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A surgical instrument (101) for stapling a hernial open-
ing (501) in internal body tissues of a patient comprises an el-
ongate staple cartridge (115) rotatably mounted to an elongate
frame at a distal end thereof and an elongate staple forming
plate movable mounted to the frame for ejecting a staple from
the cartridge (115) into the body tissues of the patient and de-
forming the staple from an open position to a closed position
in which the staple holds together two pieces of body tissue on
opposite sides of the hernial opening (501). The instrument
(101) further includes a rotator assembly operatively connected
to the cartridge for rotating the cartridge (115) from an orienta-
tion aligned with the frame means to a staple ejection orienta-
tion transverse to the frame. A tissue positioning assembly sep-
arate from the staple forming plate is provided for gripping,
approximating and temporarily holding together in a stapling
position the two pieces of body tissue prior to and during a sta-
| pling operation.
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SURGICAL SUTURING INSTRUMENT AND METHOD

TECHNICAL FIELD

This invention relates to apparatus and a method
for stapling internal body tissue from outside the body
through a small opening in the body. The invention is use-
ful for closing an internal opening in a body cavity from
within the body cavity, such as in performing corrective
surgery for hernias. More particularly, the invention re-
lates to a procedure and apparatus for the minimally in-
vasive repair of indirect inquinal or femoral hernias

utilizing insufflation and laparoscopy.

The problem of herniation is one that may be expe-
rienced by men, women and children and generally relates to
the abnormal protrusion of an organ or part of an organ or
a portion of tissue through an aperture in its containing
cavity. The usual, but not the only, hernia treated by
this invention is congenital in origin, called an indirect
ingquinal hernia, and is due to the failure of the inner‘
lining of the abdomen, called the peritoneum, to seal it-
self at the opening of the ingquinal canal during fetal
formation. The inquinal canal contains the spermatic cord.
In its failure to seal itself, a hole develops with a sock
shaped sac hanging downward from that hole. This sac rests
inside the ingquinal canal. This hole may allow a portion
of intestine to slip through it and become pinched or even
strangulated. It is necessary to close such an opening im-
mediately or else complications may develop, such as
strangulated intestines or in extreme case death.

There are several different traditional (prior art)
surgical techniques for closing a hernial defect. All of
these techniques have certain basic characteristics in com-
mon. Among these common characteristics is the necessity
to make a formal 3 to 6 inch incision directly adjacent to
the hernial defect which lies generally in the groin
region, cutting and pealing back various layers of tissue
and dissecting the inquinal canal and the accompanying
spermatic cord in order to access the hernial defect at the

mouth of the canal. Such procedures require 12 to 15 su-
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tures to close the large and complicated incision. Ob-
viously such procedures leave a rather large and sometimes
unattractive scar and are extremely painful to the patient.
Most patients are out of work an average of 5 days after
such an operation and have restricted movement for over two
weeks. More importantly the surgery carries a long list of
both general and local complications such as ischemic or-
chitis and testicular atrophy caused by the dissecting of
the spermatic cord off the hernial sac. One of the major
problems with current procedures is recurrent herniation.
It is estimated that as many as 20% of these procedures
recur within 5 to 10 years. One reason for this is that
current procedures damage the muscle tissue in the groin
region which supports the inquinal area. This muscle tis-
sue then weakens and bulges out due to the pressure of the
intestines pushing this area down. Such muscle failure
results in a direct inquinal hernia, the repair of which
may require a synthetic mesh to reinforce the damaged mus-
cle tissue. ‘

Thus, the performance of such conventional correc-
tive surgery causes severe physical trauma to the operative
area and emotional trauma to the patient. Many other com-
plications are possible: those related to any incision,
‘such as bleeding and infection, and those related to con-
ventional hernia procedures, such as damages to bowel and
bladder, nerves and large blood vessels.VIn addition, cut-
ting through so many layers of tissue may severely
traumatize the tissue and upset the patient’s emotional
equilibrium. Other disadvantages of conventional hernia
surgery are the long recuperation time and the large un-
sightly scar.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide

apparatus and a method for stapling internal body tissue

through a small opening, e.g., with the aid of a laparo-
scope.

-y
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Another object of the present invention is to pro-
vide apparatus and a method for performing corrective
surgery on internal wounds such as hernias where invasion
of the patient’s body tissues is minimized and resultant
trauma is reduced.

Another more particular object of the present in-
vention is to provide such apparatus and method which do
not require a formal incision or which minimize the size of
the opening in the patient’s body tissues.

Yet another particular object of the present inven-
tion is to provide in hernia cases apparatus and method for
performing corrective surgery in which handling of a
patient’s scrotum and contents is avoided.

Another object of the present invention is to pro-
vide apparatus including a surgical instrument that can be
inserted into the body cavity of the patient through a site
on the patient’s body remote from the wound.

A further particular object of the present inven-
tion is to provide such apparatus and method wherein the
surgical operation is performed from within the body cavity
of the patient, i.e., on the inner side of the hernia.

According to the invention, a method and apparatus
are provided for stapling body tissue, particularly inter-
nal body tissue reached through a small opening such as a
trocar puncture. The method and apparatus are particularly
useful for stapling body tissue to close an opening in a
body wall. For example, the invention is useful for closing
an opening in an internal body cavity through a small open-
ing made into the body cavity.

The method and apparatus thus may close an opening
such as a hernia in a body cavity such as the abdominal
cavity from within the body cavity through‘a small opening
into the cavity, as opposed to from outside the body
cavity.

While the invention is described in more detail

herein in connection with repair of a hernia, the invention
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is not limited to use only in the repair of a hernia, but
may, for example, be used to close the lumen of a vessel or
staple together tissue in reconstructive surgery.

A method for stapling body tissue in an internal
body cavity, for example, tissue defining an opening such
as a hernia in the abdominal cavity of a patient, com-
prises, in accordance with the present invention, the steps
of (a) making a small opening (incision or puncture) into
the body ca#ity at a site on the patient’s body remote from
the tissue to be stapled, (b) inserting an elongate stap-
ling instrument through the small opening, and (c) moving
the instrument through the small opening and through the
body cavity so that the distal end of the instrument is
close to the tissue to be stapled and on the internal side
of tissue in the body cavity. In another step, the two
pieces of body tissue are gripped, for example, on opposite
sides of the opening, approximated and held together, the
step of gripping occurring from the internal side of the
tissue in the body cavity. The composite step of gripping,
approximating and holding is performed with the stapling
instrument by manipulation, e.g. manually, at a proximal
end thereof. In another step of the method in accordance
with the present invention, the two pieces of body tissue
are stapled together, the step of stapling being performed
from the internal side of the tissue in the body cavity by
manipulation of the instrument at a proximal end thereof.

According to a specific embodiment of the inven-
tion, a procedure and apparatus are provided for repairing
hernias, e.g., closing the neck of the hernial sac, intra-
abdominally by means of conventional insufflation and with
the aid of a conventional operating laparoscope. A salient
aspect for the present invention is that it obviates a
major operation with all the major and minor complications
accompanying such a procedure, including ischemic orchitis
and testicular atrophy and replaces it with a minor opera-
tion whose openings are limited to only small puncture

"
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wounds, e.g., about 1/2” or less, which are less damaging
to muscle tissue and less painful to the patient than for-
mal incisions. These small puncture wounds are inserted in
the upper abdominal region, above the scarpia’s fascia, in
the area surrounding the navel, lateral to the navel, with
the puncture for the surgical apparatus being on the same
side as the hernia and remote to the hernial area so as not
to damage the muscle tissue which supports the hernial
defect.

