10A-113 200 - 1 - Coupling of an eye to a | aser device The invention is
concerned generally with the establishnent of a nmechani cal coupling between

a biological tissue and a | aser device, the |laser radiation of ﬁﬂ!%ﬁ 58
utilised 5 for the purpose of treating the tissue. In particula ,'% é

I nvention is concerned with the coupling of a | aser device to an eye, in
particular a human eye, in order to inlfgduce one or nore incisions into
the eye with the |aser radiation. For a targeted action of the |aser

radi ation a precise |ocalisation of the beamfocus 10relative to the tissue

to be treated is indispensable. | articular for,the generation of
incisions in the tissue, Ulﬂnﬁ?ﬁprheYEIith E)%ﬁe;r deMICe heam focus i s

striven for, in order to keep the thickness of the incision small. The
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cornea so that it can be fol ded aside for a subsequent abl ation of

underlying corneal tissue by neans of |aser radiation. After
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bi omechani cal stabilisation of the cor-
For the production of the flap, a previously common technique uses a mechanical
planer (microkeratome) which cuts into the cornea from the side with a rapidly oscil-
25 lating cutting blade. Work has also been proceeding for some time on systems that
permit generation of a flap by means of focused laser radiation with pulse durations
within the femtosecond range. Hence the name femtosecond LASIK or fs LASIK.
The radiation in this case is focused beneath the anterior surface of the cornea in the
interior of the tissue, and the focal points are positioned in the desired surface in

30 such a way that, as a result, a flap is cut out of the cornea.

But tissue incisions in the eye are needed not only in fs LASIK but also in other indi-
cations, for instance in keratoplasty (e.g. anterior or posterior lamellar keratoplasty,
penetrating keratoplasty in corneal graftings), in fs lenticle extraction for the purpose
35 of refraction correction, in the cufting of intercorneal ring segments for the purpose
of stabilising keratoconus and protrusion of the cornea (e.g. for the insertion of in-
tacs, i.e. small implanted ring segments for biomechanical stabilisation of the cor-



10A-113 200 - 2 - flea), in cataract incisions, in presbyopia incisions in
the crystalline lens, in intrastro- mal inlays, in keratotony for
astigmatisns, in corneal resection and such like. In the state Qf t?g @It
it is known (see e.g. US 5,549, 632, WD 03/ 002008 Al) in the 5008 14f 20
eye-laser devices to inpress a plane-parallel applanation | ens onto the
cor- nea. As a result of the inpressing of the applanation lens, the eye is
def ornmed and conforns two-di mensionally to the underside of the appl anation
| ens facing towards the eye. The beam focus of the |laser radiation is

referenced in the z-direction in relation to . the appl anatjion | ens (the
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z-positioning of the beamfocus in arbitrary regions in the cornea or in
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and sur rtisguel struetures deep withiméhe 8Yen of a ring. Either the appl anation |ens
in this case is integrated into the suction ring - as shown, for exanple,

in Fig. 4C of the aforepentioned US 5,549, 632 - or the applanpati lens is
bait of Besids pianeDEGNELABHIANAIAN. Psss J8nses T G T Rrall SHER e en Pavey
see, f Oralslsb<be];e¢drﬂe kRown iff thé sife @F1HO 260Raving spherically hasphgpicalhaor othdre Bs is
per manent. i1t C ich e : e base
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20 to the extent that the intraocular pressure does not increase so much as in the case
of an impressed applanation lens having a flat underside. However, the curved lens
surfaces impair the focusability of the laser radiation.

In order to keep the eye of the patient at a fixed distance from the focusing optics of

25 the laser device, in the state of the art use is made, as a rule, of suction rings which
are aspirated onto the sclera of the eye by means of partial vacuum and surround
the cornea in the form of a ring. Either the applanation lens in this case is integrated
into the suction ring - as shown, for example, in Fig. 4C of the aforementioned
US 5,549,632 - or the applanation lens is part of a separate component which is

30 coupled with the suction ring; see, for example, Fig. 7 of WO 03/002008 AL, where
the applanation lens is permanently fitted to a conical body which in the region of its
cone base is constructed for coupling to the focusing optics of a laser device and at
its narrow cone end can be brought into firm coupling with the suction ring by means
of a separate compression forceps.

35
The tripartite structural design according to WO 03/002008 A1 - with a suction ring,
a compression forceps and a conical body bearing the applanation lens - permits a



10A- 113 200 3 - nutual ly independent gui dance of the treatnent optics of
the | aser device and of the eye of the patient right up close to one
anot her. The suction ring in this case is already seated on theuﬁyQBZOO
whereas the cone is already fitted to the treatnment optics. Once Hhe
treatnment optics and the eye of the patient have been brought cl ose 5enough
to one another, the conpression forcepsy.which establishes the nechani cal
coupling between the cone and the suction ring, conmes into operation. It is
readi |y conprehensi ble that the nmechanical fixation of the eye in relation
to the treatnent opt he, co i cal
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by the maticemoreTrdesy/precisegne axamsiof a joysticky dbe sonads nedathaless rigidly
connected to the optics, for which reason the mechanical contact finally brought
about with the eye and the associated levelling of the eye remain rigid. The forces
exerted on the eye in this connection — specifically, both the forces arising during the
20 procedure of coupling and the forces acting after applanation has taken place - are
hardly predictable and may be different from patient to patient.

