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Description

Field of the Invention

[0001] The invention relates to an ophthalmic surgical
system including a disposable surgical microkeratome
and, more particularly, to an automated surgical system
for using such a device in laser-assisted in situ keratomi-
leusis (LASIK).

Background of the Invention

[0002] Ophthalmic surgeons increasingly use new sur-
gical methods and devices for changing the shape of a
patient’s cornea to correct vision defects, including my-
opia, hyperopia, and astigmatism. One such device is
called a microkeratome which is used, in particular, to
cut a corneal flap during performance of LASIK surgery.
Unfortunately, there are problems with some of the mi-
crokeratomes used in corrective eye surgery.
[0003] More particularly, many microkeratomes suffer
from one or more disadvantages including, for example,
the inability of the microkeratome automatically to cut
over a predetermined distance, the microkeratome being
made of surgical steel which prevents the surgeon from
viewing the cornea as the cutting blade advances, and/or
the microkeratome being made of many small metal com-
ponents which are expensive to produce and assemble.
The largest dimension of some microkeratomes is less
than about two inches (about five centimeters), meaning
that individual components are even smaller. Reassem-
bling such a microkeratome while wearing sterile gloves
is particularly difficult. A microkeratome having many
small components also is difficult, if not impossible, to
clean and sterilize between patients.
[0004] Furthermore, some microkeratomes have ex-
posed gears or screw threads which can become con-
taminated during the surgical operation. The small cre-
vasses in these elements are particularly difficult to main-
tain in a sterile and smooth working condition. Further-
more, sterility problems have been reported in the field,
making complete sterility of the components in the vicinity
of the patient more important than ever. Additional prob-
lems with some existing microkeratomes are discussed
in commonly owned U.S. Patent No. 6,228,099.
[0005] One of the better microkeratomes is disclosed
in commonly owned International Application No.
PCT/US98/24785, published as International Publication
No. WO99/26568. Although the microkeratome dis-
closed therein is a significant improvement over micro-
keratomes at the time, further improvements are desira-
ble.

Summary of the Invention

[0006] The present invention provides a system includ-
ing a microkeratome. that is a substantial improvement
over existing microkeratomes. According to the invention

the microkeratome is equipped with a handle that ena-
bles connection of the control cable to be effected at a
remote location, whereby the microkeratome can be con-
nected to the control cable while maintaining the portion
of the microkeratome in the vicinity of the patient’s eye
in a sterile condition. According to another aspect of the
invention, the microkeratome includes a base having a
main portion for engaging the eye and a hollow handle
extending from the main portion, the handle housing a
linkage that connects a control shaft to a cutting blade
movable relative to the base. The microkeratome may
include a biasing device for automatically retracting a car-
riage from an extended position to a retracted position.
[0007] The present invention provides a micro-
keratome that can be disposable, preassembled and pre-
sented in a sterile condition, and a control system that
can be reused indefinitely, resulting in greatly reduced
cost while providing a superior quality surgical operation.
[0008] In particular, the present invention provides a
microkeratome for ophthalmic surgery that includes a
base, a carriage mounted to the base, and a cutting blade
carried in the carriage. The base includes a main portion
for mounting on an eye and a handle extending from the
main portion to provide for remote connection of a control
cable to the microkeratome. The carriage is guided for
linear movement in a cutting direction relative to the base
and the cutting blade is movable relative to the carriage.
The aforementioned control cable has a control shaft.
The control cable is connectable to the handle of the mi-
crokeratome such that axial movement of the control
shaft effects the linear movement of the carriage along
the cutting direction, and rotational movement of the shaft
effects movement of the cutting blade relative to the car-
riage.
[0009] The present invention may be used in a method
for ophthalmic surgery that includes connecting a control
shaft to a microkeratome, axially shifting the control shaft
to effect movement of a carriage relative to a base on
which it is mounted, and rotating the control shaft to effect
movement of a cutting blade relative to the carriage in
which it is carried.
[0010] Such a method may further include applying the
microkeratome to an eye; and independently controlling
the movement of the carriage relative to the base and
the movement of cutting blade relative to the carriage,
disposing of a first microkeratome following a first oper-
ation and selecting a second microkeratome for a sub-
sequent operation and/or driving the carriage in a forward
direction from a retracted position to an extended position
and retracting the carriage from the extended position to
the retracted position.
[0011] The present invention also provides a system
for ophthalmic surgery comprising means for driving a
cutting blade for movement, means for supporting the
cutting blade relative to an eye, and control means for
controlling the means for driving. The control means in-
cludes a control cable having a control shaft movable
within a sheath, and the means for supporting includes

1 2 



EP 1 891 916 B1

3

5

10

15

20

25

30

35

40

45

50

55

a main portion mountable in the vicinity of an eye and a
handle extending from the main portion. The control ca-
ble is connectable to the handle, and the control shaft is
connectable to the cutting blade such that movement of
the control shaft effects movement of the cutting blade.
[0012] The present invention further provides a micro-
keratome for ophthalmic surgery comprising a base, a
carriage mounted to the base, and a cutting blade carried
in the carriage. The base has a proximal end for engaging
an eye and a handle extending away from the proximal
end and terminating at a coupling to which at least one
control cable having at least one shaft can be connected.
The handle houses a linkage extending between the cou-
pling and the carriage for transferring motion from the at
least one control shaft to the carriage.
[0013] A preferred embodiment of the present inven-
tion further provides a microkeratome for ophthalmic sur-
gery wherein the carriage is guided for movement in a
cutting direction relative to the base between a retracted
position and an extended position and the cutting blade
is movable relative to the carriage. The base has asso-
ciated therewith a biasing member operating to bias the
carriage toward the retracted position.
[0014] The microkeratome may further have a hollow
handle extending away from the main portion, the biasing
member being housed within the handle.
[0015] The present invention preferably also provides
a microkeratome for ophthalmic surgery, wherein the
base includes a coupling that includes a first connector
for securing the sheath of a control cable and a second
connector configured to axially and rotatably intercon-
nect with the end of the control shaft.
[0016] The second connector may also be configured
to axially and transversely interconnect with the end of
the control shaft.
[0017] Thus, the present invention provides an im-
proved system, and microkeratome for ophthalmic sur-
gery. The microkeratome provided by the present inven-
tion can be quickly and easily connected to remote drive
using a single control cable. The control cable rotates
and moves axially within and relative to a sheath without
using any gears or other complex components in the mi-
crokeratome, thereby minimizing complexity, enhancing
the reliability, durability and sterilizable aspects of the
microkeratome. This also leads to a microkeratome that
is relatively inexpensive to manufacture, allowing the ,
microkeratome to be disposable. In addition, since the
drive is located remotely from the microkeratome, it main-
tains a sterile condition more readily and is reusable.
[0018] The foregoing and other features of the inven-
tion are hereinafter fully described and particularly point-
ed out in the claims, the following description and an-
nexed drawings setting forth in detail a certain illustrative
embodiment of the invention, this embodiment being in-
dicative, however, of but one of the various ways in which
the principles of the invention may be employed.