A procedure in accordance with the invention for
intra-abdominally repairing a hernia comprises: conven-
tionally insufflating the abdomen; inserting a cannula into
the abdomen which provides a selectively sealable opening
into the abdomen through which a stapling instrument may be
introduced into the abdomen, the cannula providing a fluid-
tight (”fluid-tight” as used herein means gas-tight and
liquid-tight) seal between it and the stapling instrument
inserted therethrough and the cannula providing a seal be-
tween it and tissue defining the opening into the abdomen,
the seals being effective to substantially maintain in-
sufflation of the abdomen; providing the stapling instru-
ment with a fluid-tight internal seal effective to substan-
tially maintain insufflation of the abdomen; inserting the
stapling instrument into the abdomen through the cannula;
and stapling body tissue with the stapling instrument ad-
jacent to the hernial opening to repair it. A laparoscope
is inserted into the abdomen via a similar cannula and
fluid-tight seal to aid with the procedure. Both the
laparoscope and instrument are inserted into the abdomen
remote from the hernial area above the scarpia’s fascia.

A preferred embodiment of the procedure according
to the invention is as follows. En accordance with conven-
tional laporascopic procedures, the abdomen is insufflated
conventionally using a conventional insufflator (e.g. CO,)
and a conventional Veress needle. A puncture wound is made

with a small trocar and cannula, e.g., about 1/2” in
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diameter or less. When the trocar is removed from the can-
nula, the cannula valve seals and maintains pressure inside
the insufflated abdomen. Another small trocar and cannula
are used to make another small puncture wound, and the
trocar is then removed. As mentioned above, both puncture
wounds are made remote from the hernial area. An operating
laparoscope is inserted through one of the two cannulas and
is used to locate the hernial orifice and view the entire
procedure intra-abdominally. A stapling instrument accord-
ing to the invention is inserted into the insufflated ab-
domen through the other cannula. The instrument is long
enough to reach the hernial defect from the point of the
opening'(puncture) (lateral to the navel). The stapling
instrument has an inner pressure seal to keep gas from es-
caping from the insufflated abdomen and is shaped so as to

seal when slid into the cannula. The stapling instrument

is then operated to repair the hernia. One of the cannulas
includes a gas port which is used to maintain gas pressure
during the procedure.

The surgical instrument, for stapling interior body
tissue from inside the body of the patient, in accordance
with the invention comprises: tissue griping means for
gripping the interior body tissue to be stapled; stapling
means for stapling the interior body tissue with a surgical
staple; actuating means for activating the tissue gripping
means and the stapling means including first and second
activatdrs and movable means coupling the first and second
activators with the tissue griping means and the stapling
means, respectively; elongate frame means enclosing at
‘least a substantial part of the coupling means, the coup-
ling means being movable relative to the frame means; and
means for sealing fluid-tight within the frame means one
side of the frame means on which the tissue gripping means
and the stapling means are disposed from another side of
the frame means on which the activators are disposed, while

permitting movement of the coupling means relative to the

«
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frame means.

The surgical instrument according to the invention
has an elongated tubular section (frame means) which en-
closes and houses elongated rod-like and/or bar-like ele-
ments (movable coupling means) which engage and activate a
stapling or stapling means and a pair of forceps at the end
of the instrument. When activated the elongated elements
open and close these forceps and can activate the stapling
means. The forceps are used to pierce and hook the
peritoneum directly adjacent and on both sides of the
hernial orifice. The forceps then close the orifice and
draw the peritoneum edges of the orifice into the stapling
means. The stapling means then is activated and staples
both sides of the closed orifice together creating a high
ligation of the hernial sac. The instrument utilizes
stainless steel staples or may utilize staples made of
materials that the body absorbs, such as PGA.

The advantages of this procedure are many and in-
clude the advantage of not damaging the supporting muscle
tissue in the hernial area so as to reduce recurrence.
Another advantage includes leaving the spermatic cord in
place so as to reduce the complication of ischemic orchitis
and testicular atrophy. Another advantage includes sub-
stantially less pain to the patient and less scar tissue.
Another advantage includes a faster recovery for the
patient with less time lost from work. Another advantage
includes substantially less operative time, usually one
fourth the time it takes to perform current procedures.
Another advantage includes using local anesthesia. Another
advantage is that procedure according to the invention may
be performed as an outpatient procedure and therefore is
less costly to perform.

A surgical instrument for closing an opening, par-
ticularly a hernia, in the internal body wall of a patient
from within the body cavity of the patient comprises, in

accordance with the present invention, an elongate frame or
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superstructure, a staple storage component on the frame for
temporarily storing at least one staple, a staple forming
and ejection assembly at least in part movably mounted to
the frame for ejecting the staple from the staple storage
component into the body tissues of the patient and deformi-
ng the staple from an open position to a closed position in
which the staple holds together two pieces of body tissue
on opposite sides of the opening. In one embodiment of the
present invention, the instrument further comprises a tis-
sue positioning assembly separate from the staple forming
and ejection assembly for gripping, approximating and
temporarily holding together in a stapling position the two
pieces of body tissue prior to and during a stapling opera-
tion. In approximating the two pieces of tissue, the
positioning assembly juxtaposes the tissue edges to one an-
other and ensures that the tissue pieces lie in the same
plane. Preferably, the tissue positioning assembly is
designed to hold the two pieces of tissue in compression
during the stapling operation. Proper approximation and
tight pressing of the tissues against one another ensures a
successful closure and reduces the chances of scarring.

" In another embodiment of the present invention,
thé staple storage component includes an elongate staple
cartridge rotatably mounted to the frame at a distal end
thereof and a rotator assembly operatively connectea to the
cartridge for rotating the cartridge from an orientation
aligned with the frame to a staple ejection orientation
transverse to the frame. The rotator assembly is critical
in allowing large staples to pass through a small opening
in the abdominal wall.

A first actuator is at least in part movably
mounted to the frame and connected to the staple forming
and ejection assembly for moving at least a portion there-
of, while a second actuator separate from the first ac-
tuator is provided'for moving at least a portion of the
tissue positioning assembly prior to the stapling opera-

L



WO 89/10094 PCT/US89/01690

-0 =

tion, the second actuator being at least in part movably
mounted to the frame and connected to the tissue position-
ing assembly.

Pursuant to another feature of the present inven-
tion, the cartridge includes a staple chamber and spring
tines for preventing a staple from falling out of the cham-
ber prior to a staple ejection operation. In addition, the
cartridge is advantageously provided with an inlet opening,
a biasing spring and a staple plate for enabling the recep-
tion and storage of additional staples by the cartridge
subsequently to the stapling operation.

Pursuant to another feature of the present inven-
tion, the rotator assembly includes a rotator member
slidably mounted to the frame for longitudinal motion
therealong and a rotator link pivotably attached at one end
to the cartridge and at an opposite end to the rotator mem-
ber. The instrument further comprises a timing mechanism
mounted to the frame for controlling the initiation and
duration of motion of the rotator member. In a preferred
embodiment of the present invention, the staple forming and
ejection assembly includes an elongate plate element movab-
1y mounted to the frame, the timing mechanism including a
slot formed in the elongate plate element and a pin on the
rotator member coacting with the slot.

In accordance with further, particular, features of
the present invention, the rotator assembly further in-
cludes a biasing spring for forcing the pin against the
elongate plate element and coacting stop elements are pro-
vided on the rotator member and the frame for limiting a
range of longitudinal motion of the rotator member and con-
comitantly limiting the range of rotational motion of the
cartridge. Advantageously, the slot in the elongate plate
element is formed with beveled ends and the pin on the
rotator member has a substantially conically shaped free
end, whereby the pin is compelled to move transversely out

of the slot upon an arresting of forward longitudinal mo-
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tion of the rotator member by the coacting stop elements.
The coacting stop elements may include a floating
pin slidably mounted to the frame for controlled movement
in a direction transverse thereto, a shoulder at a proximal
end of the rotator member and an additional slot in the
elongate plate element, the additional slot being formed
with a beveled proximal end and the floating pin being pro-
- vided with conically shaped ends. In such a motion limit-
ing structure, the floating pin is forced in a camming type
motion transversely out of the slot upon an engagement of
the floating pin with the beveled proximal end of the addi-
tional slot during relative motion of the elongate plate
element and the rotator member after termination of a
cartridge rotation operation. As a result of the trans-
verse motion, the floating pin is shifted into a locking
engagement with the shoulder of the rotator member.

