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OPHTHALMC SURGICAL SYSTEMAND 
METHOD 

RELATED APPLICATIONS 

0001. The present application claims priority from U.S. 
Provisional Application No. 60/229,967, filed Sep. 1, 2000, 
which is hereby incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

0002 The invention relates to an ophthalmic surgical 
system and method including a disposable Surgical micro 
keratome and, more particularly, to an automated Surgical 
system and method for using such a device in laser-assisted 
in situ keratomileusis (LASIK). 

BACKGROUND OF THE INVENTION 

0003 Ophthalmic surgeons increasingly use new surgical 
methods and devices for changing the shape of a patients 
cornea to correct vision defects, including myopia, hypero 
pia, and astigmatism. One Such device is called a micro 
keratome which is used, in particular, to cut a corneal flap 
during performance of LASIK surgery. Unfortunately, there 
are problems with Some of the microkeratomes used in 
corrective eye Surgery. 
0004 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 micro 
keratome being made of many Small metal components 
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. Reassembling such a micro 
keratome while wearing sterile gloves is particularly diffi 
cult. A microkeratome having many Small components also 
is difficult, if not impossible, to clean and sterilize between 
patients. 

0005 Furthermore, some microkeratomes have exposed 
gears or screw threads which can become contaminated 
during the Surgical operation. The Small crevasses in these 
elements are particularly difficult to maintain in a sterile and 
smooth working condition. Furthermore, 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 problems with some existing micro 
keratomes are discussed in commonly owned U.S. Pat. No. 
6.228,099, the entire disclosure of which is hereby incor 
porated herein by reference. 
0006. One of the better microkeratomes is disclosed in 
commonly owned International Application No. PCT/US98/ 
24785, published as International Publication No. WO99/ 
26568, which is hereby incorporated herein by reference in 
its entirety. Although the microkeratome disclosed therein is 
a significant improvement over microkeratomes at the time, 
further improvements are desirable. 

SUMMARY OF THE INVENTION 

0007 The present invention provides a system and 
method including a microkeratome that is a Substantial 
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improvement over existing microkeratomes. According to 
one aspect of the invention, independent control of the axial 
movement and transverse movement of a cutting blade in a 
microkeratome is accomplished through the use of a single 
control cable that connects the microkeratome to a remotely 
located control assembly. According to another aspect of the 
invention, the microkeratome is equipped with a handle that 
enables 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 yet 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. According to still another aspect of the inven 
tion, the microkeratome includes a biasing device for auto 
matically retracting a carriage from an extended position to 
a retracted position. 
0008 The present invention provides a microkeratome 
that can be disposable, preassembled and presented in a 
sterile condition, and a control system that can be reused 
indefinitely, resulting in greatly reduced cost while provid 
ing a Superior quality Surgical operation. 
0009. 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 mount 
ing 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 in relative to the carriage. The aforemen 
tioned control cable has a control shaft. The control cable is 
connectable to the base of the microkeratome 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 carriage. 
0010 The present invention also provides a system for 
ophthalmic Surgery that includes a microkeratome and a 
control assembly for controlling the microkeratome. The 
control assembly has a drive assembly including the control 
cable which is connected to the carriage such that axial 
movement of the control shaft effects movement of the 
carriage in the cutting direction relative to the base, and 
rotational movement of the control shaft effects movement 
of the cutting blade relative to the carriage. 
0011 The present invention also provides 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. 

0012 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 operation and 
selecting a second microkeratome for a Subsequent opera 
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tion 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. 
0013 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 includes a control 
cable having a control shaft movable within a sheath, and the 
means for Supporting includes a main portion mountable in 
the vicinity of an eye and a handle extending from the main 
portion. The control cable 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. 
0014. The present invention further provides a micro 
keratome for ophthalmic Surgery comprising a base, a car 
riage 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 coupling and the 
carriage for transferring motion from the at least one control 
shaft to the carriage. 
0.015 The present invention further provides a micro 
keratome for ophthalmic surgery 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 associated therewith a biasing member operating to 
bias the carriage toward the retracted position. 
0016. The microkeratome may further have a hollow 
handle extending away from the main portion, the biasing 
member being housed within the handle. 
0017. The present invention also provides a micro 
keratome 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 interconnect with the end of the 
control shaft The second connector may also be configured 
to axially and transversely interconnect with the end of the 
control shaft. 

0018 Thus, the present invention provides an improved 
system, method and microkeratome for ophthalmic Surgery. 
The microkeratome provided by the present invention 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 microkeratome, 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 maintains a sterile condition more readily 
and is reusable. 

