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(57) Abstract

A corneal vacuum trephine system (10) including a suction ring (12) having an annular suction ring surface confi-
gured to define a suction annular space (18) positionable against the eye (20). A vacuum device (30) creates a vacuum in
the suction annular space (18) to secure the suction ring (12) to the eye (20) over the cornea (24). A trephine (16) having a
cutting edge (66) is positionable so as to be movable relative to the suction ring (12) for making with its cutting edge (66) a
circular cut in the cornea (24). A trephine guide (14) is positionable on the suction ring (12) for subsequently guiding the
trephine (16) therethrough relative to the cornea (24). The guide (14) permits the trephine (16) to be separated from the suc-
tion ring (12) after cutting the cornea (24) so that the cut can be examined and the trephine (16) repositioned precisely in

the same place and orientation in the incomplete cornea cut to deepen the cut.
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CORNEAL VACUUM TREPHINE SYSTEM

Background of the Invention

The present invention relates to keratoplastic
instruments for performing intraocular surgery and more
particularly to such instruments and methods for per-
forming penetrating keratoplasty utilizing corneal
transplantation. It further concerns surgical appara-
tuses or trephines for precisely cutting out a small
piece of the cornea.

Erasmus Darwin may have been the first to sug-
gest in 1794 that a piece of a healthy cornea from a
donor could be transplanted for a piece of unhealthy
cornea in the recipient patient. This procedure can be
used as when the unhealthy cornea has become opacifed
or affected. In performing this transplant operation a
corneal trephine is currently used to cut a circular
disk or button from the corneal tissue.

Many designs for trephines are known and per-
haps the simplest is a cylinder having an ultrasharp
circular cutting edge at one end. This cylinder is
positioned carefully over the cornea to be excised and
with a downward pressure and a twisting or rotating of
the cylinder the cutting edge will make a generally
circular cut in the cornea. The cut can be made 360°
all the way through the cornea into the interior cham-
ber or an incomplete or partial cut can be made with
the trephine and then the partial cut completed with
curved corneal scissors.

In the early 1960s Jack Guyton, M.D., and John
Balian, M.D., developed a trephine which would more
effectively cut straight sides in the cornea. The
underlying principle of their trephine was to provide
suction to hold the eye up so that the trephine blade
would penetrate the cornea without pushing down on the
eye. By pushing down on the eye, non-parallel sides to
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the graft are invariably created. Their device com-
prised a floor-mounted motor driven corneal trephine in
which a suction ring was provided to support the cornea
and it was a rather cumbersome and complex device.

Many other simpler vacuum suction ring tre-
phines have since been developed, and two of the tre-
phines currently being sold which employ vacuums to
secure the mechanism to the eye are the Hessberg-Baron
and the Caldwell, both from Jed-Med, of St. Louis, Mis-
souri. However, even these simpler and more developed
vacuum type trephines suffer from many disadvantages.
For example, the surgeon is able to see the cornea only
through the narrow cylinder of the trephine in most of
these designs either with his unaided eye or through a
microscope. This makes it difficult to ensure the cor-
rect placement of the trephine on the cornea and also
to orient the trephine at right angles to the plane of
the iris. PFurther, it is difficult for the surgeon or
his assistant to ascertain the depth of the cut which
has been made with the known suction type trephines
since only the inside area of the cut is visible
through the narrow trephine cylinder. Since it is the
tendency especially of the novice surgeon to not make a
deep enough cut, and since this can often not be ascer-
tained without removing the trephine from its position
on the eye, the surgeon frequently must try to reposi-
tion the trephine in the exact same spot and with the
exact same orientation as his initial cut to complete
the cut. Of course, this is difficult if not impossi-
ble to do consistently. Other keratoplastic instrument
designs are illustrated in U.S. patent No. 3,074,407,
whose contents are hereby incorporated by reference in
their entirety. Those designs though are rather com-
plicated and do not appear to be easy to use in prac-
tice. They also do not provide for the repositioning
of the trephine blade in the blade holder to complete
an incomplete cut.
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If the trephine is tilted relative to the
plane of the iris then a generally oval wound or cut is
produced. The greater the tilting, the greater (in an
exponential relation) the difference in the lengths of
the major and minor axes of this oval configuration
result. The greater the amount of the tilt, the larger
the resulting asphericity and resulting astigmatism.