Pursuant to an additional feature of the present

invention, the staple forming and ejection assembly in-
cludes an anvil member with an anvil flange projecting,
dﬁring the stapling operation, into a staple forming plane
intersecting the cartridge.' The surgical instrument fur-
ther comprises a shifting mechanism for moving the anvil
flange away from the staple forming plane prior to a
cartridge rotation operation. Preferably, the anvil member
is an elongate member with a proximal end attached to the
frame and a distal end carrying the anvil flange, the
shifting mechanism including a camming projection on the
anvil member engageable with the plate member of the staple
forming and ejection assembly.

Pursuant to yet another feature of the present in-
vention, the frame carries a staple storage magazine in ad-
dition to the staple storage cartridge. A loading mechan-
ism is provided for shifting additional staples from the
storage magazine into the cartridge, and a staple arrest
device is attached to the frame for preventing motion of

staples from the magazine into the cartridge during a

o

e



WO 89/10094 PCT/US89/01690

-11-

cartridge rotation operation and the stapling operation.
The staple magazine preferably takes the form of an
elongate chamber in the frame and the loading mechanism in-
cludes a compression spring. Moreover, the staple arrest
device includes a pivotably mounted catch member having a
camming portion engageable with the plate element.

In accordance with yet a further feature of the
present invention, the tissue positioning assembly includes
a pair of tong-like gripper members mounted to the frame
for longitudinal motion therealong and a camming element
for changing the distance between the tong-like gripper
members during motion thereof so that during a closing
stroke the tissue positioning assembly simultaneously draws
two pieces of body tissue together and towards the staple
cartridge. Preferably, the second actuator is mechanically
connected to the tong-like gripper members and is spring
biased for urging the tong-like gripper members towards a
closed configuration. The tong-like gripper members are
advantageously provided with collar-like elements for
limiting the degree that the tong-like gripper members may
be inserted into the body tissues of a patient and for
ensuring the alignment of the tissue pieces in the same
plane during an approximating operation.

Pursuant to another feature of the present inven-
tion, a staple-storing cartridge at a distal end of the
suturing instrument is rotated upon insertion of the in-
strument through the small opening into the body cavity.
The step of rotating is being accomplished via manual
manipulation at the proximal end of the instrument.

The composite step of gripping, approximating and
holding advantageously includes the steps of inserting ends
of tong-like gripper members into the two pieces of tissue
and moving the tong-like gripper members towards one anoth-
er and towards the distal end of the stapling instrument.
The tissue surface when inflated presents a generally con-

cave surface to the instrument. The tong-like gripper mem-—
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bers include structure which pierces the tissue to grip it,
thus preventing the tissue from “walking away” from the
tongs when they pierce the tissue. The composite step of
gripping, approximating and holding is accomplished by
manipulation of a first mechanism of the instrument, in-
cluding the tong-like gripper members, and the step of
stapling is accomplished by manipulation of a second me-
chanism of the instrument separate and distinct from the
first mechanism.

Pursuant to yet another feature of the present in-
vention, the distal end of a laparoscope is inserted into
the body cavity to provide for visual inspection of the in-
ternal opening and the distal end of the instrument during
a stapling operation. The laparoscope may be inserted
through an external opening in the body wall of the patient
different from the external opening through which the stap-
ling instrument is inserted.

The stapling instrument and the surgical method in
accordance with the present invention minimize the number
and size of openings necessary to effect hernial repair,
thereby greatly reducing the physical and emotional trauma
of hernia patients. The openings are made at a distance
from the site of fhe.hernia, which further decreases the
trauma to that area. Because of the substantial reduction
in trauma, as well as a corresponding decrease in complica-
tions, patients operated on with an instrument in accor-
dance with the present invention can walk away from the
hospital an hour after surgery. In contrast, patients
treated with conventional procedures must remain hospital-
ized for days, or longer in cases where complications
arise.

It is to be noted that the rotatability of the
staple cartridge enables the alignment of the cartridge
with the longitudinal axis of the instrument and con-
comitantly enables an insertion of the narrow side of the

cartridge first through the external opening, thereby

ey
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decreasing the minimum required size of the opening. The
rotatability.of the staple cartridge thus allows the use of
larger staples without an increase in the size of the open-
ing through which the surgical instrument is inserted.
Other advantages of the present invention include
the possibility of using a local anesthetic rather than a
general anesthetic, an increase in the efficiency and ease
of the operation and a concomitant reduction in support
staff and operating time.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a partially schematic side elevational

view, on a reduced scale, of a surgical instrument in ac-
cordance with the present invention for suturing an open-
ing, particularly a hernial tear, in internal body tissues
of a patient, showing a staple cartridge in a longitudinal
or aligned orientation.

Fig. 2 is a side elevational view similar to Fig.
1, showing the staple cartridge in a rotated orientation.

Fig. 3 is a side elevational view, on an enlarged
scale, of the surgical instrument of Figs. 1 and 2.

Fig. 3A is a perspective view of part of the surgi-
cal instrument of Figs. 1-3, partially disassembled, show-
ing an internal seal depicted in Fig. 3.

Fig. 3B is a cross-section taken through the seal
of Fig. 3A with the handle assembled.

Fig. 4 is a view similar to Fig. 3, showing the
surgical instrument rotated 90° about a longitudinal axis.

Fig. 5 is a side elevational view of an actuator
lever on a handle portion of the instrument of Figs. 1-4.

Fig. 6 is a front elevational view of the actuator
lever of Fig. 5.

Fig. 7 is a top view, on an enlarged scaie, of a
tissue positioning assembly shown in part in Figs. 2 and 4.

Fig. 8 is a top view, on a larger scale, of a hous-
ing component of the tissue positioning assembly of Fig. 7.

Fig. 9 is a cross-sectional view taken along line
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IX-IX in Fig. 8. 7
" Fig. 10 is a partial-longitudinal cross-sectional
view taken along line X-X in Fig. 8.

Fig. 11 is a top view, on a substantially enlarged
scale, of a tong-like gripper member shown in Fig. 7.

Fig. 12 is a side elevational view of the tong-like
gripper member shown in Fig. 11.

Fig. 13 is a side elevational view of a cover plate
included in the tissue positioning assembly of Fig. 7.

Fig. 14 is a top view, on a reduced scale, of a
tissue positioning assembly actuator rod shown in part in
Figs. 3 and 7.

Fig. 15 is a side elevational view of the actuator
rod of Fig. 14.

Fig. 16 is a bottom view, on an enlarged scale, of
a channel member partially illustrated in Figs. 3 and 4.

Fig. 17 is a side elevational view of the channel
member of Fig. 16, taken from below in that drawing figure.

Fig. 18 is a top view of the channel member of
Figs. 16 and 17.

Fig. 19 is a side elevational view of the channel
member of Figs. 16-18, taken from below in Fig. 18.

Fig. 20 is a top view, on an enlarged scale, of a
plastic body member partially illustrated in Figs. 3 and 4.

Fig. 21 is a side elevational view of the plastic
body member of Fig. 20, taken from above in that drawing
figure.

Fig. 22 is a side elevational view of the plastic
body member of Fig. 20, taken from below in that drawing
figure. '

Fig. 23 is a cross-sectional view taken along line
XXITI-XXITII in Fig. 20.

Fig. 24 is a cross-sectional view taken along line
XXIV-XXIV in Fig. 20.

Fig. 25 is a cross-sectional view taken along line
- XXV- XXV in Fig. 20.
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Fig. 26 is a cross-sectional view taken along line
XXVI-XXVI in Fig. 20.

Fig. 27 is a perspective view, on an enlarged
scale, of a portion of the surgical instrument at a distal
end thereof.

Fig. 28 is a top view, on an enlarged scale, of an
anvil member shown in Fig. 4.

Fig. 29 is a side elevational view of the anvil
member of Fig. 28.

Fig. 30 is a perspective view of a distal end of
the channel member of Figs. 16-19, showing the anvil member
of Figs. 28 and 29 attached thereto.