0019. The foregoing and other features of the invention 
are hereinafter fully described and particularly pointed out in 
the claims, the following description and annexed drawings 
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setting forth in detail a certain illustrative embodiment of the 
invention, this embodiment being indicative, however, of 
but one of the various ways in which the principles of the 
invention may be employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a schematic view of the ophthalmic 
Surgical system according to the present invention. 
0021 FIG. 2 is a schematic illustration of a micro 
keratome for use in the system shown in FIG. 1. 
0022 FIGS. 3a and 3b are top and side views, respec 
tively, of a main portion of a base for the microkeratome 
shown in FIG. 2. 

0023 FIGS. 4a and 4b are top and cross-sectional side 
views, respectively, of an alternative to the main portion 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. 
0024 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. 
0025 FIGS. 6a-6d are front, top, side, and rear views, 
respectively, of a blade holder of the microkeratome shown 
in FIG. 2. 

0026 FIGS. 7a and 7b are top and rear views, respec 
tively, 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. 
0027 FIG. 8 is a partial enlarged side view of a micro 
keratome and a forward end of a drive shaft thereof removed 
therefrom. 

0028 FIG. 9 is a partial enlarged side view of the 
microkeratome shown in FIG. 2 in a retracted position. 
0029 FIG. 10 is a partial enlarged side view of the 
microkeratome shown in FIG. 2 in an advanced position. 
0030 FIG. 11 is a partial cut away side view of an 
extended portion of a base of the microkeratome of FIG. 2. 
0031 FIG. 12 is a partial cut away side view of an 
alternative embodiment of the base. 

0032 FIGS. 13 and 13a are partial views of a handle 
portion of the base and a connector for connecting the base 
to the control cable. 

0033 FIGS. 14a and 14b illustrate an alternative connec 
tion between the base and the control cable. 

0034 FIGS. 15a-15d show sequential steps in connecting 
yet another connection between the base and the control 
cable. 

DETAILED DESCRIPTION 

0035. The present invention provides a system and 
method of using a disposable microkeratome that facilitates 
the performance of corrective refractive ophthalmic Surgery, 
particularly keratomileusis, and more particularly laser-as 
sisted 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 
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keratome 22 and a remotely located control assembly 24. 
The control assembly includes a flexible suction line 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.) 

0036. The control assembly 24 is substantially contained 
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 operation of 
the drive assembly and the pump. The control assembly also 
has one or more input devices 40 connected 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 system. 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 
concerning the operation of an exemplary control assembly, 
reference may be had to commonly owned International 
Application No. PCT/US98/24785, filed Nov. 20, 1998 
(published as International Publication No. WO99/26568 on 
Jun. 3, 1999), which is hereby incorporated herein in its 
entirety by reference. 

0037. The drive assembly 34 is substantially similar to 
the drive assembly disclosed in the aforementioned Inter 
national Publication No. WO99/26568, with the exception 
that the rotary and axial cables in the aforementioned 
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 connected to slide member 
62 by a rack 64 and pinion 66, for example, for moving the 
slide member through a range of linear motion correspond 
ing 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 member) 
to the microkeratome. 

0038. 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 connects 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. 

0039 The control shaft 76 may have a monocoil, double 
wound or triple wound construction over a central wire or 
mandrel with the winds pitched in opposite directions to 
provide torsional rigidity. The triple wound construction 
provides bi-directional properties as well as flexibility for 
increased endurance life of the shaft, as compared to a 
monocoil or double wound construction. The torsional stiff 
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ness of the triple wound construction generally 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. However, 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 exemplary 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 polytetrafluoro 
ethylene (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. 
0040. 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 synergisti 
cally provides a handle 96 for holding the microkeratome. 
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 connectable 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 preassembled 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. 

