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SPECIFICATION

DISPOSABLE PATIENT INTERFACE
BACKGROUND OF THE INVENTION

1. Field of the Invention
The field of the present invention is patient interface devices for use with
opthalmic surgical laser systems.

2. Background

Many advances have been made in the area of ophthalmic surgery in
recent years. In particular, lasers are being used more and more frequently to
perform certain ophthalmic surgical procedures. One important aspect of such
procedures is accurate positioning of the eye in relationship to the laser system,
thereby allowing the laser beam to be directed with a high degree of accuracy.
Accuracy in directing the laser beam during ophthalmic surgical procedures is
important because an inaccurately or improperly directed laser beam could cause
permanent damage to the eye.

One method of positioning the eye relative to the laser beam is to use a
contact lens to stabilize the eye. This method, however, requires the contact lens
itself to be accurately aligned with respect to the laser source, and therefore does
not satisfactorily solve the alignment problem.

Another option for maintaining alignment between the eye and the laser
source is to permanently mount the lens to the exit aperture of the laser system.
However, with the contact lens permanently mounted on the laser system, the
lens would require sterilization following each surgical procedure. Alternatively,
the lens could be replaced following each procedure, but such an option
introduces the need to align each replacement contact with the exit aperture
before the system could be used. In either case, additional time and costs would
be added to each procedure.

Alternative methods of providing accurate alignment are also known.; U.S.
Patent No. 5,549,632 to Lai, the disclosure of which is incorporated herein by
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reference, describes an apparatus for controlling the shape of the cornea during
ophthalmic surgery. A transparent applanator plate is placed in contact with the
cornea of a patient’s eye. The applanator plate creates a fixed positional frame of
reference which the laser beam control system can use to position the focus of the
laser beam. A surgical tip at the distal end of an articulated arm having flexible
joints is placed in contact with the applanator plate and follows any motion of the
patient's eye and directs the laser beam to the surgical tip. The applanator plate
also provides a means to control the contour of the index of refraction boundary
between the corneal epithelium of the patient’s eye and the air.

Various types of disposable contact lenses for use with ophthalmic laser
systems are also known. For example, U.S. Patent No. 6,254,595 to Juhasz et al.,
the disclosure of which is incorporated herein by reference, describes a
disposable applanatic lens for use during ophthalmic laser surgery. The
disposable applanatic lens includes a lens which has a flat anterior surface which
is substantially parallel to a flat applanation surface. A skirt surrounds the
applanation surface and extends outwardly therefrom to define a chamber.
Additionally, the skirt includes a vacuum channel which is formed about the
applanation surface. During procedures, contact between the skirt and the cornea
encloses the vacuum channel. A vacuum pump is in fluid communication with the
enclosed vacuum channel and is employed during the surgical procedure to at
least partially evacuate the vacuum channel, thereby sealing the skirt against the
cornea.

U.S. Patent No. 6,373,571 to Juhasz et al., the disclosure of which is
incorporated herein by reference, describes a disposable contact lens and an
adjustable retainer ring for mounting the contact lens on the laser system. In order
to properly align the disposable contact lens to the laser system, reference marks
on the contact lens are brought into coincidence with predetermined focal points

along the laser beam paths.

SUMMARY OF THE INVENTION
The present invention is directed toward a patient interface device which
stabilizes the eye and provides an interface between the eye and an opthalmic

surgical laser system during laser opthalmic surgery. The frame of the patient
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interface device has an applanation end and an attachment end. The attachment
end is adapted to couple with the surgical laser system. A skirt is affixed to the
applanation end of the frame and is adapted to seal against the anterior surface of
the cornea to form a chamber. A lens is disposed near the applanation end of the
frame and is affixed to the frame by a flexible support.

Optionally, the patient interface device may be configured as a biological
barrier. The flexible support may be annular in shape and constructed to act as a
biological barrier between the eye and the opthalmic surgical laser system. With
such a configuration, the frame may be constructed of perforated sidewalls to form
the cavity. The attachment end of the frame may also be adapted to seal against
the opthalmic surgical laser system to provide a further biological barrier. As
another, the applanation end of the frame may include one or more vent ports.
Such vent ports help eliminate relative pressure changes of air or fluids trapped
between the cornea and the flexible biological barrier and lens.