Brief Description of the Drawings

[0019]

Fig. 1 is a schematic view of the ophthalmic surgical
system according to the present invention.
Fig. 2 is a schematic illustration of a microkeratome
for use in the system shown in Fig. 1.
Figs. 3a and 3b are top and side views, respectively,
of a main portion of a base for the microkeratome
shown in Fig. 2.
Figs. 4a and 4b are top and cross-sectional side
views, respectively, of an alternative to the main por-
tion of the base of Figs. 3a and 3b, Fig. 4b being a
cross-sectional side view as seen along lines 4b-4b
of Fig. 4a.
Figs. 5a and 5c are rear and bottom views, respec-
tively, of a carriage portion of the microkeratome
shown in Fig. 2, with Fig. 5b being a cross-sectional
view as seen along lines 5b-5b of Fig. 5a.
Figs. 6a - 6d are front, top, side, and rear views,
respectively, of a blade holder of the microkeratome
shown in Fig. 2.
Figs. 7a and 7b are top and rear views, respectively,
of a wedge for use in the microkeratome shown in
Fig. 2 and Fig. 7c is a cross-sectional view of the
wedge as seen along lines 7c-7c in Fig. 7a.
Fig. 8 is a partial enlarged side view of a micro-
keratome and a forward end of a drive shaft thereof
removed therefrom.
Fig. 9 is a partial enlarged side view of the micro-
keratome shown in Fig. 2 in a retracted position.
Fig. 10 is a partial enlarged side view of the micro-
keratome shown in Fig. 2 in an advanced position.
Fig. 11 is a partial cut away side view of an extended
portion of a base of the microkeratome of Fig. 2.
Fig. 12 is a partial cut away side view of an alternative
embodiment of the base.
Fig. 13 and 13a are partial views of a handle portion
of the base and a connector for connecting the base
to the control cable.
Figs. 14a and 14b illustrate an alternative connection
between the base and the control cable.
Figs. 15a -15d show sequential steps in connecting
yet another connection between the base and the
control cable.

Detailed Description

[0020] The present invention provides a system using
a disposable microkeratome that facilitates the perform-
ance of corrective refractive ophthalmic surgery, partic-
ularly keratomileusis, and more particularly laser-assist-
ed in situ keratomileusis (LASIK). Referring now to the
drawings in detail, and initially to Fig. 1, the ophthalmic
surgical system 20 includes a disposable surgical micro-
keratome 22 and a remotely located control assembly
24. The control assembly includes a flexible suction line
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or tube 26 and at least one (preferably only one) control
cable 28. The suction tube and the control cable connect
the control assembly to the microkeratome for remotely
controlling and driving the microkeratome. (As described
herein, the term "microkeratome" is used to describe the
complete device between the control cable and/or the
suction tube and the patient.)
[0021] The control assembly 24 is substantially con-
tained within a housing 32 and includes a drive assembly
34, a suction pump 36, and a controller 38. The controller
38 can include an electronic circuit for controlling the op-
eration of the drive assembly and the pump. The control
assembly also has one or more input devices 40 con-
nected to the controller, such as a touch screen, an
ON/OFF switch, a suction pedal or switch, a two-position
drive pedal or switch, and/or a flap length adjustment
selector, also referred to as a flap hinge positioning sys-
tem. The one or more input devices permit the surgeon
to control several variables in the operation of the system
20, as further described herein. For more detail concern-
ing the operation of an exemplary control assembly, ref-
erence may be had to commonly owned International
Application No. PCT/US98/24785, filed November 20,
1998 (published as International Publication No.
WO99/26568 on June 3, 1999).
[0022] The drive assembly 34 is substantially similar
to the drive assembly disclosed in the aforementioned
International Publication No. WO99/26568, with the ex-
ception that the rotary and axial cables in the aforemen-
tioned publication have been replaced in the illustrated
system with a single control cable that transmits both
rotational and axial motion to the microkeratome. The
drive assembly 34 includes a linear drive motor 60 con-
nected to slide member 62 by a rack 64 and pinion 66,
for example, for moving the slide member through a
range of linear motion corresponding to the desired cut
length. The slide member is mounted on a pair of parallel
rods 72 that act as slide guides for directing or guiding
the linear motion of the slide member 62. A rotary drive
motor 70 is carried on the slide member for movement
therewith. A control cable 28 having a control shaft 76 is
connected to the rotary motor 70. Because the rotary
drive motor 70 is mounted on the slide member 62, the
drive shaft can simultaneously transfer rotational motion
(created by the rotary drive motor) and linear axial motion
(created by the linear drive motor through the slide mem-
ber) to the microkeratome.
[0023] The control shaft 76 is disposed in a flexible
sheath 78 and the shaft and the sheath together form the
control cable 28. Consequently, the control cable con-
nects the rotary drive motor 70 and the axial drive motor
60 (through the slide member 62) to the microkeratome
22. The control shaft rotates and/or moves axially within
the sheath 70 as the slide member 62 moves through its
range of motion.
[0024] The control shaft 76 may have a monocoil, dou-
ble wound or triple wound construction over a central
wire or mandrel with the winds pitched in opposite direc-