Overall, for numerous solutions known in the state of the art it is characteristic that
an applanation lens - or, expressed more generally, a contact glass, no matter of

25 what shape - is impressed onto the eye in the course of the coupling of the eye to
the treatment optics, specifically so strongly that the eye conforms to the contact
glass in the region required for the following treatment. This impressing of the con-
tact glass onto the eye is normally associated with pressure surges which may be felt
to be unpleasant by the patient. The eye is squeezed in the process and under cer-

30 tain circumstances may suffer damage, particularly because the tensile, compressive
and shear forces arising cannot be precisely defined in advance.

The object of the invention is to enable a more considerate coupling of a body tissue,
in particular an eye, to a laser device.

35
For the purpose of achieving this object, according to one aspect a process is pro-
vided for coupling @ mechanical interface unit of a laser device to a stabilising com-



30tam n circunmstances may suffer damage, particularly because the tensile,
conpressive and shear forces arising cannot be precisely defined in
advance. The object of the invention is to enable a nore con5|d tg
coupling of a body tissue, in particular an eye, to a | aser deﬁﬁégl 3%

10A- 113 200 - 4 - ponent retained on a biological tissue by suction force,
the process conprising the follow ng stgps: - rel ati ve approxi mating of the
interface unit to the stabilising conponent as far as a first relative
position, 5- in the first relative position, evacuating a suction chanber
formed between the interface unit, the stabilisi onent and t
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taken plReLon ARSI AN RisBFREGTAER TiF boddtBahdeSRith the invention, this is utilised
20 in order to suck the tissue against a tissue-abutment surface formed by the interface
unit, so that a two-dimensional conforming of the tissue to the tissue-abutment sur-
face takes place there. In the first relative position of the interface unit and of the
stabilising component, in one configuration of the invention there is not yet any con-
tact between the tissue and the tissue-abutment surface before the evacuation of the
25 suction chamber is begun. According to an alternative configuration, such a contact
may already exist, which, however, is significantly enlarged by the evacuation of the
suction chamber. The geometry of the interface unit and of the stabilising compo-
nent as well as the strength of the partial vacuum generated in the suction chamber
are such that, after evacuation has taken place, the tissue bears against the tissue-
30 abutment surface in a region that is at least as large as the extent of the intended
treatment region but at the start of the evacuation is still significantly smaller than
this treatment region.

In particular, the evacuation of the suction chamber brings about an enlargement of
35 the region of contact between the tissue and the tissue-abutment surface to at least

one and a half times, preferentially to at least double, and most preferentially to a

multiple. In the case of an approximately circular-disc-shaped region of contact



30 abutment surface in a region that is at |east as |large as the extent of
the intended treatnent region but at the start of the evacuation is stil
significantly smaller than this treatnment region. In particular,A%g? 90
evacuation of the suction chanber brings about an enl argenent o %e
region of contact between the tissue and the tissue-abutnent surface to at
| east one and a half times, preferentialy to at |east double, and nost
preferentially to a nultiple. In the case of an approxi mately
circul ar-di sc-shaped regi on of contact 10A-113 200 - 5 - between the
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A further advantage of the solution according to the invention consists in the prob-
lem-free uncoupling of the interface unit from the stabilising component in the case
of complications or in the case of a panic reaction of the patient. By aeration of the
25 suction chamber, the coupling between interface unit and stabilising component, and
hence between tissue and laser device, can be released instantaneously, i.e. without

delay.

In the case of eye treatments, the internal pressure of the eye is only increased
30 slightly, if at all, by the aspirating of the cornea onto the abutment surface of the
interface unit. This allows the patient to feel the operation to be more agreeable.

According to one further development of the invention, the relative approximation of
the interface unit to the stabilising component may be effected in a direction along
35 which a further relative approximation of the interface unit and of the stabilising
component beyond the first relative position is possible, in particular as far as a state
of reciprocal impact. This means that the first relative approximation of the interface



interface unit. This allows the patient to feel the operation to be nore
agreeable. According to one further devel opnent of the invention, the
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approxi mation of the interface unit and of the stabilising conponent beyond
the first relative position is possiblg._in particular as far as a state of
reci procal inpact. This neans that the first relative approximation of the
interface 10A-113 200 6 - unit and of the stabilising conponent is stopped
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the interface unit and of the stabilising component from the first into the second
relative position is small, in particular negligibly small in comparison with a proportion
to be ascribed to the aspirating of the tissue onto the tissue-abutment surface. Ex-
pressed otherwise, the mere approximation of the interface unit and of the stabilising

30 component into the second relative position should not in itself ensure a significant
increase in the region of contact between tissue and tissue-abutment surface. This
can be guaranteed, for example, by the path of movement between first and second
relative positions amounting to only a fraction of a millimetre.

35 The invention is suitable, in particular, for an automated process sequence in which
at least parts of the coupling procedure proceed in automated manner. For example,
the attaining of the first relative position can be detected by means of sensorics, and



35The invention is suitable, in particular, for an autonated process
sequence in which at |least parts of the coupling procedure proceed in

aut omat ed nmanner. For exanple, the attaining of the first reIatkMQJQQ&Stion
can be detected by neans of sensorics, and 10A-113 200 - 7 - tLe
evacuation of the suction chanber can be brought about automatically, in
particular in programcontrolled mannerz.in response to the detection of
the first relative position. Alternatively or in addition, the relative
approxi mation of the interface unit to the stabilising conponent can be
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axis, 1ljelaBivepobiidhcal interface unit which is separate fromthe
suction-ring unit and capabl e of noving along the ring axis in coupling

contact with the latter, with a contact glass for shaping the surface of
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sensorics and to e punpi ng neans, which has been set up td bring abdut an
evacuatﬁ%ﬂ“@ﬂh%he first suction chanber in response to the detection of the

first relgsuction-ring unit to be placed onto the eye, with a ring axis,

15 - a mechanical interface unit which is separate from the suction-ring unit and capable
of moving along the ring axis in coupling contact with the latter, with a contact glass
for shaping the surface of the eye,

- pumping means for evacuating a first suction chamber bounded between the suc-
tion-ring unit, the interface unit and the surface of the eye,

20 - sensorics for detecting a predetermined first axial relative position of the interface
unit and of the suction-ring unit,

- a control device, in particular a program-controlled control device, connected to the
sensorics and to the pumping means, which has been set up to bring about an
evacuation of the first suction chamber in response to the detection of the first rela-

25 tive position by the sensorics, in particular in order thereby to establish a contact
between the eye and a shaping abutment surface of the contact glass, or to enlarge
a region of existing contact.