Accordingly, a primary object of the present
invention is to provide an improved trephine construc-
tion which remedies these disadvantages.

Another object of the present invention is to
provide an improved vacuum suction type of trephine
systemn.

A further object of the present invention is
to provide an improved tephine system construction
which allows for the better visualization of the tre-
phine cutting blade and the corneal incision during the
cutting procedure.

A still further object of the present
invention is to provide an improved trephine system
construction which allows for the more accurate posi-
tioning of the trephine with respect to the cornea to
be excised.

Another object of the present invention is to

provide an improved trephine system construction which

allows for the accurate repositioning of the trephine
in an incomplete cut to complete the cut.

A further object of the present invention is
to provide an improved vacuum type trephine system
which more accurately cuts a circular or nearly circu-
lar cut having only an inconsequential difference in
the lengths of its major and minor axes.

A still further object of the present inven-
tion is to provide a vacuum suction trephine system of
relatively simple construction and which is easy to

use.
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other objects and advantages of the present
invention will become more apparent to those persons
skilled in the art from the foregoing description,
taken in conjunction with the accompanying drawings.

Brief Description of the Drawings
Figure 1 is a longitudinal cross-sectional

view of an assembled corneal vacuum trephine system of
the present invention shown secured to the eye.

Figure 2 is a side cross-sectional view of the
suction ring of the.system of Figure 1 illustrated in
isolation.

Figure 3 is an end view of the suction ring of
Figure 2.

Figure 4 is a side view of the trephine guide
of the system of Figure 1 illustrated in isolation.

Figure 5 is an end view of the trephine guide
of Figure 4.

Figure 6 is a side view of the trephine of the
system of Figure 1 illustrated in isolation.

Figure 7 is an end view of the trephine of
Figure 6.

Detailed Description of the Preferred Embodiments

Referring to Figure 1, a corneal vacuum tre-
phine system of the present invention is illustrated
generally at 10. Trephine system 10 comprises basi-
cally a sealing or suction ring 12, a trephine guard or
guide 14 which is adapted to rest on the suction ring
12 and a trephine 16 which is adapted to fit into and
rotate in the trephine guide 14.

Suction ring 12, as best shown in Figure 3,
has an annular configuration and when viewed in cross
section it is seen that the lower surface thereof has a
stepped-in design to define an annular space or groove
18. When the suction ring 12 is positioned against the
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eye 20 over the cornea 24, the white sclera portion 22
of the eye defines the remaining boundary of the annu-
lar chamber 26. Then by applying a vacuum or suction
force to this chamber 26 immediately before placement
on the eye 20 or after placing it in position on the
eye a vacuum is created therein and the resulting suc-
tion force holds the suction ring 12 securely in place
on the eye. This suction is created by a suction
device as shown generally and schematically in Figure 1
at 30. The suction device 30 can be any suitable means
for applying a slight vacuum and for example may be a
rubber bulb, a conventional vacuum pump, or a spring-
biased syringe. Vacuum device 30 can be connected via
a flexible tube 32 which fits over another smaller tube
34 as shown_in Figure 1 which passes through a suction
ring opening 36 of approximately .043 inches in diam-
eter opening at an angle of about forty-five degrees as
shown in Figure 2 at 38 into the annular chamber 26.
The angle, as designated in Figure 2 at 40, of the
bevel 41 of the suction ring 12 is thirty degrees. The
suction ring 12 includes a narrower upwardly projecting
cylinder 42 defining a bore 44 having a diameter of
about half an inch. This half-inch diameter bore 44
with the trephine guide 14 and trephine 16 separated
from the suction ring 12 provides a greater field of
vision to the cornea 24 than by just viewing it through
the trephine when positioning the suction ring 12 over
the cornea 24 thereby allowing a quicker and more accu-
rate positioning of the suction ring 12. Since the
blade of the trephine 16 is relatively short and does
not have a vacuum line attached to it, good visualiza-
tion of the cut or incision made by it is possible.
Suction ring 12 can be made of any suitable material
including 303 stainless steel, and can be similar to
the suction ring used by Barraquer Microkeratome from