tions to provide torsional rigidity. The triple wound con-
struction provides bidirectional properties as well as flex-
ibility for increased endurance life of the shaft, as com-
pared to a monocoil or double wound construction. The
torsional stiffness of the triple wound construction gen-
erally is equivalent to or greater than the double wound
construction but its flexural stiffness generally is less than
about half that of the double wound construction. How-
ever, this is desirable because the shaft may rotate in a
relatively sharp bend at high speed. The control shaft
can be made of stainless steel due to the strength and
endurance limit of stainless steel. Furthermore, the ex-
emplary control shaft is coated with a thin wall shrink
tubing in order to provide a smooth surface to minimize
or eliminate vibration. The inside of the sheath 78 may
be coated with a material, such as polytetrafluoroethyl-
ene (PTFE), to reduce friction between the sheath and
the shaft. Alternatively, the entire sheath may be formed
of PTFE. The control shaft is designed to rotate at speeds
up to 20,000 revolutions per minute and to provide the
necessary torque to drive the microkeratome 22.
[0025] An enlarged view of the microkeratome 22 is
shown in Fig. 2 and includes a base 90 for mounting the
microkeratome on the eye of a patient, a carriage 92
mounted to the base for movement relative to the base,
and a cutting blade 94 carried in the carriage. The base
includes a main portion and an extension at one end that
synergistically provides a handle 96 for holding the mi-
crokeratome. The handle holds and guides a control shaft
(Fig. 11) that is connected to the carriage for movement
therewith. The distal or terminal end of the handle is con-
nectable to the control cable 28 for transferring the motion
from the remotely located drive assembly 34 to the cutting
blade. The handle includes few, simple components, is
disposable as part of the microkeratome, and can be pre-
assembled and connected to the base and the carriage.
The handle can be cast or molded as a single piece and
may be formed as a unitary part of the base.
[0026] As shown in Figs. 3a and 3b, the main portion
of the base 90 has a substantially flat top surface 100 on
which the carriage 92 (Fig. 2) rests. Extending from the
top surface, the base includes a pair of spaced apart
parallel guides 102. The guides generally have an invert-
ed L-shape and oppose each other to cooperatively form
a track or guideway. The guides cooperate with the car-
riage to restrain and guide the carriage for linear move-
ment along the base in a cutting direction parallel to the
length of the guides. The track also functions to hold the
carriage to the top surface of the base against any sig-
nificant separation therefrom, thereby maintaining the
carriage in stable sliding engagement with the top surface
of the base.
[0027] At a front end 104 of the base 90 opposite the
handle 96 and between the guides 102, a generally cir-
cular opening 106 is provided for receiving a cornea
therethrough. The opening communicates through the
top surface (and actually top wall) of the base to a sub-
stantially cylindrical suction chamber 107 provided at the
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underside of the base. The chamber is formed in part by
a cylindrical suction ring 108 which depends from the top
wall of the base and generally is larger than the opening
in the base. The suction ring and the opening are adapted
for engaging and sealing against the surface of an eye
to provide an air tight enclosed space therebetween, or
are otherwise configured to form a tight seal with the eye
so that a partial vacuum can be drawn to hold the base
to the eye. The base 90 also is designed such that when
suction is applied to the suction chamber 107, the cornea
protrudes through the opening and above the top surface
100 of the base.
[0028] As an alternative to the illustrated suction ring,
the suction ring may be formed of one or more circum-
ferentially arranged suction devices that hold the micro-
keratome in a stable relation to the eye.
[0029] The base 90 has extending upwardly at the for-
ward end thereof a fixture (or fitting) 110. The illustrated
fixture is angled away from the opening 94 to provide an
unobstructed view of the cornea. The fixture acts as a
suction pipe for attachment of the suction tube 26 (Fig.
1) to the base. The opposite end of the suction tube is
connected to the suction pump 36 (Fig. 1). The fitting has
a passage 112 extending therethrough to the suction
chamber 107. The pump and the tube supply suction to
the suction chamber to pump air out of the chamber to
create a partial vacuum that retains the base 90 in a stable
and fixed position relative to the eye.
[0030] The surgeon can use the handle 96 to facilitate
positioning the microkeratome on an eye and to hold the
microkeratome 22 in place until a partial vacuum is drawn
in the suction chamber 107. Consequently, the handle
must extend sufficiently for an adult surgeon to place two
fingers and a thumb on the handle, and more preferably
extends at least about 2 inches (about 5 cm), at least
about 3 inches (about 7.6 cm), at least about 4 inches
(about 10 cm) or more. Referring briefly to Fig. 1, the
suction tube 26 can advantageously be retained adjacent
the handle with a clip 114 to help keep the suction tube
out of the way during the operation.
[0031] As an alternative to the base 90 shown in Figs.
3a and 3b, the fixture may be rotated to an alternate po-
sition to move the suction tube 26 (Fig. 1) further out of
the way, for example as shown in the embodiment illus-
trated in Figs. 4a and 4b. In this embodiment, the base
90’ is substantially similar to the base 90 shown in Figs.
3a and 3b, and thus like elements will be identified with
like reference numbers. In this embodiment, the base 90’
includes a fixture 115 which is solid, but omitting a pas-
sage therethrough to the suction chamber 107. A sepa-
rate suction pipe 116 is formed in the base with a passage
118 extending from the suction chamber toward a rear
end of the base and toward the handle 96 (Fig. 2), away
from the fixture. This allows the suction tube to be run
underneath the top surface 100 of the base, thereby sub-
stantially eliminating any opportunity for the suction tube
to obscure the surgeon’s view of the operation.
[0032] Referring now to Figs. 5a-5c, the carriage 92