By way of contact glass here, any transparent contact element is to be understood
30 that serves for shaping contact by the surface of the eye. The word ‘glass’ is not to
be understood as a reference to a particular glass material of the contact glass; in-
stead, it is solely intended to make clear the transparency in respect of the laser
radiation. Even if in many cases in practice a glass material may find application for
the contact glass, it is just as conceivable to manufacture the contact glass from a
35 plastic material. In a preferred embodiment, the contact glass is constructed as a
plane-parallel applanation lens, possessing a flat lens surface both on its side facing
towards the eye and also on its side facing away from the eye. Within the scope of



25tive position by the sensorics, in particular in order thereby to
establish a contact between the eye and a shapi ng abutnent surface of the
contact glass, or to enlarge a region of existing contact. By x49§200
contact glass here, any transparent contact elenent is to be uﬁgers ood
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of the invention; it stabilises and fixes the eye. It may form a full-perimeter first
sealing surface in the form of a ring with which it is capable of being applied onto the
20 surface of the eye for the purpose of sealing the first suction chamber, whereby the
evacuation of the first suction chamber brings about an abutment of the eye against
the contact glass in a region that corresponds approximately to the area surrounded
by the first sealing surface. Via the diameter or the cross-sectional size of the region
surrounded by the first sealing surface, the size of the region of contact between eye

25 and contact glass can be established in this way.

In a preferred embodiment, the first sealing surface separates the first suction cham-
ber from a second suction chamber which is bounded completely between the suc-
tion-ring unit and the surface of the eye, which is not connected to the first suction
30 chamber, and which is capable of being evacuated independently of the latter. The
second suction chamber serves for aspiring the suction-ring unit onto the sclera of
the eye. For example, the first sealing surface may be formed on the inner edge of
an annular projection of the suction-ring unit protruding towards the middle of the
ring and directed radially or obliquely relative to the radial, for instance by a ring seal
35 fitted to this annular projection.



20 surface of the eye for the purpose of sealing the first suction chanber,
wher eby the evacuation of the first suction chanber brings about an
abut rent of the eye against the contact glass in a region that ﬁﬁﬁﬁ@i@?nds
approximately to the area surrounded by the first sealing surface."Via the
di aneter or the cross-sectional size of the region surrounded by the first
sealing surface, the size of the regiqQmof contact between eye 25and
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constructed with coupling structures for coupling to focusing optics of a
| aser deyj c. vi di. LAt s th{d :
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hol der \GheRgeaRly cenpeeted to the latter and which is constructed with coupling structure
for coupling to focusing optics of a laser device providing the laser radiation. The
bipartition of the interface unit into a contact-glass holder and an adapter is advanta-
35 geous to the extent that after an operation the entire interface unit does not have to
be recovered or even thrown away. Instead, the adapter can readily be re-used,

where appropriate after prior sterilisation. The contact-glass holder with the contact



10A- 113 200 - 10 - glass may, on the other hand, be a disposable article.
The contact-glass hol der and the adapter nmay, for exanple, be constructed
with thread means which permt a screw connection of the contacﬁmqhgiaj

hol der and the adapter. For the contact-glass holder, use nmay be rade of a
coni cal sl eeve body, for exanple, the sleeve jacket of 5which consists of
solid material or possesses apertures_fgr the purpose of saving weight. The
invention will be elucidated in nore detail in the follow ng on the basis
of the appended drawi ngs. Represented are: 10 15 Figs. la-le schematically,
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according . n one instance in'its entirety and in one Tnstance
hal f cutWeigllh, and

The invention will be elucidated in more detail in the following on the basis of the
appended drawings. Represented are:
10
Figs. la-1e schematically, consecutive phases in the course of the
coupling and uncoupling of an interface unit to/from a
suction-ring unit seated on an eye, according to an exem-
plary embodiment,
15

Fig. 2 in greatly schematised manner, an exemplary embodiment
of a laser device for introducing incisions into the cornea
of an eye,

20 Fig. 3 an axial longitudinal section through a realistically shown

exemplary embodiment of an interface unit and of a suc-
tion-ring unit in a coupled state,

Figs. 4a and 4b perspective views of the suction-ring unit according to
25 Fig. 3, in one instance in its entirety and in one instance
half cut open, and

Fig. 5 an enlarged detail from Fig. 3.

30 In the exemplary embodiment shown in Figures 1a-le the (human) eye fo be treated
is denoted by 10. The cornea of the eye 10 is shown at 12, whereas the sclera is
denoted by 14.