Steinway Instruments.
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The trephine guide 14 is best shown in Figures
4 and 5, and comprises a short cylinder 48 of having an
inner diameter of .388 inches and having three equally-
spaced legs 50, 52, 54 extending radially out there-
from. Each of the legs 50, 52, 54 has a downwardly
depending foot, 56, 58, 60, respectively, each of which
is configured and positioned to define an arc segment
of the same circle, as best shown in Figure 5, which
has an inner diameter of .594 inches. The feet are
adapted to fit snugly over the upwardly projecting cyl-
inder 42 of the suction ring 12. Since the outer diam-
eter of the cylinder 48 of the trephine guide 14 is
.482 inches and the outer diameter of the bore 44 of
the suction ring 12 is .740 inches, a space 62 is
defined between them between each of the legs 50, 52,
54. It is through this space 62 that the circular cut
including the outer edge thereof made by the cutting
edge 66 of the trephine 16 can be seen with the suction
ring 12 in place, and the outer edge of the cutting
edge 66 of the trephine 16 can be seen as well. They
can be visualized by the surgeon’s assistant or techni-
cian during surgery to advise the surgeon as to the
progress made in the cutting operation to ensure that a
cut is formed which is neither too deep to injure the
underlying ocular structure nor too shallow to excise
the corneal tissue.

The cylinder 48 of the trephine guide 14 pro-
vides the guiding surface for the trephine 16 to hold
it snugly so that it does not wobble but to not hold it
so tightly that the trephine 16 cannot be inserted and
rotated therein. Since the trephine guide 14 comprises
a separate piece from the suction ring 12 and is secur-
able thereto by the close fit of the leg and foot
portions to the upwardly projecting cylinder 42, the
trephine guide 14 can be removed or separated from the
suction ring 12 so that the cornea and/or the cornea
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cut can be visualized through the wider field of the
bore 44 of the suction ring 12. The trephine guide 14
can be formed from 303 stainless steel, and both the
guide and suction ring should have a non-glare finish
which resists autoclaving.

Similarly, the trephine 16 fits through the
cylinder 48 of the trephine guide and has an outer
diameter only .001 of an inch less than the inner diam-
eter of the cylinder 42 of the trephine guide 14.

Thus, the trephine 16 can be easily inserted in the
trephine guide 14 and removed therefrom, even when the
suction ring 12 is secured to the eye. The trephine 16
very simply comprises a barrel 70 portion having a
length of one to two inches, or 1.07 inches, and at its
distal end a short slightly narrower barrel 72 and a
cutting edge 66 angling in towards the center of the
barrel 70 by an angle indicated in Figure 6 at 74 of
about seventeen degrees plus or minus two degrees. The
cutting edge 66 must be ultra sharp since a dull blade
can injure the ocular tissue. The trephine 16 can be
constructed of 420 stainless steel.

An advantage of this system 10 over prior tre-
phine systems is that the trephine 16 and the trephine
guide 14 can be removed from the suction ring 12, the
incision formed by the cutting edge 66 examined, and,
if necessary, the trephine 16 and the trephine guide 14
returned to precisely the same place and orientation
and the incision then made deeper. As can be appreci-
ated, the system 10 must have its parts carefully manu-
factured and toleranced so that the stack up between
them make for a fit which is neither too loose nor too
tight. The design of the present system 10 allows
direct visualization of the cut through the bore of the
trephine 16 and from the side through the space 62.
Although the system 10 is designed for penetrating ker-
atoplasy, i.e., full thickness corneal graft, which
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allows the surgeon to remove a disk of unhealthy cornea
from the patient to be replaced by a donor tissue, it
may also be used to make a partial thickness corneal
incision like the type needed for epikeratophakia.