Fig. 31 is a top view of a rotator member depicted
in Figs. 3 and 27.

Fig. 32 is a side elevational view of the rotator
member shown in Fig. 31.

Fig. 33 is a top view, on an enlarged scale, of a
spacer element attached to the rotator member of Figs. 31
and 32.

Fig. 34 is a side elevational view of the spacer
element of Fig. 33, taken from below in that drawing fig-
ure.

Fig. 35 is another side elevational view of the
spacer element of Fig. 33, taken from above in that figure.

Fig. 36 is a rear elevational view of the spacer
element of Fig. 33, taken from the right in that figure.

Fig. 37 is an exploded perspective view, showing
the relationship among the anvil member of Figs. 28-30, the
rotator member of Figs. 31 and 32, a staple release lever
shown in Fig.

3, and a staple forming and timing plate shown in Figs. 1
and 3.

Figs. 38 and 39 are partial longitudinal cross-
sectional views, on an enlarged scale, illustrating opera-
tion of a floating locking pin shown in Fig. 37.

Fig. 40 is a top view of the staple forming and
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timing plate of Figs. 1, 3 and 37.

Fig. 41 is a top view, on an enlarged scale, of a
cover plate shown in Figs. 3 and 4.

Fig. 42 is a side elevational view of the cover
plate of Fig. 41.

Fig. 43 is a side elevational view, on an enlarged
scale, of the staple release lever shown in Figs. 3 and 37.

Fig. 44 is a top view of the staple release lever
of Fig. 43.

Fig. 45 is a partial longitudinal cross-sectional
view showing the structural relationship among the staple
release lever of Figs. 43 and 44, the staple forming and
timing plate of Figs. 1, 3, 37 and 40, the channel member
of Figs. 16-19 and 30, the plastic body member of Figs. 20-
22 and the cover plate of Figs. 3 4, 41 and 42.

Fig. 46 is a top view, on an enlarged scale, of the
staple cartridge of Figs. 1-4, showing a first and a second
cartridge body portion joined together.

Fig. 47 is a sidegelevational view of the first
cartridge body portion of Fig. 46, showing a pair of staple
holding springs and a stack of surgical staples. '

Fig. 48 is a cross-sectional view taken along line
XLVIII-XLVIII in Fig. 46.

Fig. 49 is a top view, on an enlarged scale, of the
second cartridge body portion of Fig. 46.

Fig. 50 is an elevational view of the cartridge

portion of Fig. 49, taken from below in that drawing fig-
ure. '

Fig. 51 is an elevational view of the cartridge
portion of Fig. 49, taken from above in that drawing fig-
ure.

Fig. 52 is a bottom view of the cartridge body por-
tion of Figs. 49-51.

Fig. 53 is a side elevational view, on an enlarged
scale, of the first cartridge body portion of Fig. 46,
taken from above in that figure.

‘o
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Fig. 54 is a top view of the first cartridge body
portion of Fig. 46, with the staple holding springs of that
figure removed.

Fig. 55 is a side elevational view of the cartridge
body portion of Fig. 54, taken from below in that figure.

Fig. 56 is an end elevational view of the cartridge
body portion of Fig. 53, taken from the left in that fig-
ure.

Fig. 57 is an elevational view of a staple holding
spring of Figs. 46-48.

Fig. 58 is a side elevational view, on an enlarged
scale, of a staple pusher shown in Fig. 47.

Fig. 59 is a top view of the staple pusher of Fig.
58.

Fig. 60 is an end elevational view of the staple
pusher
of Figs. 47, 58 and 59, taken from the right in Fig. 58.

Fig. 61 is a side elevational view, on an enlarged
scale, of a staple holding spring member shown in Fig. 47.

Fig. 62 is a top view of the staple holding spring
of Fig. 61.

Fig. 63 is an elevational view, on an enlarged
scale, of a surgical staple in accordance with the present
invention.

Fig. 64 is a partial view of a distal end of the
staple forming and timing plate of Fig. 40 in engagement
with a surgical staple at the onset of a staple forming or
bending operation.

Fig. 65 is a view similar to Fig. 64, showing a
later stage during the staple bending operation.

Fig. 66 is a view similar to Figs. 64 and 65,
deplctlng the completion of the staple bending operation.

Figs. 67-72 are diagrams illustrating successive
steps in a cartridge rotation operation during which rela-
tive positions of selected components of a surgical instru-

ment in accordance with the present invention change.
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Fig. 73 is a diagram similar to Figs. 67-72, show-
ing the relative positions of the components of those draw-
ing figures at the términation of the staple bending opera-
tion, shown in Fig. 66. 7

Fig. 74 1is a schematic perspective view of a
patient with a hernial tear in a region about the patient’s
scrotum, showing use of the instrument of Fig. 1 in a pro-
cedure carried out in accordance with the present inven-
tion. ,

Fig. 75 is an exploded perspective view of a con-
ventional cannula and trocar used in the procedure il-
lustrated in Fig. 74.

Fig. 76 is a perspective view of a conventional
cannula and trocar with a gas stopcock used in the proce-
dure illustrated in Fig. 74.

MODES FOR CARRYING OUT THE INVENTION
As illustrated in Fig. 1, a surgical instrument for

suturing an opening such as a hernial tear in internal body

tissues of a patient comprises an elongate frame 101 in- -

cluding a cylindrical handle portion 103, a handle exten-
sion 105 integral with handle portion 103, and a narrow su-
perstructure assembly 107 inserted in and attached to hand-
le portion 103 and extension 105. Handle portion 103 car-
ries a first slidable button 109 for cocking the instru-
ment, i.e., putting the instrument into a prefiring con-
figuration, and a second slidable button 111 diametrically
opposed to the first button for operating a tissue
positioning assembly 113 shown in Fig. 2. First button 109
is mechanically coupled to a staple storing cartridge 115
via an elongate staple forming and timing plate 117 (Fig.
1), while second button 111 is operatively connected to
tissue positioning assembly llé via a gripper actuating rod
119 (Fig. 2). Handle portion 103 also carries an actuator
lever 120 which is operatively linked to staple forming and
timing plate 117 for shifting that element to bend a staple
around an anvil, as described in detail hereinafter.

°
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Fig. 2 shows the prefiring configuration of the in-
strument, i.e., the configuration immediately prior to a
pivoting of actuator lever 120. Button 109 is disposed in
a forward position and staple storing cartridge 115 has
been rotated from an aligned or longitudinal orientation
shown in Fig. 1 to a transverse staple firing orientation.
Fig. 2 illustrates in dashed lines a forward position of
putton 111 and a concomitant extended configuration of
tong-like gripper members 121 and 123, the gripper members
121 and 123 being poised for gripping two pieces of body
tissue on opposite sides of a hernial opening.

As depicted in Fig. 3, button 109 is formed with a
planar projection 125 traversing a longitudinal and radial
slot 127 in handle portion 103 and connected to a proximal
end of staple forming and timing plate 117. Projection 125
is provided with one or two longitudinally extending arms
129 disposed in a longitudinal and circumferential slot 131
in handle portion 103 for bracing slidable button 109. The
proximal end of staple forming and timing plate 117 is con-
nected to handle portion 103 via a tension spring 133 which
biases the plate element towards the proximal end of the
instrument.

Button 111 is similarly formed with a planar
projection 135 traversing a longitudinally elongate radial
slot 137 in handle portion 103 and connected to a proximal
end of actuator rod 119. Like projection 125 of button
109, projection 135 of button 111 is provided with one or
two longitudinally extending arms or fins 139 disposed in a
longitudinal and circumferential slot 141 in handle portion
103 for bracing slidable button 111. The proximal end of
actuator rod 119 is connected to a tension spring 143 in
turn connected to handle portion 103, whereby actuator rod
119 is biased towards the proximal end of the instrument.