0041 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 inverted L-shape 
and oppose each other to cooperatively form a track or 
guideway. The guides cooperate with the carriage to restrain 
and guide the carriage for linear movement 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 significant separation therefrom, 
thereby maintaining the carriage in stable sliding engage 
ment with the top surface of the base. 
0.042 At a front end 104 of the base 90 opposite the 
handle 96 and between the guides 102, a generally circular 
opening 106 is provided for receiving a corneatherethrough. 
The opening communicates through the top Surface (and 
actually top wall) of the base to a substantially cylindrical 
suction chamber 107 provided at the 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. 
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0043. As an alternative to the Illustrated suction ring, the 
Suction ring may be formed of one or more circumferentially 
arranged suction devices that hold the microkeratome in a 
stable relation to the eye. 
0044. The base 90 has extending upwardly at the forward 
end thereof a fixture (or fitting) 110. The illustrated fixture 
is angled away from the opening 94 to provide an unob 
structed 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 86 in a stable and fixed position relative to 
the eye. 
0045 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. 
0046. As an alternative to the base 90 shown in FIGS. 3a 
and 3b, the fixture may be rotated to an alternate position to 
move the suction tube 26 (FIG. 1) further out of the way, for 
example as shown in the embodiment illustrated 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 passage therethrough to the Suction 
chamber 107. A separate 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 
Substantially eliminating any opportunity for the Suction 
tube to obscure the surgeon’s view of the operation. 
0047 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). 
0.048. 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 transverse direction 
than the blade holder to permit the blade holder to oscillate 
within the slot. The transverse oscillation 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. 
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0049. 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 cuffing 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 horizontal open 
ing or passage 150 (FIGS. 6a-6c) in the cuffing 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 embodiment. 
0050. 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 forward. 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 vertical slot 124 (FIG. 5b) in the cuffing head 120 
(FIG. 5b) that receives the blade holder. 
0051. 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 corresponding recesses 
144 (FIG. 5c) in the underside of the cutting head. The 
recesses cooperate with the protrusions 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 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. 
0052 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. 
0053 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 handle 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. 
0054 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. 
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0.055 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 hori 
Zontal 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 annular 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 between 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. However, the illustrated method requires fewer 
parts and is faster and less expensive to assemble. 

0056. In connecting the handle 96 to the base 90 and the 
carriage 92, the carriage generally is advanced toward the 
forward end 104 of the base toward its distal portion, and the 
drive shaft 152 is extended from the forward 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 openings 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 micro 
keratome 22 is thus complete. 

0057. 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 economi 
cally 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 engag 
ing the carriage 92 and transmitting rotational motion as 
well as forward and reverse motion to the carriage. 

0.058 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 compres 
sion 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 element. 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 auto 
matically retracts the drive shaft and the carriage from its 
extended position to its retracted position under the influ 
ence of the spring at the end of the cutting operation when 

May 1, 2008 

the forward power is reduced. Automatic retraction is par 
ticularly advantageous when there is a loss of power to the 
system. 

0059 An alternative embodiment of an automatic return 
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 simulta 
neously 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 embodi 
ment the wall portions 170 combine the functions of the 
compression spring 166 and the retaining wall 164 in the 
embodiment shown in FIG. 11 

0060. In either embodiment, the drive shaft 152 transmits 
the rotational and axial motion of the control shaft 76 from 
the control cable 28 to the carriage 92. The control 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 trans 
mission of rotational motion and both forward and reverse 
axial motion. 

0061 One type of connection is shown in the embodi 
ments 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 between 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 auto 
matic return device 169 biasing the drive shaft toward the 
control shaft to provide reverse axial motion of the drive 
shaft and retraction of the carriage 92. 
0062. 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 corre 
sponding fitting 186 on the rear end of the drive shaft. The 
slot 184 can be larger than the eccentric 182 to facilitate 
locating the eccentric therein. Since the control shaft gen 
erally only rotates in one direction, 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 
device, such as those described above with respect to FIGS. 
11 and 12. 

0063 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 
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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. 

0064. 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 connection 
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 handle. 
0065. 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 engagement with the rear end of 
the handle, and the threaded parts are screwed together, as 
shown in FIG. 15c, to secure the sheath to the handle and to 
lock the shafts together. The control shaft can then be 
retracted to positively retract the drive shaft along with it, as 
shown in FIG. 15d. 

0.066 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). 
0067. 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 oscil 
lating motion for driving the cutting blade 94 (FIG. 2) in an 
oscillating side-to-side motion. 
0068 The surgeon or other member of the surgical staff 
will select the optimum microkeratome from a plurality of 
microkeratomes, with different microkeratomes providing 
different size openings in the base and/or providing for 
different depths of cut. The different microkeratomes are 
useful for accomodating different size eyes and different 
depths of cut relative to the different size eyes. The micro 
keratome comes preassembled and requires no assembly in 
the operating room. Someone from the Surgical staff 
removes the packaging and connects the microkeratome to 
the control assembly. The assembler generally double 
gloves to maintain sterility, removing one set of gloves after 
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touching reusable components of the control assembly. A 
new, and sterile, Suction 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 
microkeratome on the eye by holding the handle without 
contacting any other component of the system. Operation of 
the microkeratome is Substantially automatic and proceeds 
in Substantially the same manner as the operation of the 
microkeratome described in the aforementioned Published 
Application No. WO99/26568. The surgeon can control the 
microkeratome with foot pedals, without touching the con 
trol assembly with his hands, further maintaining sterility. 
Once the operation is complete, the microkeratome can be 
disconnected from the control assembly and discarded. A 
new microkeratome is selected for a Subsequent operation. 