The procedure then for the preserit’'system 10
is to cover the patient with sterile drapes. A spring-
assisted device is applied to help hold the eyelids of
the eye 20 open. A wire rig is sutured to the white
sclera 22 of the eye. The suction ring 12 is rested on
the sclera 22 and using tweezers the globe of the eye
20 is positioned so that the suction ring 12 is posi-
tioned directly over the cornea. The surgeon’s assis-
tant then applies the vacuum to the annular chamber 26
via the vacuum device 30, such as by drawing a vacuum
through a rubber bulb which communicates with the vac-
uum chamber 26 via the tubing 34. The position of the
suction ring 12 with respect to the cornea 24 is then
rechecked and adjusted by breaking and reapplying vac-
uum, if necessary. The trephine guide 14 is positioned
on the suction ring 12 as shown in Figure 1, and then
the trephine 16 is slid into the cylinder 48 of the
trephine guide 14. With gentle downward pressure, the
trephine 16 is either twisted in a complete circular
motion or rotated back and forth about the longitudinal
axis of the trephine 16 so that a three hundred and
sixty degree cut is made. This cut can be made all the
way through the cornea 24 into the anterior chamber
which would be indicated by a rush of fluid to the
exterior of the eye, or alternatively, a shallower cut
can be made until the first drop of acqueous fluid is
observed by the surgeon or his assistant either through
the bore of the trephine 16 or the space 62 and then
the cut finished with surgical scissors. After the cut
has been made with the trephine 16 the trephine guide
14 and trephine 16 can be removed to inspect the cut.
As stated previously, if it is determined that the cut
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can then be placed back on the suction ring 12, and the
cut deepened. Since the tolerances between the parts
are very close and the suction ring 12 is securely fas-
tened to the eye 20 then the repositioning of the tre-
phine 16 will have the cutting edge 66 in precisely the
same position and orientation as previously so that the
cut can then be accurately and cleanly made deeper.

The corneal disk cut by the present system 10 is then
lifted off of the eye with forceps.

With most prior trephine systems the only vis-
ualization with the suction ring over the cornea is
through the center of the trephine which provides only
an eight millimeter field of vision. In contrast, with
the trephine guide 14 and trephine 16 lifted off of the
suction ring 12 of the present invention a twelve to
fourteen millimeter opening through the bore of the
suction ring 12 is defined which provides a wider field
of vision allowing for the suction ring 12, and thereby
the trephine 16 to be more accurately positioned on the
eye.

From the foregoing detailed description it
will be evident that there are a number of changes,
adaptations and modifications of the present invention
which come within the province of those persons having
ordinary skill in the art to which the aforementioned
invention pertains. However, it is intended that all
such variations not departing from the spirit of the
invention be considered as within the scope thereof as
limited solely by the appended claims.
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WHAT IS CILAIMED IS¢

1. A corneal vacuum trephine system compris-
ing:

a suction ring adapted to be positioned on the
eye over the cornea, said suction ring having an annu-
lar suction ring surface configured to define a suction
space positionable against the eye,

a trephine positionable so as to be movable
relative to said suction ring for cutting the cornea,
and

a trephine guide means positionable on said
suction ring for guiding said trephine therein and for
permitting said trephine to be separated from said
suction ring when said suction ring is secured to the
eye.

2. The system of Claim 1 further comprising
a vacuum means for providing a vacuum in said suction
space when said suction ring is generally on the eye
for securing said suction ring to the eye.

3. The system of Claim 2 further comprising
said vacuum means being external of said suction ring,
and a tubing communicating said external vacuum means
with said suction space.

4. The system of Claim 3 wherein said
suction ring defines a suction ring opening
therethrough and into which said vacuum tubing is
received.

5. The system of Claim 4 wherein said
suction ring opening is positioned radially out from
said trephine guide means, and from said trephine when
positioned in said trephine guide means.
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6. The system of Claim 2 wherein said vacuum

means comprises an elastomeric bulb, a vacuum pump, oOr

w N -

a spring-biased syringe.

7. The system of Claim 1 wherein said
trephine is positionable from a separated position
relative to said suction ring to an inserted position
in said suction ring while said suction ring is

attached to the eye.

U od>w N

8. The system of Claim 1 wherein said guide
means is removable from said suction ring when said
suction ring is attached to the eye.

N

9. The system of Claim 1 wherein said
trephine guide means defines a bore into which said
trephine is positionable.

10. The system of Claim 1 wherein said

trephine comprises a barrel and a sharp circular
cutting edge at the distal end of said barrel.

w N

1 11. The system of Claim 1 wherein said

2 trephine guide means defines a sleeve longitudinally
3 into which said trephine slides and in which said

4

trephine is rotatable.

12. The system of Claim 1 wherein said
trephine is generally only one to two inches long.

o
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13. The system of Claim 1 wherein said
suction ring defines a bore having a bore diameter,
said trephine guide means defines a trephine guide
cylinder having an outer cylinder diameter, said
trephine comprises a circular cutting edge at one end
thereof, said bore diameter is greater than said outer
cylinder diameter, and said trephine guide means
includes a support means for supporting said trephine
guide cylinder in said bore such that a space is
defined therebetween through which said cutting edge of
said trephine can be seen when said trephine is posi-
tioned in said trephine guide means.