(Fig. 2) includes a cutting head 120 which is substantially
similar to the cutting assembly disclosed in the aforemen-
tioned international patent publication. A pair of parallel
guide rails 122 extend from the sides of the cutting head
to cooperatively engage the guides 102 (Fig. 3a) on the
base 90 (Fig. 3a).
[0033] The cutting head 120 has formed therein a sub-
stantially vertical slot 124 that opens from an angled
blade guide surface 126 underneath the cutting head.
The slot sliding receives and guides a blade holder 128
(Fig. 6a) for transverse reciprocating movement therein.
The width of the slot is transverse to the direction of the
motion of the carriage 92 (Fig. 2) and is wider in the trans-
verse direction than the blade holder to permit the blade
holder to oscillate within the slot. The transverse oscilla-
tion of the blade holder creates a transverse oscillation
of the cutting blade 94 (Fig. 2) which is connected to the
blade holder as described below.
[0034] The blade holder 128 is illustrated in Figs. 6a-
6d. The blade holder has a protrusion 132 which closely
fits through an opening in the cutting blade 94 (Fig. 2).
The blade holder also includes a vertical slot 134 which
is perpendicular to the width of the blade holder. When
the blade holder is assembled in the cutting head 120
(Fig. 3a) the slot 134 is aligned with a substantially hor-
izontal opening or passage 150 (Figs. 6a-6c) in the cut-
ting head. The passage generally is perpendicular to the
slot in the blade holder. Note that the protrusion is angled
from the body of the blade holder to extend substantially
perpendicularly to the blade guide surface 126 (Fig. 5b)
and the cutting blade 94 (Fig. 2) in the illustrated embod-
iment.
[0035] The cutting blade 94 (Fig. 2) is held between
the angled blade guide surface 126 of the cutting head
120 (Fig. 3a) and a parallel angled top surface of a wedge
130. The wedge is illustrated in Figs. 7a-7c and supports
the cutting blade and the blade holder 128 (Fig. 5a) in
the carriage 92 (Fig. 2). The wedge has an approximately
triangular cross-section with a thinner portion facing for-
ward. The angled top surface 136 supports the cutting
blade as it oscillates with the blade holder. The wedge
also includes a transverse recess 140 in the top surface
thereof that receives a portion of the protrusion 132 (Fig.
6c) of the blade holder that extends beyond the cutting
blade. When the wedge is assembled in the carriage the
recess extends substantially coextensively with the ver-
tical slot 124 (Fig. 5b) in the cutting head 120 (Fig. 5b)
that receives the blade holder.
[0036] The wedge also includes at least one protrusion
142, extending from a top surface. The protrusion is
adapted to be press fit or otherwise secured in corre-
sponding recesses 144 (Fig. 5c) in the underside of the
cutting head. The recesses cooperate with the protru-
sions to locate and hold the wedge in place. The wedge
locks the cutting blade and the blade holder in the cutting
head while allowing the cutting blade and the blade holder
to oscillate therebetween. Although the nature of the fit
should hold the wedge in place, a surgical adhesive or
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medical grade epoxy may be used to ensure that the
wedge remains in place. Alternative means for positively
locating the wedge relative to the carriage and locking it
in place may be used as well, or in the alternative.
[0037] The carriage (except the cutting blade) and at
least the main portion of the base may be composed of
transparent materials, such as a transparent molded
plastic, to maximize the surgeon’s view of the operation.
[0038] Referring briefly back to Figs. 3a and 3b, the
base 90 has at a back end thereof one or more openings
146 for fixing the handle 96 thereto by suitable means,
such as one or more anchor clips 148 integrally formed
in the handle. Any suitable method of attachment may
be used, including the illustrated clips which snap into
position when pressed into the corresponding openings,
as shown more clearly in Figs. 8-11. As a result, the han-
dle also functions, along with the fixture 110 to retain the
carriage 92 (Fig. 2) between the guides 102 and prevent
the carriage from disengaging the guides and the base.
As noted above, the handle may alternatively be formed
as a unitary piece of the base.
[0039] As shown in Fig. 2, the handle 96 is connected
to both the base 90 and the carriage 92 through a linkage
149. A forward portion of the microkeratome 22 has been
enlarged in Figs. 8-10 to better illustrate the connection
between the handle, the base and the carriage, and thus
only a portion of the handle is shown.
[0040] At a forward end of the handle 96, a drive shaft
152 extends therefrom and is connected to the carriage
92. The drive shaft is removed from the microkeratome
22 in Fig. 8 to more clearly illustrate its shape. The drive
shaft has a fitting 154 on a proximal end thereof, from
which an eccentric 156 extends. The fitting passes
through the horizontal passage 150 in the carriage to
extend the eccentric into the slot 124 in the cutting head
120 to engage the vertical slot 134 in the blade holder
128. The fitting also has a distended portion 158 which
has a greater thickness than the rest of the fitting and the
drive shaft. The cutting head has a corresponding annu-
lar recess 160 in the passage 150. The fitting can be
press fit into the passage until the distended portion of
the fitting snaps or locks the fitting into the annular recess,
thereby securing the fitting in the carriage such that it can
freely rotate while providing a positive connection be-
tween the drive shaft and the carriage for advancing and
retracting the carriage along the base 90. Alternative
means for connecting the drive shaft to the carriage may
be used, including a bayonet coupling, for example. How-
ever, the illustrated method requires fewer parts and is
faster and less expensive to assemble.
[0041] In connecting the handle 96 to the base 90 and
the carriage 92, the carriage generally is advanced to-
ward the forward end 104 of the base toward its distal
portion, and the drive shaft 152 is extended from the for-
ward or proximal end of the handle to snap the fitting 154
thereon into the passage 150 in the carriage. The anchor
clips 148 on the handle are then snapped into the open-
ings 146 (Fig. 3a) in the base, as shown in Fig. 10. The