One or more incisions are to be introduced into the cornea 12 of the eye 10 by

35 means of pulsed laser radiation with pulse durations within the femtosecond range.
The laser radiation necessary for this is provided by a laser source which is not rep-
resented in any detail. For example, the wavelength of the treatment radiation



Fig. 5an enlarged detail fromFig. 3. 30In the exenplary enbodi nent shown

in Figures la-le the (hunan) eye to be treated is denoted by 10. The cornea
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may be brought about at |east partly by notorised neans, for exanple by
e aven? BRRRGER 1 el B Boh IR yREAE R R ket 8L e 187,
al @9 conosuehalway is an interface unit, generally denoted by 34, which, in a manner not
represented in any detail, is capable of being firmly but releasably coupled with fo-
cusing optics of the aforementioned laser device. The interface unit 34 is capable of
being displaced, together with the focusing optics, relative to the patient and to the
suction-ring unit 16 fastened to him/her along a horizontal direction indicated by a
30 horizontal arrow 36 and along a vertical direction indicated by a vertical arrow 38.
The capacity for displacement of the interface unit 34 may be brought about at least
partly by motorised means, for example by means of an electromotive drive. An at
least partly manual capacity for movement of the interface unit 34 relative to the
suction-ring unit 16 is also conceivable.
35
Overall, the interface unit 34 is of conical design, being formed at its wider cone end
(at the top in Figs. 1a-1e) for coupling with the focusing optics, and bearing at its



35 10A-113 200 - 12 - narrower cone end a contact glass 40 taking the
form in the exenplary case that is shown, of a plane-parallel applanation
lens. In a first phase of the procedure for coupling the eye 10,0k 1

| aser device the inter- 5face unit 34 is noved relative to the suctlon ring
unit 16 in the arrow direction 36 into a position in which it is |ocated
axi ally above the insertion funnel sa that the interface unit 34 can
subsequently enter the insertion funne% 20 by being axially | owered. The
phase of the entering of the interface unit 34 |nto the i nsertion funnel 20

of the suction-rin n|t S, re 1N F| ln.the c of the
over | ndEroMer RS ks padiech fiess B il e Punefl i perePat 8 BaEies tne
eye 10; shbwhl;lefaqrmet-pamiletapplalaancm lemsr gap between the insertion funnel
20 and the interface unit 34 becomes snaller. The conically extending
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ext endi Ay afinst phpse phther prosadure for couplingithe eye 40 daithe :iaseb@igwlcsrt ednteri n
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| og{? ted S oc%] 81 t a?te?r?aetlvei]yoé rI‘*Strthgru glfll'llu ar séalllpﬁg surPace separate from the sealing
surface 26, may be formed on the suction-ring unit 16, said annular sealing surface
serving for sealing the suction chamber 42.

The sealing surfaces that are effective between the suction-ring unit 16 and the

25 interface unit 34 are, in the exemplary case that is shown, formed by a ring seal 44
fitted to the insertion funnel 20 and by the part of the outer-periphery shell of the
interface unit 34 situated opposite this ring seal 44 in the entered state. This part of
the outer-periphery shell of the interface unit 34 acting as a sealing surface is de-
noted by 46 in Figure 1a. The ring seal 44 may, for example, be a lip seal or an O-

30 ring. It will be understood that alternatively such a ring seal may be provided on the
interface unit 34. It is furthermore conceivable to dispense with a separate sealing
element, provided that the outer surface of the interface unit 34 and the inner sur-
face of the insertion funnel 20 are sufficiently smooth and come to be located along-
side one another sufficiently closely.

35
The lowering of the interface unit 34 in the arrow direction 38 (corresponding to the
axial direction of the suction-ring unit 16) stops at a predetermined axial relative



10A-113 200 - 13 - position in which the interface unit 34 still has a
certain axial spacing fromthe suction-ring unit 16 - that is to say, has
not yet entered the insertion funnel 20 to maxi mal depth. The SﬁﬁHJQENEhe
| owering novenent is indicated schematically in Fig. |lc by a transverse
line 48. In the stop position of the interface unit 34 there is, on the
Sone hand, still a radial gap between_ffe insertion funnel 20 and the
interface unit 34; on the other hand, no significant |levelling of the eye
by the applanation plate 40 has yet taken place. For exanple, the size of
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seal i ng Hand; prefera@itialip aofauriteo atnofdegriydifey millimetrebeior exampleohiybet ween
the about 2 mm or 3 mm. In each case a contact possibly existing in the stop position
between applanation plate 40 and eye 10 is so weak that no significant increase in
the intraocular pressure is brought about by the contact.
25
The stop position of the interface unit 40 is detected, in the exemplary case that is
shown, by a sensor element 50 arranged on the suction-ring unit 16, more precisely
on the insertion funnel 20, which may be, for example, a Hall-effect sensor taking
the form of a proximity sensor. The sensor element 50 is suitably positioned in order
30 to emit an appropriate signal when the interface unit 34 attains the predetermined
stop position.

In the stop position the suction chamber 42 extends into the annular gap still existing
between the insertion funnel 20 and the interface unit 34. The sealing element 44

35 may already be in sealing abutment on the conical outer-periphery shell of the inter-
face unit 34. But it is also possible that in the stop position there is still no complete
sealing of the suction chamber 42. Depending on whether a contact between the



10A- 113 200 - 14 - applanation plate 40 and the eye 10 is already present
or not in the stop position, the suction chanber 42 either extends

conpl etely through between the applanation plate 40 and the ey%_%glgaoo
surrounds the existing region of contact. 5The suction chanber y 'S
connected to a further evacuation channel 52 which, |ike the evacuation
channel 28, is formed on the suction-rjpg unit 16 and |ikewi se is ca- pable
of being connected to an evacuation punp (not represented in any detail)
serving as source of partial vacuum Via the two evacuation channels 28, 52

the two suction chanbers 30, 42 n be evyacuat ed i ndependently of. an
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The strength of the partial vacuum generated in the suction chanber 42 is

chosen t e sufficiently high _in orde o level the in | on
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exafpl e, eftesh uptl dinaty aliginsa maxinagky FeeP eR o, Hyis filnther owerypaid ween
400 nm Hgeamere8 umie 38is brought about solely by the suction effect of the partial vac-
uum prevailing in the suction chamber 42; no motorised or manual force support any
longer takes place in this phase of the coupling procedure. The extent of this further
lowering movement of the interface unit 34 is comparatively slight; for example, due
25 to suction force the interface unit 34 is sucked deeper into the insertion funnel 20 by

only a few tenths of a millimetre.