14. The system of Claim 13 wherein said
support means positions said trephine guide cylinder
concentrically within said bore.

15. The system of Claim 13 wherein said
support means comprises at least three spaced legs
extending out from said trephine guide cylinder to
contact said suction ring.

16. The system of Claim 15 wherein said at
least three spaced legs comprise three legs extending
out from said trephine guide cylinder and spaced gener-
ally 120° relative to each other.

17. The system of Claim 13 wherein said
suction ring includes an upwardly projecting portion,
and said legs rest on said upwardly projecting portion.

18. The system of Claim 17 wherein said
upwardly projecting portion is annular.
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19. The system of Claim 17 wherein said legs
have downwardly depending foot portions at the outer
ends thereof positionable directly outside of said

upwardly projecting portion.

20. The system of Claim 13 wherein said bore

diameter is about 12-14 mm.

21. A method of cutting a corneal disk from
the cornea of an eye cqmprising:

securing a ring to the eye over the cornea,

thereafter, moving a trephine in said ring on
the eye to make a circular cut in the cornea, and

thereafter, removing said trephine from said

ring while said ring is secured to the eye.

22. The method of Claim 21 further compris-
ing, after said removing, positioning said trephine in
said ring and moving said trephine in said circular cut
to thereby deepen said circular cut.

23. The method of Claim 21 further compris-
ing, after said securing and before said moving, posi-
tioning said trephine in said ring.

24. The method of Claim 21 further comprising
said securing comprising said ring defining at least in
part a sealing chamber, and applying with said sealing
chamber generally adjacent to the eye a vacuum in said
sealing chamber to secure said ring to the eye.

25. The method of Claim 24 wherein said
applying includes operating a suction device external

of said ring and operatively connected to said sealing

chamber via a tubing.
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1 26. The method of Claim 21 further comprising
2 providing a trephine guide means which is positionable

on said ring.

27. The method of Claim 26 further comprising

2 positioning said trephine in said trephine guide means.
1 28. The method of Claim 27 wherein said
2 positioning includes positioning said trephine in said
3 trephine guide means when said trephine guide means is
4 positioned on said ring.
1 29. The method of Claim 26 wherein said
removing includes removing said trephine guide means

3 off of said ring.

30. The method of Claim 26 further compris-

. ing, after said securing, positioning said trephine

3 guide means on said ring.
1 31. The method of Claim 26 further compris-
2 ing, with said trephine guide means positioned on said
3 ring and said trephine in said trephine guide means,
4 looking through a space between said trephine guide
5 means and said ring at the cutting blade of said
6 trephine.
1 32. The method of Claim 26 further compris-
2 ing, with said trephine guide means positioned on said
3 ring and after said moving step, looking through a
4 space between said trephine guide means and said ring
5 at the circular cut in the cornea made by said
6 trephine.

33. The method of Claim 32 further compris-
ing, thereafter, moving said trephine in said ring and

against the eye to deepen said circular cut.
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34. The method of Claim 26 wherein said
moving includes rotating said trephine in said trephine
guide means and relative thereto.

35. The method of Claim 34 wherein said
rotating includes grasping said trephine and rotating
said trephine in a back and forth motion while applying
pressure thereto towards the cornea.

36. The method of Claim, 21 wherein said
moving includes, with said trephine positioned in said
ring, rotating said trephine against the cornea.

37. The method of Claim 21 further compris-
ing, before said securing, positioning said ring over
the cornea and, while looking through the middle of
said positioned ring, moving the eye relative to said
ring.

A

38. The method of Claim 21 further comprising
said cornea being an unhealthy cornea, removing from
the eye a disk of said unhealthy cornea defined at
least in part by said circular cut, and thereafter
positioning a healthy cornea disk in the corneal open-
ing left by said removed unhealthy cornea disk. and
securing said healthy cornea disk therein.

39. The system of Claim 1 wherein said
trephine is positionable within said trephine guide
means for a cornea cutting movement therein.

40. The system of Claim 1 wherein said
trephine is positionable in a bore of said system
having a diameter of generally one half inch.
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