drive shaft can then be retracted to move the carriage
toward its proximal position at the rear of the base, as
shown in Fig. 9. The assembly of the microkeratome 22
is thus complete.
[0042] An assembled microkeratome 22 is shown in
Fig. 11. As can be seen, the drive shaft 152 generally is
enclosed within the hollow handle 96, which can be
formed economically of a molded plastic material. The
drive shaft can be a flexible shaft, similar to the control
shaft 76 (Fig. 1) of the control cable 28, or it can be formed
of a solid rod or bar, such as a metal rod. The fitting 154
(Fig. 8) at the forward end of the drive shaft can be formed
of a metal or other material which can be economically
formed into the desired shape to perform the intended
function of positively engaging the carriage 92 and trans-
mitting rotational motion as well as forward and reverse
motion to the carriage.
[0043] As shown in Fig. 11, the drive shaft 152 may
include an annular flange 162 at an intermediate point
along the length of the shaft. The flange is shown resting
against a forward side of a retaining wall (or retaining
members) 164 extending into the interior of the handle
96. From the annular flange, the drive shaft extends
through a compression spring 166, such as a nylon
spring, and a forward wall 168 in the handle. The flange,
the forward and retaining walls, and the spring cooperate
to form an automatic return device 169 or biasing ele-
ment. The spring acts on the flange to resist forward
movement of the drive shaft and biases the flange toward
the retaining wall when insufficient force is applied to the
drive shaft to overcome the spring force. As a result, the
microkeratome 22 having such a handle automatically
retracts the drive shaft and the carriage from its extended
position to its retracted position under the influence of
the spring at the end of the cutting operation when the
forward power is reduced. Automatic retraction is partic-
ularly advantageous when there is a loss of power to the
system.
[0044] An alternative embodiment of an automatic re-
turn device is illustrated in Fig. 12, where angled wall
portions 170 extend into the interior of the handle 96. The
wall portions function as spring-like members which si-
multaneously resist the passage of the annular flange
162 on the drive shaft 152 toward the forward end of the
handle and automatically retract the drive shaft and the
carriage 92 in the event of a loss of power. Consequently,
in this embodiment the wall portions 170 combine the
functions of the compression spring 166 and the retaining
wall 164 in the embodiment shown in Fig. 11
[0045] In either embodiment, the drive shaft 152 trans-
mits the rotational and axial motion of the control shaft
76 from the control cable 28 to the carriage 92. The con-
trol cable is connected to the rear of the handle 96. Any
means for connecting the control cable to the drive shaft
is acceptable, as long as it provides a positive connection
for the transmission of rotational motion and both forward
and reverse axial motion.
[0046] One type of connection is shown in the embod-
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iments illustrated in Figs. 11, and 13a-14b, for example.
The sheath 78 of the control cable 28 is held in a fitting
172 on the end thereof and through which the control
shaft 76 passes. The end of the fitting abuts the rear end
of the handle 96 and is attached thereto by a bayonet
coupling 176, for example, held in place by another spring
178. The control shaft passes through the fitting and the
spring into the handle where it abuts and engages the
rear end of the drive shaft 152. The positive contact be-
tween the control shaft and the drive shaft permits the
drive shaft to transmit forward axial motion of the control
shaft to the carriage, with the automatic return device
169 biasing the drive shaft toward the control shaft to
provide reverse axial motion of the drive shaft and re-
traction of the carriage 92.
[0047] In Figs. 13a and 13b, one configuration is
shown for transferring rotational motion from the control
shaft 76 to the drive shaft 152. In this embodiment, the
control shaft has a fitting or key 180 on an end thereof
with an eccentric 182 which mates with a semi-circular
slot 184 in a corresponding fitting 186 on the rear end of
the drive shaft. The slot 184 can be larger than the ec-
centric 182 to facilitate locating the eccentric therein.
Since the control shaft generally only rotates in one di-
rection, a loose fit can be utilized between the eccentric
and the slot. Another embodiment is illustrated in Figs.
14a and 14b, wherein the fitting 188 on the control shaft
and the fitting 190 on the drive shaft have male/female
faces which mate together to provide a positive interlock
for transferring rotational motion. However, both of these
embodiments require the use of an automatic return de-
vice, such as those described above with respect to Figs.
11 and 12.
[0048] An alternative means for connecting the control
cable 28 to the microkeratome 22 (Fig. 11) is illustrated
in Figs. 15a-15d. This type of connection does not require
internal components in the handle 96 other than the drive
shaft 152, and does not require the drive shaft to have
an intermediate flange, thereby reducing manufacturing
costs, while at the same time improving the reliability of
the system and providing positive control over the return
motion of the carriage 92 (Fig. 11). In this embodiment
fittings 192, 194 on the drive shaft and the control shaft,
respectively, partially axially and transversely overlap
and interlock to advantageously provide positive transfer
of rotational motion as well as both forward and reverse
axial motion.
[0049] In this embodiment the sheath 78 of the control
cable 28 is swaged into a cylindrical fitting 196 through
which the control shaft 76 extends. The distal end of the
fitting has an annular flange 198 which retains a threaded
nut 200 which fits over the fitting and the sheath. The nut
is retracted, as shown in Figs. 15a and 15b, for the con-
nection of the control shaft fitting 194 to the drive shaft
fitting 192. The fitting on the drive shaft protrudes from
the handle 96 and has a shape which partially overlaps
and mates with the fitting on the control shaft. The control
shaft can be extended to push the drive shaft into the