Accordingly, the present invention provides an improved patient interface
device for use opthalmic surgical laser systems. Other objects and advantages

will appear hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, wherein like reference numerals refer to similar
components:

Fig. 1 is an exploded perspective view of a patient interface device;

Fig. 2 is a cross-sectional detailed view of the applanation end of a patient
interface device; and

Fig. 3 is a cross-sectional view of a patient interface device as employed to

interface between a opthalmic surgical laser system and an eye.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Turning in detail to the drawings, Fig. 1 illustrates a patient interface device
11 which is adapted to interface between a opthalmic surgical laser system (not
shown) and the cornea of an eye (not shown). The frame 13 of the patient
interface device 11 has an attachment end 15 and an applanation end 17. The
attachment end 15 is broad and open to accommodate the exit aperture of an

ophthalmic surgical laser system, while the applanation end 17 is considerably
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narrower to facilitate the coupling between the device 11 and the eye during a
surgical procedure. Between the attachment end 15 and the applanation end 17,
the sidewalls 19 of the frame 13 form a conical cavity. The shape of the frame 13,
however, is generally a matter of design choice. The frame 13 also has non-
perforated sidewalls 19. The lack of perforations in the sidewalls 19 helps reduce
the chances of cross contamination between the eye and the opthalmic surgical
laser system during a surgical procedure. However, a more open frame may be
suitable if sidewall perforations are located such that the sterile barrier is
maintained between the eye and the ophthalmic surgical laser system.

An annular skirt 21, an annular flexible support 23, and a lens 25 are
affixed to the applanation end 17 of the frame 13, with the skirt 21 and the flexible
support 23 being affixed directly to the frame 13, and the lens 25 being affixed
directly to the flexible support 23. The details of the applanation end 17 of the
frame 13 are illustrated in Fig. 2. The annular skirt 21 is seated in a complimentary
annular channel 27 in the applanation end 17 of the frame 13. The channel 27
includes a side opening 29 through which an arm 31 extends from the skirt 21.
The arm 31 houses a passageway 33 which may be affixed to a vacuum pump 35
through a tube 37. The vacuum pump 35 may be a syringe or any other
mechanical device capable of generating negative pressure. The patient interface
device 11 is employed to immobilize the eye during surgery. For this burpose, the
skirt 21 is preferably constructed of a soft, pliable material. When the skirt 21 is
placed against the eye 39, a chamber 41 is formed and the vacuum pump 35 may
be used to create at least a partial vacuum within the chamber, thereby coupling
the skirt 21, and thus the patient interface device 11, to the eye 39.

The skirt 21 is preferably affixed to the applanation end 17 of the frame 13
using an adhesive which is appropriate for the materials used. Such an adhesive
should be one that will not quickly deteriorate when exposed to light from lasers
generally employed in opthalmic surgical laser systems.

The lens 25 has a posterior surface 43 and an anterior surface 45, and may
be planar, as shown, or one or both of the surfaces may be curved. The outer
edge of the anterior surface 45 is adhered to the flexible support 23. Again, the
adhesive may be any that is appropriate for the materials used, with consideration

for the laser light to which the adhesive will be exposed. As is understood in the



10

15

20

25

30

WO 2007/050572 X PCT/US2006/041412
relevant art, the anterior surface 45 of the lens 25 makes contact with the cornea
during the surgical procedure and flattens, configures, or otherwise shapes the
cornea for the surgical procedure. The geometrical configuration of the lens 25
therefore depends upon the shape to which the cornea is to be conformed during
the surgical procedure. The lens 25 is preferably made of a inexpensive high
strength transparent material, such as glass, plastic, or the like.

The flexible support 23 is itself adhered to the applanation end 17 of the
frame 13 using an adhesive, although a mechanical coupling could also be used.
The considerations for the adhesive are again the same.

During ophthalmic laser surgery, a secondary chamber 49 is created when
the patient interface device 11 is coupled to the eye 39. The secondary chamber
49 is formed by the anterior surface 45 of the lens 25, the flexible support 23, the
annular channel 27 of the frame 13, the annular skirt 21, and the cornea of the
eye 39. The volume of the secondary chamber 49 changes as the lens 25 moves
on the flexible support. The amount of lens movement is an important factor in
determining the amount by which the cornea is flattened, configured, or otherwise
shaped for the surgical procedure. As the volume of the secondary chamber 49
changes, a localized change of pressure occurs within the pocket. This pressure
change can negatively affect the ability to shape the cornea as desired using the
lens 25. To alleviate this problem, vent ports 51 are disposed within the
applanation end 17 of the frame 13. The vent ports 51 permit the relative pressure
of air or fluids within the secondary chamber 49 to equalize to atmospheric
pressure. The vent ports 51 preferably do not compromise the sterile barrier
between the eye 39 and the ophthalmic surgical laser system, nor do they
compromise the established pressure within the vacuum chamber 41. The patient
interface device 11 may include a single vent port, or up to twelve or more vent
ports. Multiple vent ports are preferably regularly spaced in a ring about an axis
perpendicular to the lens 25. The vent ports 51 help ensure that the shape of the
cornea is dictated solely by pressure upon the posterior surface 43 of the lens 25.