Handle portion 103 is provided with a detent ele-
ment 145 mounted on the handle via a leaf spring member
147. Detent 145 is engageable with a proximal edge of the
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rearward arm of fin 129 for preventing, upon the attainment
of the prefiring configuration by the instrument, proximal
motion of plate element 117 and concomitantly button 109 in
response to the force exerted by tension spring 133.
Detent 145 is disengageable from the rearward arm or fin
129 by manual pushing of a release button 149 slidably dis-
posed in handle or housing 103.

Plate element 117, and activator rod 119, pass
through and are sealed within handle portion 103 by sealing
disc 150 (Fig. 3) made of a flexible and fluid- (gas and
liquid) impermeable material such as silicone rubber,
polypropylene, polyethylene, etc. Holes 152 and 154 (Fig.
3B) in sealing disc 150 are shaped to correspond to plate
117 and rod 119 and sized to form a seal about plate 117
and rod 119 while permitting plate 117 and rod 119 to slide
through the respective holes. Retainer structure
referenced generally by 156 receives disc 150 and retains
it against axial movement within handle portion 103. Disc
150 is provided with a diameter slightly larger than the
inner diameter of handle 103 adjacent retainer structure
156 so as to provide an interference fit of disc 150 in as-
sembled handle portion 103 (Fig. 3B) and a fluid-tight seal
between the outer periphery of disc 150 and the inner
periphery of handle portion 103. Handle portion 103 in-
cludes upper 103a and lower 103b parts which are sealed,
e.g., ultrasonically, to seal handle portion 103. Sealing
the interior of handle portion 103 with respect to plate
117 and rod 119 enables instrument 101 to be used in an in-
sufflated body cavity, as described, for example, in con-
nection with Figs. 74-76 and the hernial repair procedure
_ according to the inveﬁtion.

Superstructure assembly 107 comprises two principal
structural'components:'an elongate channel member 151,
shown in detail in Figs. 16-19, and a cooperating elongate
plastic body member 153, shown in detail in Figs. 20-22.
Superstructure assembly 107 carries a rotator assembly 155
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including a rotator member 157, which is engageable by
staple forming and timing plate 117, and a rotator link 159
pivotably attached at a proximal end to rotator link 159
pivotably attached at a proximal end to rotator member 157
and at a distal end to a corner of staple cartridge 115.
As explained in detail hereinafter with reference to Figs.
37 and 67-72, the rotator assembly is responsive to a por-
tion of the forward or distal motion of plate 117 to rotate
cartridge 115 from an aligned or longitudinal orientation
shown in Fig. 1 to a transverse staple firing orientation
shown in Fig. 2. Rotator member 157 carries a slidably
mounted rotator pin 343 (Figs. 37 and 67-73) held against
staple forming and timing plate 117 by a leaf spring 161.
Superstructure assembly 107 further comprises a
cover plate 163 to a distal end of which the staple
cartridge 115 is hingedly secured via a pivot pin 165.
Cover plate 163 is provided with a cutout 167 through which
a staple release lever 169 passes. AS described
hereinafter, staple release lever 169 is engageable with
staple forming and timing plate 117 to control shifting of
additional staples to cartridge 115 from a staple magazine
(not shown in Fig. 3) in superstructure assembly 107.
Staple release lever 169 is biased towards an open or
staple release position by a leaf spring 171 attached by an
ultrasonic weld at 173 to plastic body member 153.
Superstructure assembly 107 carries a slidably
mounted staple pusher 175 which shifts additional staples
longitudinally along superstructure assembly 107 towards
cartridge 115. Staple pusher 175 is forced towards the
distal end of the instrument by a compression spring 177.
Figs. 4 and 5 illustrate in side elevational view
the actuator lever 120 of Figs. 1 amd 2. Actuator lever
120 has an outer profile line 179 designed to accommodate
the fingers of a human hand and is hingedly secured via a
pivot pin 181 to a pair of brackets 183 on handle portion
103. Actuator lever 120 is biased by a torsion spring 185
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into an open or raised position shown in Fig. 4.

As illustrated in Figs. 5 and 6, actuator lever 120
has a base portion 187 provided with a projecting lug 189
having a finger extension 191. Finger extension 191
traverses a slot 193>(Fig. 3) in staple forming and timing
plate 117, whereby pivotal motion of actuator lever 120
causes a longitudinal motion of plate 117. '

Additional components of superstructure assembly
107 illustrated in Fig. 4 include an elongate anvil member
195 having a proximal end attached to channel member 151
and a distal, free, end provided with a transversely ex-
tending anvil flange 197. As described hereinafter with
reference to Figs. 67-72, staple forming and timing plate
117 cooperates with anvil member 195 to shift anvil flange
197 in a transverse direction to prevent interference with
the rotation of cartridge 115. Fig. 4 shows anvil member
195 in a shifted or bent configuration.

Fig. 4 also shows a tissue positioning assembly
housing 199 fixed at a distal end to actuator rod 119 and
having a pair of outwardly turned flanges 201 (only one
visible in Fig. 4) slidably grasped by inwardly turned fin-
gers 203 on channel member 151. The entire tissue
positioning assembly 113 shifts longitudinally in response
to motion of actuator rod 119.

Tissue Positioning Assembly

Tissue positioning assembly 113 is shown in greater
detail in Figs. 7-15. Tissue positioning assembly housing
199 takes the shape of a channel with flanges 201 disposed
aleng an open side of the channel (Fig. 9). The housing
has a base portion 205 with two different thicknesses at
opposite ends. At a distal end, the base portion is pro-
vided on opposite longitudinally extending sides with a
pair of elongate grooves 207 and 209 each terminating at a
proximal end in a respective transversely extending groove
211 or 213. At a proximal end, base portion 205 of the
tissue positioning assembly housing is similarly provided
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with an L-shaped groove 214 for receiving a hook-shaped
distal end 215 (see Fig. 14) of actuator rod 119.
As depicted in Figs. 7, 11 and 12, tong-like grip—
per members 121 and 123 are provided at their proximal ends
. with inwardly turned tips 217 and 219. Proximal portions
of gripper members 121 and 123 are received in grooves 207
and 209 in housing base 205, inwardly turned tips 217 and
219 being seated in transverse grooves 211 and 213, respec-
tively. Upon a disposition of gripper members 121 and 123
in grooves 207 and 209 and a placement of the hook-shaped
distal end 215 of actuator rod 119 in L-shaped groove 214,
a cover plate 221, shown in side elevation in Fig. 13, is
fitted into channel-shaped housing 199 over the gripper
members and the hook-shaped distal end of actuator rod 119.
Tong-like gripper members 121 and 123 are each
formed at a central location with a respective bent portion
223 and 225, whereby a forward or distal end of each grip-
per member is staggered inwardly, i.e., towards the body of
superstructure assembly 107 and cartridge 115 (see Fig. 4).
The distal end portions of gripper members 121 and 123 take
the form of outwardly bent fingers 227 and 229 having in-
wardly turned hooks 231 and 233. As described in connec-
tion with Fig. 74, hooks 231 and 233 pierce the tissue and
hook it in a secure fashion so the tissue may be gripped
and pulled. With the abdomen insufflatted, the peritoneum
directly adjacent and on both sides of the hernial orifice
in the hernia procedure described herein presents a concave
surface to the instrument distal end. This surface is under
internal gas pressure to extend away from the approaching
instrument. Hooks 231 and 233 pierce and grip the
peritoneum surface and prevent the tissue from "walking
away”. from the instrument when fingers 227 and 229 are
closed to grip the area surrounding the hernia. Fingers
227 and 229 of gripper members 121 and 123 are provided
with respective collars 235 and 237 which serve as stops to
limit the amount of tissue penetration by the fingers dur-
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ing a gripping operation and which ensure that the tissue
pieces are aligned in the same plane during an approximat-
ing and a subsequent stapling operation.