handle and to draw the sheath fitting 196 toward the han-
dle.
[0050] A portion 202 of the rear end of the handle 96
also is threaded, or includes a threaded part mounted
thereto, which mates with the threaded nut 200 on the
control cable. Once the control shaft 76 and the drive
shaft 152 are connected, the control shaft is advanced
to move the sheath fitting 196 and the nut into engage-
ment with the rear end of the handle, and the threaded
parts are screwed together, as shown in Fig. 15c, to se-
cure the sheath to the handle and to lock the shafts to-
gether. The control shaft can then be retracted to posi-
tively retract the drive shaft along with it, as shown in Fig.
15d.
[0051] Referring now to Figs. 9 and 10 as well, in order
to remotely drive the carriage 92 relative to the base 90
(Fig. 1), the control cable 28 (Fig. 1) relies on relative
movement between the control shaft 76 and the sheath
78, with no resulting change in the displacement of the
end of the sheath from the base of the microkeratome
22 as the control shaft moves axially within the sheath.
In this embodiment, the sheath is held in the fitting, which
is positively secured to the rear end of the handle, which
in turn is connected to the base. As a result, forward and
reverse axial motions of the control shaft moving through
the sheath results in forward and reverse motion of the
drive shaft and the carriage without the necessity for any
gears or rotational motion on the part of the control shaft
to effect movement of the carriage 92 relative to the base
90 (Fig. 1).
[0052] In addition, the rotational motion of the control
shaft 76 is transmitted to the carriage 92 (Fig. 11) by the
drive shaft 152 where the cutting head 120 (Fig. 5b), the
blade holder 128 (Fig. 6c), and the wedge 130 (Fig. 7a)
cooperate to transform the rotational motion into an os-
cillating motion for driving the cutting blade 94 (Fig. 2) in
an oscillating side-to-side motion.
[0053] The surgeon or other member of the surgical
staff will select the optimum microkeratome from a plu-
rality of microkeratomes, with different microkeratomes
providing different size openings in the base and/or pro-
viding for different depths of cut. The different micro-
keratomes are useful for accomodating different size
eyes and different depths of cut relative to the different
size eyes. The microkeratome comes preassembled and
requires no assembly in the operating room. Someone
from the surgical staff removes the packaging and con-
nects the microkeratome to the control assembly. The
assembler generally double-gloves to maintain sterility,
removing one set of gloves after touching reusable com-
ponents of the control assembly. A new, and sterile, suc-
tion tube is connected to the fixture and the suction pump,
and the control cable is connected to the handle of the
microkeratome. The microkeratome can be handed to
the surgeon and the surgeon can position the micro-
keratome on the eye by holding the handle without con-
tacting any other component of the system. Operation of
the microkeratome is substantially automatic and pro-
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ceeds in substantially the same manner as the operation
of the microkeratome described in the aforementioned
Published Application No. WO 99/26568. The surgeon
can control the microkeratome with foot pedals, without
touching the control assembly with his hands, further
maintaining sterility. Once the operation is complete, the
microkeratome can be disconnected from the control as-
sembly and discarded. A new microkeratome is selected
for a subsequent operation.
[0054] The control assembly includes components
that are expensive to produce and are intended to be
reused for surgery on many patients, whereas the micro-
keratome includes relatively inexpensive components
and is intended to be used for a single eye of a single
patient and then discarded. Because the control assem-
bly is removed from the patient and thus away from the
surgical area, contamination of the control assembly by
the patient and vice versa, is minimized or prevented.
[0055] Although the present invention has been de-
scribed with reference to an embodiment that uses a sin-
gle cable, the invention also includes a microkeratome
having a handle for connecting more than one cable. For
example, the invention includes a microkeratome con-
nectable to a first cable used to control movement of the
blade relative to the carriage and a second cable used
to control movement of the carriage relative to the base.
[0056] An exemplary microkeratome is formed prima-
rily of a few molded plastic parts that are easy to manu-
facture and assemble such that the microkeratome is in-
expensive to produce. Consequently the microkeratome
may be considered disposable, thereby obviating prob-
lems of cleaning and sterilizing the microkeratome be-
tween patients. The microkeratome is provided com-
pletely assembled, sterilized, and ready for use. Since
only the microkeratome comes into contact with the pa-
tient, the microkeratome does not require extensive as-
sembly by the surgical staff immediately prior to surgery,
and the microkeratome is only used once, the surgical
area is more easily and more effectively maintained in a
clean and sterile condition. Maintaining such a high de-
gree of confidence in the sterility of a microkeratome has
been a problem for which the present invention provides
an improved solution.
[0057] In summary, since the axial and rotary motors
are independently controllable, the system can inde-
pendently control the oscillation and speed of advance
of the cutting blade. The system of the present invention
also advantageously uses a single control cable to drive
the microkeratome. In addition, the microkeratome in-
cludes a handle that facilitates a quick connection be-
tween the carriage and the control cable at a location
remote from the main portion of the base, and thus the
patient’s eye. The present invention preferably also pro-
vides a microkeratome having means for automatically
retracting the cutting blade, a particular advantage in the
event of a sudden loss of power. The present invention
clearly provides significant improvements over the prior
art.

[0058] Although the invention has been shown and de-
scribed with respect to certain illustrated embodiments,
equivalent alterations and modifications will occur to oth-
ers skilled in the art upon reading and understanding the
specification and the annexed drawings. In particular re-
gard to the various functions performed by the above
described integers (components, assemblies, devices,
compositions, etc.), the terms (including a reference to
a "means") used to describe such integers are intended
to correspond, unless otherwise indicated, to any integer
which performs the specified function (i.e., that is func-
tionally equivalent), even though not structurally equiva-
lent to the disclosed structure which performs the function
in the herein illustrated embodiments of the invention. In
addition, while a particular feature of the invention may
have been described above with respect to only one of
several illustrated embodiments, such a feature may be
combined with one or more other features of the other
embodiment, as maybe desired and advantageous for
any given or particular application.

Claims

1. A system (20) for ophthalmic surgery comprising:

a cutting blade (94);
means for driving (34) the cutting blade (94) for
movement;
means for supporting (90 and 92) the cutting
blade (94) relative to an eye;
and
means for controlling (38) the means for driving
(34),
where the means for driving (34) includes a con-
trol cable (28) having a control shaft (76) mov-
able within a sheath (78), the means for support-
ing (90 and 92) includes a main portion (90)
mountable in the vicinity of an eye and a handle
(96) extending from the main portion (90), the
control cable (28) is connectable to the handle
(96), and the control shaft (76) is connectable
to the cutting blade (94) such that movement of
the control shaft (76) effects movement of the
cutting blade (94).