Fig. 3 illustrates the patient interface device 11 providing an interface
between the patient's eye 39 and the exit aperture housing 47 of the opthalmic
surgical laser system. The frame 13 of the patient interface device 11 is

configured to have a complimentary shape to the exit aperture housing 47. This
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allows the exit aperture housing 47 to be inserted directly into the frame 13 and be
positioned immediately adjacent the eye 39 without being in physical contact with
the eye 39, thereby facilitating the surgical procedure while reducing opportunities
for cross contamination between the eye and the exit aperture housing 47.

The attachment end 15 of the frame 13 is coupled to the exit aperture
housing 47 to further reduce opportunities for cross contamination and to stabilize
the interface. This coupling may be achieved by inclusion of a ferromagnetic
material in rings 49 circumscribing the attachment end 15 of the frame 13 and
complimentary sliding electromagnets 53 in the exit aperture housing 47. The
electromagnets 51 are slidable in a radial direction so that when activated, they
may couple with, and seal against the attachment end 15 of the frame 13.
Alternative methods of coupling the frame 13 to the exit aperture housing 47 may
also be employed, including one or more mechanical latches, an inflatable
bladder, and the like.

Thus, an improved patient interface device for use with ophthalmic surgical
laser systems is disclosed. While embodiments of this invention have been shown
and described, it will be apparent to those skilled in the art that many more
modifications are possible without departing from the inventive concepts herein.
The invention, therefore, is not to be restricted except in the spirit of the following
claims.
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CLAIMS

1. A patient interface device adapted to provide an interface between a
cornea and a surgical laser system, the device comprising:

a frame having an applanation end and an attachment end, wherein the
attachment end is adapted to couple to the surgical laser system;

a skirt affixed to the applanation end of the frame, wherein the skirt is
adapted to seal against an anterior surface of the cornea to form a chamber;

a lens disposed near the applanation end of the frame; and

a flexible support affixing the lens to the frame.

2. The device of claim 1, wherein the attachment end comprises non-
perforated sidewalls.

3. The device of claim 1, wherein the sidewalls form a conical cavity.

4, The device of claim 1, wherein the applanation end of the frame
includes a vent port. ‘

5. The device of claim 1, wherein the flexible support comprises a
biological barrier.

6. The device of claim 1, wherein the flexible support is annular.

7. The device of claim 6, wherein the lens is centered on the annular
flexible support.

8. The device of claim 1, wherein the attachment end is adapted to

seal against the surgical laser system.

9. The device of claim 1, wherein the attachment end comprises a
ferromagnetic material.

10.  The device of claim 1 further comprising a vacuum pump in fluid
communication with the chamber.

11.  The device of claim 1, wherein the skirt is annular.

12. A patient interface device adapted to provide an interface between a
cornea and a surgical laser system, the device comprising:

a frame having an applanation end and an attachment end, wherein the
attachment end includes non-perforated sidewalls and the attachment end is

adapted to couple to and seal against the surgical laser system;
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a skirt affixed to the applanation end of the frame, wherein the skirt is
adapted to seal against an anterior surface of the cornea to form a chamber;

a lens disposed near the applanation end of the frame; and

a flexible biological barrier affixing the lens to the frame.

13.  The device of claim 12, wherein the sidewalls form a conical cavity.

14.  The device of claim 12, wherein the applanation end of the frame
includes a vent port.

15.  The device of claim 12, wherein the biological barrier is annular.

16. The device of claim 15, wherein the lens is centered upon the
annular biological barrier.

17. The device of claim 12, wherein the attachment end includes a
ferromagnetic material.

18.  The device of claim 12 further comprising a vacuum pump in fluid
communication with the chamber.

19.  The device of claim 12, wherein the skirt is annular.

20. A patient interface device adapted to provide an interface between a
cornea and a surgical laser system, the device comprising:

a frame having an applanation end and an attachment end, wherein the
attachment end includes non-perforated sidewalls forming a conical cavity, the
attachment end is adapted to couple to and seal against the surgical laser system,
and the applanation end includes at least one vent port;

an annular skirt affixed to the applanation end of the frame, wherein the
skirt is adapted to seal against an anterior surface of the cornea to form a
chamber;

a lens disposed near the applanation end of the frame;

an annular, flexible biological barrier affixing the lens to the frame, wherein
the lens is centered upon the biological barrier; and

a vacuum pump in fluid communication with the chamber.

21. The device of claim 20, wherein the attachment end includes a

ferromagnetic material.
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