' 7 Channel or Housing Member

As shown in Figs. 16-19, channel member 151 in-
cludes an elongate base 239 and two longitudinally extend-
ing side walls 241 and 243 (Fig. 18) attached thereto. The
inwardly turned fingers 203 (Fig. 4) for slidably support-
ing tissue positioning assembly housing 199 each include a
first segment 245 located in the same plane as a respective
side wall 241 or 243 and a second segment 247 extending in-
wardly from the free end of the respective first segment,
second segment 247 being'disposed in a plane parallel to
and spaced from the plane of channel base 239. The tissue
positioning assembly support fingers 203 are formed by pun-
ching them out of base 239 and then bending them into an L~
shaped configuration, channel base 239 being formed in the
process with a plurality of apertures 249 in regions about
support fingers 203.

A leading channel part in the form of a plate-
shaped bracket 251 is connected to the distal end of chan-
nel member 151 via an inclined bight 253. Bracket 251 and
bight 253 are provided with a rectangular opening 255
flanked on an outer side of channel member 151 by a pair of
longitudinally and outwardly extending lugs 257. Rec-
tangular opening 255 is traversed by tong-like gripper mem-
bers 121 and 123, while lugs 257 serve as camming posts for
inducing a closing of tong-like gripper members 121 and 123
during a retraction stroke thereof in response to the bias-
ing force exerted by tension spring 143 (Fig. 3).

Bracket 251 is formed at a leading edge with a rec-
tangular recess 259 traversed by anvil flange 197 in an op-
erational position thereof. Bracket 251 is also formed at
its leading edge with a hole 261 which receives a pivot pin
(see.pin 437 in Figs. 53 and 55) for the mounting of
cartridge 115.

‘o
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To facilitate the attachment of channel member 151
to plastic body member 153, side walls 241 and 243 are pro-
vided with a plurality of upstanding lugs 263 which are
bent over plastic body member 153 during assembly. Side
wall 243 is additionally provided with a pair of upstanding
T-shaped locking projections 265 which mate with similarly
shaped indentations 267 along a side of plastic body member
153 (see Figs. 20 and 22).

Plastic Body Member

Plastic body member 153 is depicted in detail in
Figs. 20-26. That member, like other non-load-bearing
components of the surgical instrument, is preferably made
of a synthetic resin material such as medical grade
polycarbonate. Figs. 23, 25 and 26 show that plastic body
member 153 has a flattened generally T- shaped cross sec-
tion which accommodates side walls 241 and 243 of channel
member 151 (Fig. 25).

As illustrated particularly in Figs. 20 and 23,
plastic body member 153 is provided at a distal end with a
longitudinally extending recess 269 which serves as a guide
or track for rotator member 157. Recess 269 has a rela-
tively narrow forward portion 271 and a widened rearward
portion 273, a shoulder 275 being located at the junction
between the forward portion and the rearward portion of
recess 269. Shoulder 275 serves as an abutment which

limits the displacement of rotator member 157 in the distal

direction.

Forward portion 271 of recess 269 communicates with
a longitudinally oriented groove 277 which receives a tip
of rotator link 159, while rearward portion 273 of recess
269 is interrupted by an elongate essentially rectangular
cutout 279 in plastic body member 153.

As shown in Figs. 21 and 23-25, plastic body member
153 is provided along one side with an elongate longi-
tudinal slot 281 which is closed by side wall 241 of chan-

nel member 151 (Fig. 25) to form a staple magazine for
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holding additional staples prior to their loading into
cartridge 115. Staple pusher 175 (Fig. 3) extends at least
partially into slot 281 for pushing staples therealong and
into cartridge 115. At a distal end, plastic body member
153 has a eylindrical bore 283 which communicates with mag-
azine slot 281. As described in greater detail below with
respect to Figs. 43-45, staple release lever 169 has at a
front end a transversely extending segment 397 which passes
through bore 283 and extends into magazine slot 281 for
preventing a forward advance of staples under the action of
compression spring 177 and staple pusher 175.

The distal end of plastic body member 153 is fur-
ther provided with a prismatic recess 285 (see Figs. 20 and
24) traversed by a semicylindrical hump 287. Hump 287
serves as a support point for staple release lever 169
(Figs. 3 and 4). Distally of recess 285, a cylindrical lug
288 projects from an upper surface of plastic body member
153 for facilitating the attachment of cover plate 163
(Fig. 3) to plastic body member 153. Proximally of recess
285, a prismatic lug 289 projects from plastic body member
153 for enabling the attachment of leaf spring 171 to
plastic body member 153. An upper surface of prismatic lug
289 is welded ultrasonically to leaf spring 171, as men-
tioned above. 7

One edge of plastic body member 153 is provided
along a proximal half with a series of longitudinally
spaced, transversely oriented indentations 291 defined in
part by respective ledges 293. Indentations 291 receive
respective lugs 263 (Figs. 18 and 19) of channel member
151, the lugs being bent during an assembly operation to
conform to the shapes of the indentations. The same edge
of plastic body member 153 is formed with T-shaped indenta-
tions 267 for receiving T-shaped locking projections 265 on
channel member 151.

Along a longitudinally extending side of plastic
body member 153 opposite indentations 267 and 291, member

N
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153 is provided with a plurality of longitudinally spaced,
rectangular recesses 295 in which lugs 263 on channel side
wall 241 are disposed upon assembly of the instrument. On
a proximal end portion of plastic body member 153 is at-
tached a plate 297 which serves to secure compression
spring 177 (Fig. 3).

Fig. 27 illustrates the distal end of superstruc-
ture assembly 107 with cover plate 163, anvil member 195
and bracket 251 removed. A rectangular space 299 is formed
between base 239 of channel member 151 and a lower surface
of plastic body member 153. That space houses staple form-
ing and timing plate 117, as indicated in dot-dash lines in
Fig. 25.

Anvil Member

Anvil member 195 (Fig. 4) is illustrated in detail

in Figs. 28 and 29. Anvil member 195 is basically an

elongate metal strip having a narrow distal half 301 and a
wider proximal half 303. Anvil flange 197 is disposed at
the distal end of narrow strip half 301 which is further
provided with a shallow bent U-shaped portion 302. Anvil
member 195 carries at the distal end of wider strip half
303 a transversely extending semicircular camming projec-
tion 305. Projection 305 engages staple forming and timing
plate 117 during a forward or distal motion thereof and
thereby cooperates with that plate member to laterally bend
anvil member 195 so that anvil flange 197 is removed, dur-
ing a cartridge rotation operation, from engagement with
cartridge 115 (see rest position of the anvil Fig. 3). As
shown in Fig. 30, anvil member 197 is attached at a
proximal end to channel member 151 via an ultrasonic or
electrical spot weld 307. Camming projection 305 traverses
a rectangular opening 309 in base 239 of channel member
151.
Rotator Assembly

The several components of rotator assembly 155

(Fig. 3) are shown in Figs. 31-37. Rotator member 157
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(Figs. 31 and 32) is an elongate plate-shaped component
having three contiguous portions 311, 313 and 315 of in-
creasing width. The distal end of the most forward portion
311 is provided along one edge with a semicircular recess
317 which is traversed by a leg (not illustrated) of
rotator link 159. That rotator link leg extends through
recess 317 and into groove 277, as discussed hereinabove
with reference to Fig. 20. The third, widest, portion 315
of rotator member 157 is provided at a forward end with a
pair of circular apertures 319 and 321 and a rectangular
aperture 323. A finger 325 is connected via an inclined
web 327 to the rearward or proximal end of rotator member
157. The purpose and function of finger 325 and inclined
web 327 are explained hereinafter with respect to Fig. 37-
39. ' '
As shown in Fig. 37, rotator assembly 155 includes
a spacer element 329 attached to a side of rotator member
157 facing staple forming and timing plate 117. The spacer
element is depicted in detail in Figs. 33-36. Spacer ele-
ment 329 has an elongate prismatic body 331 with a pair of
elongate'flanges 333 and 335 in the form of cross-
sectionally rectangular beads extending the length of
spacer body 331. At a distal end, spacer body 331 is
formed with a transverse cylindrical post or peg 337 and a
circular hole 339, while at a proximal end, the spacer body
has an upstanding prismatic post or peg 341. Cylindrical
peg 337 mates with circular aperture 319 in rotator member
157 (Fig. 31), while prismatic peg 341 traverses rec-
tangular aperture 323. To a free end of peg 341 leaf
spring 161 (Fig. 3) is ultrasonically or electrically
welded. 7
- Rotator assembly 155 further includes a pin 343
(Fig. 37) which is slidably inserted through hole 339 of
spacer element 329 and aperture 321 of rotator member 157.
Pin 343 has a pointed or conical free end 345 which coacts
with beveled ends 347 and 349 of a slot 351 in staple form-

el
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ing and timing plate 117 (Figs. 37 and 40) to properly con-
trol and time the operation of rotator assembly 155. Prior
to the commencement of a cartridge rotating operation, con-
ical end 345 of pin 343 engages a surface of staple forming
and timing plate 117, as indicated generally in the ex-
ploded view of Fig. 37, while the upper end of the pin
projects through aperture 321 to slightly bend leaf spring
161 on an opposite side of rotator member 157.