2. A system (20) as set forth in claim 1, wherein the
means for supporting the cutting blade supports the
cutting blade for movement in a cutting direction and
in a direction transverse the cutting direction, where-
by axial movement of the control shaft effects the
movement of the cutting blade in the cutting direction
and rotational movement of the control shaft effects
the movement of the cutting blade in the transverse
direction.

3. A system (20) as set forth in any of claims 1 and 2,
wherein the handle has a coupling for connection to
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the control cable.

4. A system (20) as set forth in claim 3, wherein the
coupling includes a first connector for securing the
sheath of the control cable to the means for support-
ing and a second connector configured to axially and
rotatably interconnect with the end of the control
shaft.

5. A system (20) as set forth in claim 4, wherein the
second connector is configured to axially and trans-
versely interconnect with the end of the control shaft.

6. A system (20) as set forth in any preceding claim,
wherein the cutting blade is movable between a re-
tracted position and an extended position, and a bi-
asing member biases the cutting blade toward the
retracted position.

7. A system (20) as set forth in claim 1, wherein the
means for supporting includes a carriage movable
with the cutting blade in the cutting direction relative
to the main portion, the carriage having a proximal
position located at a proximal end of the handle, and
the handle having a coupling at its remote end for
connection to the control cable.

8. A system (20) as set forth in claim 7, wherein the
handle has housed therein a linkage extending be-
tween the coupling and the carriage for transferring
motion from the control shaft of the cable to the car-
riage.

9. A system (20) as set forth in any preceding claim,
further comprising a plurality of means for support-
ing, each of which accommodates a different size
eye or provides for a different depth of cut.

10. A system (20) as set forth in any preceding claim,
wherein the means for driving includes a slide mem-
ber movable through a range of linear motion by an
axial motor and a rotary motor mounted on the slide
member for movement therewith, wherein the rotary
motor is connected to the control shaft.

11. A microkeratome for ophthalmic surgery comprising
a base (90) a carriage (92) mounted to the base, and
a cutting blade (94) carried in the carriage, the car-
riage being guided for movement in a cutting direc-
tion relative to the base and the cutting blade being
movable relative to the carriage, the base having a
proximal end for engaging an eye and a handle (96)
extending away from the proximal end and terminat-
ing at a coupling to which at least one control cable
(28) having at least one shaft (78) can be connected,
and the handle housing a linkage (152) extending
between the coupling and the carriage for transfer-
ring motion from the at least one control shaft to the

carriage.

Patentansprüche

1. Ein System (20) für ophtalmische Chirurgie, mit:

einer Schneidklinge (94),
einem Mittel zum Antreiben (34) der Schneid-
klinge (94) für eine Bewegung,
einem Mittel zum Halten (90 und 92) der
Schneidklinge (94) relativ zu einem Auge, und
einem Mittel zum Steuern (38) des Mittels zum
Antreiben (34),
wobei das Mittel zum Antreiben (34) ein Steu-
erkabel (28) mit einer Steuerwelle (76), welche
in einer Umhüllung (78) bewegbar ist, umfasst,
wobei das Mittel zum Halten (90 und 92) einen
Hauptabschnitt (90), der in der Nähe eines Au-
ges anbringbar ist, und einen Handgriff (96), der
sich von dem Hauptabschnitt (90) erstreckt, um-
fasst, wobei das Steuerkabel (28) mit dem
Handgriff (96) verbindbar ist, und die Steuerwel-
le (76) mit der Schneidklinge (94) so verbindbar
ist, dass eine Bewegung der Steuerwelle (76)
die Bewegung der Schneidklinge (94) bewirkt.

2. Ein System (20) gemäß Anspruch 1, wobei das Mittel
zum Halten der Schneidklinge die Schneidklinge für
eine Bewegung in einer Schneidrichtung und in einer
Richtung quer zur Schneidrichtung hält, wodurch ei-
ne axiale Bewegung der Steuerwelle die Bewegung
der Schneidklinge in der Schneidrichtung bewirkt
und eine Rotationsbewegung der Schneidwelle die
Bewegung der Schneidklinge in der Querrichtung
bewirkt.

3. Ein System (20) gemäß einem der Ansprüche 1 und
2, wobei der Handgriff eine Kupplung zur Verbindung
mit dem Steuerkabel aufweist.

4. Ein System (20) gemäß Anspruch 3, wobei die Kupp-
lung einen ersten Verbinder zum Sichern der Um-
hüllung des Steuerkabels an dem Mittel zum Halten
und einen zweiten Verbinder, der zum axialen und
drehbaren Verbinden mit dem Ende der Steuerwelle
konfiguriert ist, umfasst.

5. Ein System (20) gemäß Anspruch 4, wobei der zwei-
te Verbinder zum axialen und transversalen Verbin-
den mit dem Ende der Steuerwelle konfiguriert ist.

6. Ein System (20) gemäß einem vorstehenden An-
spruch, wobei die Schneidklinge zwischen einer zu-
rückgezogenen Position und einer ausgestreckten
Position bewegbar ist, und ein Vorbelastungsele-
ment die Schneidklinge zu der zurückgezogenen
Position vorbelastet.
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7. Ein System (20) gemäß Anspruch 1, wobei das Mittel
zum Halten einen Schlitten umfasst, der mit der
Schneidklinge in der Schneidrichtung relativ zu dem
Hauptabschnitt bewegbar ist, wobei der Schlitten ei-
ne proximale Position besitzt, die an einem proxima-
len Ende des Handgriffs gelegen ist, und der Hand-
griff eine Kupplung an seinem entfernten Ende zur
Verbindung mit dem Steuerkabel besitzt.

8. Ein System (20) gemäß Anspruch 7, wobei der
Handgriff darin aufgenommen ein Verbindungsglied
besitzt, das sich zwischen der Kupplung und dem
Schlitten zum Übertragen einer Bewegung von der
Steuerwelle des Kabels auf den Schlitten erstreckt.