The strength of the partial vacuum generated in the suction chamber 42 is chosen to
be sufficiently high in order to level the eye 10 in the region desired for the treat-

30 ment, i.e. to flatten it by aspiration onto the plate 40. In the process, the increase in
contact brought about by the drawing of the interface unit 40 into the insertion fun-
nel 20 is in each case small and preferentially even negligible in comparison with the
enlargement of the region of contact brought about as a consequence of the aspira-
tion of the cornea. In order to mention exemplary numerical values, in this way a

35 partial vacuum between 200 mm Hg and 600 mm Hg, for example, can be generated
in the suction chamber 42, preferentially between 400 mm Hg and 500 mm Hg.



10A-113 200 - 15 - The flattened state in which the suction chanber 42 is
evacuated to the desired level is showmn in Fig ld. In this state, by

beam ng | aser radiation from above through the appl anati on platﬁmﬂq 5&?
desired treatnent of the eye 10 can be effected, for exanple the geﬁe ation
of a flap within the scope of an fs LASIK treatnment. 5 Should there be
problens in the state according to Figqgid, possibly because the patient
reacts with panic, a rapid uncoupling o? the interface unit 34 fromthe
suction-ring unit 16 can be obtained by aeration of the suction chanber 42.
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20 mm Hg. n the stop position of e Interface uni 4 prior to the
start ofP®he evacuation of the suction chamber 42 a contact is al r eady
present between eye and applanation plate 40, the rise in pressure brought

about in the eye by this, nme [ referential Ly | Such a
smat | ririg'é:omp%@'ﬁpég ! -el%dﬁﬁ%fﬂ ﬁl? %&t@ﬂa‘%@gééﬁﬁéﬁtoh‘%%c%&aggoﬁ%i ng a
di anet ereyefis Alusinated By am upwardaartow &8ediectet tawardsxhetappipriationpatet 40h
position prior to the start of the evacuation should preferentially not

lead to a rise in pressure by nore than 20 mm Hg. By virtue of the
subsequdnta pragessas elydidated abavetit ispessiie &0 kaep andnereasa dptheint@ecdlart he

eye ont Gyrb&RiraPhEGH Al Blyathe coiplind bhehe ftbflée UhRS4i to theesRtibR-ritg N t he
eye my ogcur,, I'Th, .however . should ampunt, as a rule, tqQ no et han
2pB? oxi VTG, i52) Bk Shegevelling Rfitfie, Commean Bopaplisivallinakasiyts teffes BUEBisgn
chanber spidinidodn@dlson to an increase in pressure as a consequence of the aspirating of
the suction-ring unit 16 onto the sclera. In order to give a numerical example, the
fixation of the suction-ring unit 16 to the eye may already bring about an increase in
the intraocular pressure by about 60 mm Hg to 100 mm Hg. For comparison, cus-
25 tomary intraocular pressures of the human eye without contact amount, as a rule, to
between about 15 mm Hg and 20 mm Hg. If in the stop position of the interface unit
34 prior to the start of the evacuation of the suction chamber 42 a contact is already
present between eye and applanation plate 40, the rise in pressure brought about in
the eye by this means is preferentially less than 10 mm Hg. Such a small rise in
30 pressure can readily be guaranteed with a contact having a diameter of 2 mm to
3 mm. In each case a contact existing in the stop position prior to the start of the
evacuation should preferentially not lead to a rise in pressure by more than
20 mm Hg. By virtue of the subsequent evacuating of the suction chamber 42 and
the aspiration of the eye onto the applanation plate, a further slight rise in pressure
35 in the eye may occur, which, however, should amount, as a rule, to no more than
approximately 20 mm Hg, depending on the partial vacuum in the suction chamber
42.



- 16 - Fig. 2 shows schematically conponents of a |aser device with which
the process described previously on the basis of Figures |la-le can be

i npl enent ed. Conponents that are identical to, or that act |dethq?§5&)
those in Figures la-le are de- 5noted in this case by identical 2fEnce’
synbols. Wth a view to avoiding repetition, reference is nade to the
preceding remarks relating to these cogponents. The | aser device according
to Fig. 2 includes a | aser source 60 for pulsed |aser radiation with pul se
durations within the fentosecond range. The | aser beam - denoted by 62 -
emtted by the |laser source 60 reaches, via a deflecting device (scanner)
formed here by two controll able deflecting mrrors 64, 66, a deviating
mrror @y, X showsbiramdtivally aseipoheats 62a lasec dewice mtjswhg:honma precdsd. At the
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10A- 113 oeQens éé’ntalned therein may be adjustable in the longitudinal direction of the

beam, under the control of the control device 72. Alternatively it is possible to ar-

range a lens of beam-expanding optics, not represented in any detail in Fig. 2, ar-

ranged between the laser source 60 and the deflecting mirrors 64, 66 so as to be

25 relocatable in the longitudinal direction of the beam, in particular an input-side di-
verging lens of such beam-expanding optics.