0069. The control assembly includes components that are 
expensive to produce and are intended to be reused for 
Surgery on many patients, whereas the microkeratome 
includes relatively inexpensive components and is intended 
to be used for a single eye of a single patient and then 
discarded. Because the control assembly is removed from 
the patient and thus away from the Surgical area, contami 
nation of the control assembly by the patient and vice versa, 
is minimized or prevented. 

0070 Although the present invention has been described 
with reference to an embodiment that uses a single cable, the 
invention also includes a microkeratome having a handle for 
connecting more than one cable. For example, the invention 
includes a microkeratome connectable 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. 

0071 An exemplary microkeratome is formed primarily 
of a few molded plastic parts that are easy to manufacture 
and assemble Such that the microkeratome is inexpensive to 
produce. Consequently the microkeratome may be consid 
ered disposable, thereby obviating problems of cleaning and 
sterilizing the microkeratome between patients. The micro 
keratome is provided completely assembled, sterilized, and 
ready for use. Since only the microkeratome comes into 
contact with the patient, the microkeratome does not require 
extensive assembly 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 
degree of confidence in the sterility of a microkeratome has 
been a problem that is problem for which the present 
invention provides an improved solution. 

0072 In summary, since the axial and rotary motors are 
independently controllable, the system can independently 
control the oscillation and speed of advance of the cutting 
blade. The system of the present invention also advanta 
geously uses a single control cable to drive the micro 
keratome. In addition, the microkeratome includes a handle 
that facilitates a quick connection between 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 
also provides a microkeratome having means for automati 
cally 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. 
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0.073 Although the invention has been shown and 
described with respect to certain illustrated embodiments, 
equivalent alterations and modifications will occur to others 
skilled in the art upon reading and understanding the speci 
fication and the annexed drawings. In particular regard 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 func 
tion (i.e., that is functionally equivalent), even though not 
structurally equivalent to the disclosed structure which per 
forms 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. 

1-35. (canceled) 
36. A method for ophthalmic Surgery, comprising 
providing a microkeratome including a base, a carriage 

movable relative to the base, and a cutting blade carried 
by and movable relative to the carriage; 

providing a control assembly for controlling the move 
ment of the carriage and the cutting blade, the control 
assembly including a control cable having a sheath and 
a control shaft movable within the sheath; 

connecting the control shaft to the carriage; 
connecting the sheath to the base; 
shifting the control shaft along its longitudinal axis to 

effect movement of the carriage relative to the base; and 
rotating the control shaft to effect movement of the 
cutting blade relative to the carriage. 

37. A method as set forth in claim 36, comprising: 
mounting the base in a fixed position relative to a cornea 

of an eye; and 

May 1, 2008 

independently controlling the movement of the carriage 
relative to the base and the movement of cutting blade 
relative to the carriage. 

38. A method as set forth in claim 36, comprising retain 
ing the position of the base relative to an eye with a Suction 
device that Supplies suction pressure to the base to create a 
partial vacuum between the base and the eye. 

39. A method as set forth in claim 36, comprising pro 
viding a plurality of microkeratomes that provide respective 
depths of cut, and selecting a microkeratome based on a 
desired depth of cut. 

40. A method as set forth in claim 36, comprising dis 
posing of a first microkeratome following a first operation 
and selecting a second microkeratome for a Subsequent 
operation. 

41. A method as set forth in claim 36, wherein moving the 
carriage relative to the base includes driving the carriage in 
a forward direction from a proximal position to a distal 
position and retracting the carriage from the distal position 
to the proximal position. 

42. A method as set forth in claim 41, wherein driving the 
carriage includes driving the carriage against a biasing force 
and retracting the carriage includes automatically retracting 
the carriage under the biasing force. 

43. A method for ophthalmic Surgery, comprising the 
steps of 

connecting a sheath of a control cable to a base having a 
Substantially planar Surface with an aperture there 
through; 

connecting a shaft movable within the sheath to a carriage 
that Supports a cutting blade for movement relative to 
the base; 

longitudinally advancing and retracting the shaft within 
the sheath to advance and retract the carriage between 
two spaced-apart positions; 

rotating the shaft to move the cutting blade relative to the 
carriage in a direction transverse the direction of 
motion of the carriage relative to the base. 