9. Ein System (20) gemäß einem vorstehenden An-
spruch, ferner mit mehreren Mitteln zum Halten, von
denen jedes an ein unterschiedlich dimensioniertes
Auge angepasst ist oder für eine unterschiedliche
Schnitttiefe bietet.

10. Ein System (20) gemäß einem vorstehenden An-
spruch, wobei das Mittel zum Antreiben ein Gleitele-
ment besitzt, das über einen Bereich einer Linear-
bewegung durch einen Axialmotor und einen Dreh-
motor bewegbar ist, der bzw. die an dem Gleitele-
ment zur Bewegung mit diesem angebracht ist bzw.
sind, wobei der Drehmotor mit der Steuerwelle ver-
bunden ist.

11. Ein Mikrokeratom für ophtalmische Chirurgie, mit ei-
ner Basis (90), einem auf der Basis angebrachten
Schlitten (92) und einer Schneidklinge (94), die in/an
dem Schlitten getragen ist, wobei der Schlitten für
eine Bewegung in eine Schneidrichtung in Bezug
auf die Basis geführt ist und die Schneidklinge in
Bezug auf den Schlitten bewegbar ist, wobei die Ba-
sis ein proximales Ende zum Eingriff mit einem Auge
und einen Handgriff (96) besitzt, welcher sich von
dem proximalen Ende weg erstreckt und an einer
Kupplung endet, an der zumindest ein Steuerkabel
(28) mit mindestens einer Welle (78) verbunden wer-
den kann, und der Handgriff ein Verbindungsglied
(152) aufnimmt, das sich zwischen der Kupplung und
dem Schlitten zum Übertragen einer Bewegung von
der mindestens einen Steuerwelle auf den Schlitten
erstreckt.

Revendications

1. Système (20) destiné à une chirurgie ophtalmique
comprenant :

une lame de coupe (94) ;
des moyens d’entraînement (34) de la lame de
coupe (94) pour la faire bouger ;
des moyens de support (90 et 92) de la lame de

coupe (94) relativement à un oeil; et
des moyens de contrôle (38) des moyens d’en-
traînement (34),
où les moyens d’entraînement (34) compren-
nent un câble de commande (28) ayant un arbre
de commande (76) mobile dans une gaine (78),
les moyens de support (90 et 92) comprenant
une partie principale (90) pouvant être montée
à proximité d’un oeil et une poignée (96) s’éten-
dant depuis la partie principale (90), le câble de
commande (28) pouvant être relié à la poignée
(96), et l’arbre de commande (76) pouvant être
connecté à la lame de coupe (94), de sorte que
le mouvement de l’arbre de commande (76) ef-
fectue le mouvement de la lame de coupe (94).

2. Système (20) selon la revendication 1, dans lequel
les moyens de support de la lame de coupe suppor-
tent ladite lame de coupe afin de permettre le mou-
vement dans une direction de découpe et dans une
direction transversale à la direction de découpe,
moyennant quoi un mouvement axial de l’arbre de
commande effectue le mouvement de la lame de
coupe dans la direction de découpe et un mouve-
ment rotatif de l’arbre de commande effectue le mou-
vement de la lame de coupe dans la direction trans-
versale.

3. Système (20) selon l’une quelconque des revendi-
cations 1 et 2, dans lequel la poignée dispose d’un
accouplement pour être reliée au câble de comman-
de.

4. Système (20) selon la revendication 3, dans lequel
l’accouplement comprend un premier connecteur
pour fixer la gaine du câble de commande aux
moyens de support et un second connecteur confi-
guré pour s’interconnecter axialement et en rotation
avec l’extrémité de l’arbre de commande.

5. Système (20) selon la revendication 4, dans lequel
le second connecteur est configuré pour s’intercon-
necter axialement et de manière transversale avec
l’extrémité de l’arbre de commande.

6. Système (20) selon l’une quelconque des revendi-
cations précédentes, dans lequel la lame de coupe
est mobile entre une position rétractée et une posi-
tion étendue, et un élément de sollicitation sollicite
la lame de coupe vers la position rétractée.

7. Système (20) selon la revendication 1, dans lequel
les moyens de support comprennent un chariot mo-
bile avec la lame de coupe dans la direction de dé-
coupe relativement à la partie principale, le chariot
ayant une position proximale située à une extrémité
proximale de la poignée, et la poignée étant dotée
d’un accouplement à son extrémité distante pour
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être connectée au câble de commande.

8. Système (20) selon la revendication 7, dans lequel,
à l’intérieur de la poignée est logée une liaison
s’étendant entre l’accouplement et le chariot pour
transférer le mouvement de l’arbre de commande
du câble au chariot.

9. Système (20) selon l’une quelconque des revendi-
cations précédentes, comprenant en outre une plu-
ralité de moyens de support, chacun d’eux s’adap-
tant à un oeil de taille différente ou fournissant une
profondeur de coupe différente.

10. Système (20) selon l’une quelconque des revendi-
cations précédentes, dans lequel les moyens d’en-
traînement comprennent un élément coulissant mo-
bile selon une plage de mouvement linéaire par le
biais d’un moteur axial et d’un moteur rotatif monté
sur l’élément coulissant de façon à se déplacer avec
lui, dans lequel le moteur rotatif est relié à l’arbre de
commande.

11. Microkératome destiné à une chirurgie ophtalmique
comprenant une base (90), un chariot (92) monté
sur la base, et une lame de coupe (94) portée dans
le chariot, le chariot étant guidé pour un déplacement
dans une direction de découpe par rapport à la base
et la lame de coupe étant mobile par rapport au cha-
riot, la base ayant une extrémité proximale pour met-
tre en prise un oeil et une poignée (96) s’étendant
depuis l’extrémité proximale et se terminant au ni-
veau d’un accouplement auquel au moins un câble
de commande (28), ayant au moins un arbre (78),
peut être raccordé, et la poignée abritant une liaison
(152) s’étendant entre l’accouplement et le chariot
pour transférer le mouvement dudit au moins un ar-
bre de commande au chariot.
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