The focusing optics 70 are suspended in weight-compensated manner on a mounting
78. The mounting 78 is indicated in Fig. 2 in greatly schematic manner by two verti-

30 cal dashes drawn on either side of the focusing optics 70. The weight compensation
of the focusing optics 70 is indicated schematically by a counterweight 80 which is
connected to the focusing optics 70 via a rope/pulley arrangement 82 and which
exerts a counterforce on the focusing optics 70 compensating the weight of said
focusing optics. A rope/pulley arrangement is, of course, only one example of the

35 fastening of a counterweight to the focusing optics. Alternatively, use could be made
of a lever system, for example. Another possible configuration is shown in



US 5, 336, 215, where a spring systemis used for the purpose of suspending
focusing optics. The focusing optics 70 are capable of being | owered,
together with the nounting 78, 5in the vertical direction |nto]bﬂg 2

i nsertion funnel 20 of the suction-ring unit 16 seated on the eye i% %
notorised, preferentially electronotive, drive unit 84, as indicated by the
direction arrow 38. In this case the fpgusing optics 70 are not rigidly
connected to the nmounting 78 but possess in relation to the nounting 78 a
certain capacity for displacement upwards contrary to the | owering

directi ac ount of, 10th wei ht onpensati on f t he .foc
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al ready optiessi bl e by virtue of an extrenely smal | application of force. The
nonent at which the applanation plate 40 conmes into contact with the eye

and experiences a counterpressure fromthe eye nmay therefore already result
in a di a'pEefoamng optics 7@ afe capabig of beingslongred tagethervith the mountingy’878.
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tively, ther metorigedtlbeering imovernéemtgofutiet fotGsingroptios 70 drastbarenstoppéd.accor di ng
to 10AA%:%§rd2 r?gqy,_ wﬂign the switching signal is received from the [imit switch 86 the con-
trol device 72 controls the drive unit 84 in the sense of an operational stop. The
previous lowering of the focusing optics 70 by the drive unit 84 can likewise be con-
25 trolled by the control device 72 in accordance with the control program 74; alterna-
tively it is conceivable that the operator initialises the lowering movement manually
by means of a joystick connected to the control device 72, in which case when the
aforementioned predetermined relative position between interface unit 34 and suc-
tion-ring unit 16 is attained the control device 72 cancels the precedence of the joy-

30 stick and stops the operation of the drive unit 84 automatically.

On account of the presence of the limit switch 86, in this case a sensor fitted to com-
ponents 16 or/and 34 may be dispensed with.

35 The laser device according to Fig. 2 furthermore includes two evacuation pumps 88,
90 which via suitable hose lines are connected to a pipe nipple 92 and 94, respec-
tively, formed on the suction-ring unit 16. Evacuation channel 28 according to



Figs. la-le leads into pipe nipple 92; evacuation punp 88 consequently
serves for evacuating suction chanber 30. On the other hand, evacuation
channel 52 |l eads into pipe nipple 94, on account of which evacu Af}gzaynp
90 serves for evacuating suction chanber 42 shown in Figures |a- 'n" t he
exenpl ary case according to 5Fig. 2 which is represented, at Ieast
evacuation punp 90 is capable of beingqgan- trolled by the control device
72, nanely in response to the switching of the limt switch 86. This neans
an automatic swtching-on of punp 90 takes place as soon as the interface
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Chanber sabiftg to 4dach roﬁﬁevaidmétldaﬂ@um 90 rﬂaSnuthyrshomldeb@osmbte mmheepdraeer ned
t hat thei\ bgpgﬁl on plate 40a reaches radially beyond the sealing and
separ atlﬂg%@ 96a and that the suction chanber 42a extends into the
regi on between the applanation plate 40a and the sealing and separating

Pln?te(ra f gglg cdn’ﬁe&ﬁ’&n With! te3Gaa&NIAN of thd ERethBfan? efitbdiment'shét th FgS. 3-5,
25 recourse will again be had to reference symbols identical to those used previously, to
the extent that it is a question of components that are identical, or that act identi-
cally, to those in the preceding exempiary embodiments. For the purpose of differ-
entiation, however, this time a lower-case letter is appended to the reference symbol
in question. Unless otherwise stated in the following, reference is made to what was
30 stated above for an elucidation of the aforementioned identical or identically acting

components.

In the exemplary embodiment shown in Figs. 3-5 the lower part 18a of the suction-
ring unit 16a possesses a washer-shaped sealing and separating plate 96a projecting
35 radially towards the centre of the ring, which on its inner edge directly forms the
sealing surface 26a or bears a sealing ring forming the sealing surface 26a. The
sealing and separating plate 96a separates the two suction chambers 30a, 42a from



5 34a is properly coupled to the suction-ring unit 16a and the suction
chanber 42a is evacuated, the axial spacing between the underside of the
appl anation plate 40a, facing towards the eye, and the upperfﬂﬁﬁygg%@?e
seal ing and separating plate 96a anounts, for exanple, to about™ 0.
Overall, for this spacing a dinmension has proved to be expedi ent that
shoul d be no less than 0.4 nm in ordefgto avoid unde- tosirable pressure
i nfluences of the applanation plate on the eye, but at the sanme tine no
greater than 1.2 mm in order to be able to aspirate the eye onto the
appl anat i
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30 the al outer-peri Ae@% r?ﬁgﬁéfi the Interface u |q‘/ 344, at:
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sl eeve JOOﬁe?mil_et ai ning the applanation plate 40a, as well as an adapter cone
|

104a whi¢ rel easably connected to the conic sleeve 102a, 10A-113 200 -
20 - for exanple by neans of a screw connection, as indicated at 106a.