Upon a forward motion of plate 117, pin 343 drops
into slot 351 under the force exerted by spring 161, and
conical pin end 345 contacts the beveled proximal end 349
of slot 351. The angles of inclination of conical end 345
and beveled end 349 and the associated coefficients of
friction are such that rotator member 157 is entrained dur-
ing continued forward motion of staple forming and timing
plate 117. At the termination of a rotation operation, the
distal end of spacer element 329 contacts shoulder 275 of
plastic body member 153 (Fig. 20) and thereby stops the
forward motion of rotator member 157. Upon the arrest of
rotator member 157, pin 343 slides upwardly along beveled
slot end 349 and is thus transversely displaced in opposi-
tion to the force exerted by leaf spring 161 so that, dur-
ing further forward motion of staple forming and timing
plate 117, conical pin end 345 slidingly engages a major
planar surface of the staple forming and timing plate.

As illustrated in Figs. 37, 38 and 39, rotator as-
sembly 155 further includes a floating pin 353 slidably
disposed in a transverse bore 355 in plastic body member
153. Floating pin 353 has a conical first end 357 and a
conical second end 359. Prior to the termination of a
rotation operation by rotator assembly 155, conical end 357
of floating pin 353 traverses or is disposed in a slot 361
in staple forming and timing plate 117 (Figs. 37- 40).
Upon an arrest of forward motion of the staple forming and
timing plate by the contact between spacer element 329 and
shoulder 275, conical pin end 357 cams against a beveled
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end 363 of slot 361, whereby pin 353 is transversely dis-
placed in bore 355 so that, during further forward motion
of st%ple forming and timing plate 117, conical pin end 359
is disposed in the plane of rotator member 157 and contacts
inclined web 327 (Fig. 32) to lock rotator member 157
against rearward motion during a stapling operation. Fin-
ger 327 serves to prevent floating pin 353 from leaving
slot 355.

As depicted in Fig. 40, staple forming and timing
plate 117 has a distal end formed with a pair of longi-
tudinally extending prongs 365 which define a rectangular
recess 367. As described in detail hereinafter with
reference to Figs. 64-66, prongs 365 cooperate with anvil
flange 197 to deform a surgical staple from an open con-
figuration to a closed configuration. Staple forming and
timing plate 117 is also provided at a distal end with a
longitudinally extending slot 369 which enables the dis-
position of anvil flange 197 in the stapling plane upon the
completion of a cartridge rotation operation. Two addi-
tional slots 371 and 373 in staple forming and timing plate
117 respectively serve to limit the motion of the staple
forming and timing plate in both the distal and proximal
directions and to receive finger extension 191 of actuator
lever 120 so that the lever can move staple forming and
timing plate 117 in the distal direction during a power
stroke of a stapling operation.

7 Cover Plate

Figs. 41 and 42 show in detail the structure of
cover plate 163 (see Figs. 3 and 4). The distal end of the
cover plate is formed with a circular hole 375 receiving
cartridge pin 165 (Figs. 3 and 53-55), an aperture 377 for
receiving cylindrical lug 288 (Figs. 20-22), and another
aperture 379 which is aliéned with bore 283 for receiving a
distal part of staple release lever 169. The distal end of
cover plate 163 is further provided with a rectangular

recess 381 for receiving a lug 263 on channel member side
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wall 241 upon a bending of the lug during assembly of the
surgical instrument. A linear cut 378 extends longi-
tudinally from the end of cover plate 163 to cutout 167,
thereby separating the distal end of the cover plate into
two parallel sections 383 and 385. Section 385 is bent to
occupy a plane transversely staggered with respect to the
plane of the other section 383 and the body of cover plate
163 (see Fig. 42). Cover plate 163 also has a rectangular
opening 387 through which prismatic lug 289 of plastic body
member 153 (see Figs. 20-22) projects, while one side edge
of cover plate 163 is formed at a proximal end with a large
rectangular cutout 389 coextensive with cutout 279 on
plastic body member 153.

As shown in Fig. 43, section 385 of cover plate 163
is provided with a laterally extending rectangular lug 386
which overlies staple release lever 169 and serves to hold
that lever in position. The relationship between lug 386,
staple release lever 169 and hump 287 of plastic body mem-
ber 153 (see Figs. 20 and 24) is depicted in Fig. 43. ILug
386 and hump 287 are disposed on opposite sides of the
staple release lever and cofunction to limit the transverse
displacement of and to form a fulcrum point for that member

Staple Release Lever
Staple release lever 169 has two straight coplanar

body segments 391 and 393 inclined with respect to one an-
other and interconnected by a bight segment 395. At a dis-
tal end, body segment 391 is provided with a transversely
extending leading segment 397 which passes through aperture
379 in cover plate 163 (Fig. 41) and bore 283 in plastic
body member 153 (Figs. 20 and 23), as pointed out above.
At a proximal end, body segment 393 is integral with a U-
shaped camming segment 399 which is bent slightly out of
the plane of body segments 391 and 393 (Fig. 44).

As illustrated in Fig. 45, U-shaped camming segment

399 of staple release lever 169 is disposed in a prismatic
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recess 401 in plastic body member 153 (Fig. 20) and engages
a surface of staple forming and timing plate 117 essential-
ly during all motion thereof. However, prior to an initial
forward motion of the staple forming and timing plate,
i.e., prior to the cocking of the instrument by button 109
(Figs. 1-3), U-shaped camming segment 399 extends into the
rectangular space 299 defined by channel member 151 and
plastic body member 153. 1In that neutral configuration of
the instrument, leading segment 397 of staple release lever
169 does not traverse any part of magazine slot 281. Upon
a pivoting of staple reléase lever 169 about hump 287 dur-
ing an initial forward motion of staple forming and timing
plate 117, leading segment 397 of the staple release lever
enters magazine slot 281 to prevent passage of staples
therealong.

The staple forming and timing plate moves forward,
i.e., towards the distal end of the instrument, initially
in response to the cocking movement of button 109 (see
Figs. 1-3). Upon the attainment by the instrument of a
prefiring configuration and upon the manipulétion of button
111 to grip new portions of internal body tissues, actuator
lever 120 is then pivoted to provide a power stroke of
staple forming and timing plate 117.

Staple Cartridge

As illustrated in Fig. 46, 47 and 48, staple
cartridge 115 comprises a first body portion 403 and a sec-
ond body portion 405 attached to one another by ultrasonic
or electrical spot welding along a joint 407. First body
portion 403, shown by itself in Figs. 49-52, is generally
U-shaped and has a pair of arms 409 and 411 connected by a
bight portion 413. Arms 409 and 411 and bight portion 413
define a prismatic recess 415 in which anvil flange 197 is
disposed during a stapling operation. Body portion 403 is
further formed with an elongate slot 417 having a flattened
T shape and extending through both arms 409 and 411, as
well as bight portion 413. During deformation of a surgi-
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cal staple into a closed configuration, staple forming and
timing plate 117 passes through the central, wider portion
of slot 417 and the bending of the staple around anvil
flange 197 takes place at least partially in slot 417.
Arms 409 and 411 accordingly extend from bight portion 413
to prevent a twisting of the staple during a staple forming
operation prior to entry of the staple into the tissue.