cone 042 iy ciatiasten H oV RTIfR dr el B0 CR L 2 e e e e
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i s constateq statefagcondingtesBigse3 @ndd.i ng (for exanple, in the formof an

axial clanp coupling) with the focusing optics of the |aser device. In the

exenplarg case that is shown, for_this purpose it exhibits a rﬁdialfy
pr @5 ect iThganfuther be gdiscarnetiinig o &hat the sustion ghamber Aizafygends laterally

on the outside past the lower cone end of the interface unit 34a in the axially upward
direction into a region that is situated axially above the applanation plate 40a. This
axial point is denoted by P in Fig. 5. On the other side of point P, i.e. in the direction
towards greater aperture widths of the insertion funnel 20a, there is moulded into

30 the conical outer-periphery shell of the interface unit 34a a full-perimeter annular
groove 100a which serves for receiving a sealing element, not represented here in
any detail, which interacts with the inner funnel surface of the insertion funnel 20a
for the purpose of sealing the suction chamber 42a.

35 In Fig. 3 it can further be discerned that the interface unit 34a may be of bipartite
construction and includes a conic sleeve 102a retaining the applanation plate 40a, as
well as an adapter cone 104a which is releasably connected to the conic sleeve 1023,



It will be understood that alternatively a one-piece or even nore than

t wo- pi ece configuration of the interface unit is conceivable. 15A
dash-dotted line 112a in Fig. 5 illustrates an exenplary InCISI%ﬂ E??@F
such as can be made in the cornea of the eye 10a by neans of Iaser pul ses
suitably controlled in space and tine. It wll be understood that a |arge
number of other incision shapes are poggi.bl e, depending on the desired type
of treatnent. 10A-113 200 - 21 - Clains 1. Process for coupling a
mechani cal interface unit (34) of a laser device to a stabilising conponent
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15 A dash-dotted line 112a in Fig. 5 illustrates an exemplary incision shape such as can
be made in the cornea of the eye 10a by means of laser pulses suitably controlled in
space and time. It will be understood that a large number of other incision shapes
are possible, depending on the desired type of treatment.



254. Process according to one of the preceding clains, characterised in
that the rela- tive approximtion of the interface unit (34) to the
stabilising conponent (16) is effected in a direction (38) alonﬂmwnggﬁ)a
further relative approximtion of the interface unit and of the stabilising
conponent beyond the first relative position is possible, in particular as
far as a state of reciprocal inpact. 361% Process according to one of the
preceding clains, characterised in that the evacuation of the suction
chanmber (42) brings about a relative novenent of the interface unit (34)
and of the stabilising conponent (16).,into a second relative position in
whi ch they are nore greatly approxi @MPhan in the first relative
position. 10A-113 200 - 22 - 6. Process according to daimb5,

(34) “and- of bR o RBlplif affikcheblc éﬁ#t@b’égf R GIATSF pleserfer L BA 868100
rel ati vdisingstanmponentdi6) etainedomabiolegisal tisstiehbyssuctipndekss carppisimgrtiet o

G al m 5 ¢Qiiovin qﬁ@g cterised in that a proportion of the enlargenent of the
regi on o€ con?act %etwe_en the tissue and the tissue-abut nent sur}ace to be

ascri bed retiva SPPEPARAURT 45 $he MteHare MNBOAE STaRITIRG caMARNENt asjarasd of
the st alfjrét @iatveqsugorent (16) fromthe first into the second relative
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ti ssue- dmterfiee iini, tHasw@biliskhg dmpesentarnchiht suface ofithedissuddnprderdi ng

| aj s, . : ol t » ; S
s ot o SRR TORAAIC e S RplsSt Bhd o sk by LB R rper
(42) i s the infgifacabbit; oate entarge alregion; of dstindcednkact n program 15control | ed
manner, in response to the detection of the first relative position. 9.

el b v AHKESS AERTURTa LRGN fnEBR PSR RS RGN REFIG SIRen

conponerghafribel (42) bﬁngwbboménlbyignénmﬂ the rebion oftantactesktdeenghdevi ce

utbmat tisane pnaitne SEsUPBRTtmEN difecel bR Ty R BB RS entiae e <o
a sensorto@tdesst cdouble, if patticularteta meiltipleve position. 10. Apparatus for

cutting a tissue part of an eye (10) by neans of focused |aser radiation,
in particular for the purpose of inplenenting the Erocess according to one

250f t hed.pPeess agcardingre, CRigmdrarsd. riaracterised whthat fe tegien of 6pniget pe
ng)c ealh %@F}ﬂeéﬁ%h@ﬁgs%é’\bl?@ tife ttibélfé-ablhtmélﬂ%rfacé mgbmgimatel% p‘r@ﬂéﬁ@b@guni t
i IS separate from suction-ri and ¢ e of bein
odba aISBAGES ABOITR Svasuatan ot fesstickiR cbariker (A2 R SPAR aF eflargsmdft
cont act ¢flthe gigmiéier iofthe hegion of chatatt bl atdeast I0hperegant, preferentially by at
least 50 per cent, still more preferably by at least 70 per cent, and most preferably

by at least 90 per cent.

25 4, Process according to one of the preceding claims, characterised in that the rela-
tive approximation of the interface unit (34) to the stabilising component (16) is
effected in a direction (38) along which a further relative approximation of the inter-
face unit and of the stabilising component beyond the first relative position is possi-
ble, in particular as far as a state of reciprocal impact.

30
5. Process according to one of the preceding claims, characterised in that the
evacuation of the suction chamber (42) brings about a relative movement of the
interface unit (34) and of the stabilising component (16) into a second relative posi-
tion in which they are more greatly approximated than in the first relative position.

35



30- punping neans (88, 90) for evacuating a first suction chamber (42)
bounded be- tween the suction-ring unit, the interface unit and the surface
of the eye, sensorics (50, 86) for detectlng a predeternned flkﬁa %ijal
relative position of the interface unit and of the suction-ring unl% -
a control device (72) connected to the sensorics and to the punping neans,
whi ch 35has been set up to bring aboutysn evacuation of the first suction
chanber (42) in response to the detection of the first relative position by
t he sensorics, in particular in 10A-113 200 - 23 - order thereby to
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of being evacuated i ndependently of said first suctlon chanber. 13.
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t ovvar ds c%gﬁ'oﬁé/c? manner, in response to the detection of the first relative position.

9. Process according to one of the preceding claims, characterised in that the rela-
tive approximation of the interface unit (34) to the stabilising component (16) is
brought about by actuation of a motorised drive device (84) and in that the operation

20 of the drive device is stopped automatically, in particular in program-controlled man-
ner, in response to a sensoric detection of the first relative position.

10. Apparatus for cutting a tissue part of an eye (10) by means of focused laser
radiation, in particular for the purpose of implementing the process according to one
25 of the preceding claims, comprising
- a-suction-ring unit (16) to be placed onto the eye, with a ring axis (22),
- a mechanical interface unit (34) which is separate from the suction-ring unit and
capable of being moved along the ring axis in coupling contact with the latter, with a
contact glass (40) for shaping the surface of the eye,
30 - pumping means (88, 90) for evacuating a first suction chamber (42) bounded be-
tween the suction-ring unit, the interface unit and the surface of the eye,
- sensorics (50, 86) for detecting a predetermined first axial relative position of the
interface unit and of the suction-ring unit,
- a control device (72) connected to the sensorics and to the pumping means, which
35 has been set up to bring about an evacuation of the first suction chamber (42) in
response to the detection of the first relative position by the sensorics, in particular in



14. Apparatus according to one of Cains 10 to 13, characterised in that
the first 25suction chanber (42) reaches axially beyond the contact gl ass
(40) in the direction away fromthe eye. 15. Apparatus accordllg 1;192&[1e of
Clains 10 to 14, characterised in that the suction-ring unit (I ? ornms an
insertion funnel (20) which opens in the direction axially away 30fromthe
eye and the interface unit (34) exhibipg.a conic section for axial
insertion into the insertion funnel. 16. Apparatus according to daim
15, characterised in that the insertion funnel (20) and the conic section

formlntera ing second s aI|n surfaces for_se he f uction
chanber (qﬁf %YAF ﬁ%a@ 9‘%‘ Cyéwgﬁﬁb%eaﬂ?sgﬁggpé 4%]%@%?%?15 or
16, chafaaet effhecmbntactigiags, oheo enkbege laangfamwfeexmtergammatte coni c section

possess(es) a full-perinmeter groove (100a) into which a seal i ng ri ng has
been inserted. 518. Apparatus according to one of C ains
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d ai m 18pondmapprozimately totherareatsherovioded by-thedirst seslicgrsuffegea) and the

adgpter (104a) are constructed with thread neans which perm’t a 15screw
connection of the cont act-gl)ass hol der and t he adaPter par at us

accor di Ag- tAprarakus acgorsting & Clar bl tcharaderised inrtat thefi rﬁtﬁ@a&%tS%@Cle ass
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(
accordin aracterise
o e of Uit l68n e Prgeaias toNgrds e sy®, Bitkrusenaraics e et sition (iBtnpels ,
pl ane sy42acfeom a second suction chamber (30a) bounded completely between the suc-
15 tion-ring unit and the surface of the eye, which is not connected to the first suction
chamber, and which is capable of being evacuated independently of said first suction
chamber.

13. Apparatus according to one of Claims 10 to 12, characterised in that in the case

20 of a suction-ring unit (16) properly placed onto the eye in the first relative position
the first suction chamber (42) completely borders, prior to its evacuation, the under-
side of the contact glass (40) facing towards the eye.

14. Apparatus according to one of Claims 10 to 13, characterised in that the first
25 suction chamber (42) reaches axially beyond the contact glass (40) in the direction
away from the eye.

15. Apparatus according to one of Claims 10 to 14, characterised in that the suction-
ring unit (16) forms an insertion funnel (20) which opens in the direction axially away

30 from the eye and the interface unit (34) exhibits a conic section for axial insertion
into the insertion funnel.

16. Apparatus according to Claim 15, characterised in that the insertion funnel (20)
and the conic section form interacting second sealing surfaces for sealing the first
35 suction chamber (42).
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17. Apparatus according to Claim 15 or 16, characterised in that the insertion funnel
or/and the conic section possess{es) a full-perimeter groove (100a) into which a
sealing ring has been inserted.

18. Apparatus according to one of Claims 10 to 17, characterised in that the inter-
face unit (34a) includes a contact-glass holder (102a) designed for mechanical cou-
pling with the suction-ring unit (16a) and bearing the contact glass (40a), as well as
an adapter (104a) which is separate from the contact-glass holder and capable of
being firmly but interchangeably connected to the latter and which is constructed
with coupling structures (110a) for coupling to focusing optics of a laser device pro-
viding the laser radiation.

19. Apparatus according to Claim 18, characterised in that the contact-glass holder
(102a) and the adapter (104a) are constructed with thread means which permit a
screw connection of the contact-glass holder and the adapter.

20. Apparatus according fo Claim 18 or 19, characterised in that that the contact-
glass holder (102a) is designed in the form of a cone sleeve.

21. Apparatus according to one of Claims 10 to 20, characterised in that at least the
side of the contact glass (40) facing towards the eye is constructed as a plane sur-
face.