On a side opposite arms 409 and 411, first body
portion 403 of cartridge 115 is provided with a flat
projection 419 which is inserted into second body portion
405 (see Fig. 48). First body portion 403 is additionally
provided with a pair of grooves 421 and 423 which communi-
cate with respective holes 425 and 427 in the body portion.
The grooves and the holes receive portions of respective
staple holding springs 429 and 431, illustrated in Figs.
46-48. In addition, arm 411 of the first body portion 403
is formed in one corner with a cylindrical bore 433 which
receives an end of rotator link 159 (Figs. 3 and 4).

Figs. 53-56 show in detail the structure of body
portion 405 of cartridge 115. Body portion 405 takes basi-
cally an elongate prismatic shape provided on opposite
sides with a pair of outwardly extending cylindrical lugs
or pegs 165 and 437. As mentioned hereinabove, peg 165 is
received in hole 375 of cover plate 163, while peg 437 is
received in hole 261 on bracket 251 of channel member 151.
Body portion 405 is also provided on opposite sides with
two pairs of grooves 439, 441 and 443, 445 in which staple
holding springs 429 and 431 are seated.

Cartridge body portion 405 defines a staple storing
chamber 447 which communicates with an elongate passageway
449 through which staple forming and timing plate 117 moves
during a stapling operation. One corner of body portion
405 is cut out to form a rectangular recess 451 which com-
municates with chamber 447 via a staple entrance gap 453
defined in part by two beveled surfaces 455 and 457.

As depicted in Figs. 47 and 48, staple holding
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springs 429 and 431 substantially surround cartridge body
portion 405 and have portions extending transversely
through cartridge 115 and across slot 417 to hold surgical
staples 459 in cartridge 115. The portions of springs 429
and 431 which extend into slot 417 are bent outwardly, un-
der force transmitted via staple forming and timing plate
117, to allow passage of a staple during a stapling opera-
tion. Staple holding spring 431 alone is illustrated in
Fig. 57.

As indicated in Fig. 47, cartridge 115 also carries
a staple pusher 461 and a staple biasing spring 463.
Staple pusher, shown in detail in Figs 58-60, essentially
takes the form of a flat plate 465 provided along two edges
with a rim 467 and having an angled flange or wing 469 ex-
tending from another edge. Along an edge or long side of
plate 465, rim 467 is formed with a rectangular recess 471,
plate 465 having a rectangular finger 473 disposed next to
the recess and in the plane of the plate. Finger 473
projects into an opening or window 474 (Fig. 53) provided
on a rear wall of cartridge body portion 405 to limit the
range of motion of staple pusher 461 within chamber 447
(Fig. 55). ‘

Figs. 61 and 62 illustrate staple biasing spring
463 in detail. The spring includes a central body 475 hav-
ing two wing- like extensions 477 and 479 projecting at an
angle with respect to body 475. The body additionally has
a neck or head projection 481 which, like finger 473 of
staple pusher 461, passes through opening or window 474.

Staple and Staple Bending Operation

A staple 459, stainless steel or absorbable, used
in a surgical instrument pursuant to the present invention
comprises a pair of legs 483 and 485 connected to one an-
other via a bight section 487, as shown in Fig. 63. Each
leg 483 and 485 is oriented preferably at an acute angle B,
of approximately 80° to 85° with respect to bight section
487. 1In addition, the free end of each leg 483 and 485 is
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chamfered at an angle B2 of approximately 60° with respect
to bight section 487. The inclination of the staple legs
serves in part tb prevent the legs from bending and to pre-
vent the tissue from slipping off of the legs during a
staple closing operation.

At the onset of a staple bending or deformation
process, depicted in Figs. 64-66, prongs 365 of staple
forming and timing plate 117 engage bight section 487 at
opposite ends thereof and push the bight section against
anvil flange 197. As staple forming and timing plate 117
continues its forward or distal motion in response to a
power stroke of actuator lever 120, bight section 487 bends
inwardly at the edges of anvil 197 (Fig. 65). At the
termination of the power stroke of actuator lever 120 and
staple forming and timing plate 117, staple 459 has assumed
a generally rectangular shape (Fig. 66) with the free ends
of staple legs 483 and 485 overlapping one another in a
criss-cross configuration. The inclination of the staple
legs with respect to the bight portion and the concomitant
criss-cross configuration of the staple legs in the bent
state of the staple serves to tightly lock the tissue
pieces to one another. It is to be noted that anvil flange
197 has a width which is less than the width of rectangular
recess 367 so that prongs 365 can bend staple 459 around
anvil flange 197 as shown in the drawing figures.

Cartridge Rotation Operation

Figs. 67 through 72 depict successive steps in the
rotation of cartridge 115 by rotator assembly 155, while
Fig. 73 shows a final stage in a staple bending operation.
In a neutral or precocking configuration of the surgical
instrument, shown in Fig. 67, anvil flange 197 rests
against an outer surface of cartridge 115. In addition,
staple release lever 169 is in an angled or opened orienta-
tion in which the leading segment 397 of the staple release
lever is removed from the staple path along magazine slot
281 (Figs. 20-21, 23-25 and 45). In this orientation of
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staple release lever 169, staples 459 can be shifted by

staple pusher 175 and compression spring 177 (Fig. 3) from

magazine slot 281 through staple entrance gap 453 (Fig. 56)
into staple holding chamber 447 (Fig. 55) of cartridge 115.
Provided that the staple holding chamber is not already
filled with surgical staples 459, an additional staple en-
tering the cartridge through gap 453 slides against flange
or wing 469 of pusher 461 and into the cartridge.

In the neutral or precocking configuration of the
instrument, U-shaped camming segment 399 of staple release
lever 169 is partially disposed in recess 367 at the distal
end of staple forming and timing plate 117 (alternatively,
segment 399 may be disposed distally of a prong 365 of
plate 117). Under pressure exerted by leaf spring 161
(Fig. 3), rotator pin 343 engages a major surface or face
of staple forming and timing plate 117 proximally of slot
369, while floating pin 353 projects downwardly into slot
361 (see also Fig. 38).

Upon the initiation of a cartridge rotation opera-
tion, staple release lever 169 is pivoted about hump 287
(Figs. 20 and 24) by the engagement of UZShaped camming
segment 399 with a leading end of staple forming and timing
plate 117. As illustrated in Fig. 68, staple release lever
169 is rotated into a staple holding orientation generally
parallel to staple forming and timing plate 117. In this
orientation of the staple release lever, leading segment
397 thereof extends at least partially into magazine slot
281 and locks the staples therein against shifting towards
cartridge 115 (see Fig. 45). Inasmuch as staple release
lever 169 maintains the same staple holding orientation
throughout the remainder of the cartridge rotation cycle,
the staple release lever has been omitted from Figs. 69-73.

Upon further forward motion of staple forming and
timing plate 117 during a cocking of the instrument via
pushbutton 109 (Figs. 1-3), camming projection 305 on anvil
‘member 197 contacts a prong 365 of plate 117 and, in cam-
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ming against that plate, further bends the anvil member and
concomitantly shifts anvil flange 197 from cartridge 115,
as indicated in Fig. 69.

After the lateral shifting of anvil flange 197 and
upon further forward motion of staple forming and timing
plate 117, rotator pin 343 drops into slot 351 on staple
forming and timing plate 117 under pressure exerted on the
pin by leaf spring 161. The conical free end 345 of pin
343 then contacts the beveled proximal end 349 of slot 351
(Fig. 70). As stated above, the angles of inclination of
conical end 345 and beveled end 349 and the associated
coefficients of friction are such that rotator member 157
is entrained by staple forming and timing plate 117. Upon
engagement of conical pin end 345 and beveled slot end 349,
forward motion of the staple forming and timing plate
pushes rotator member 157 and rotator link 159 towards the
distal end of the instrument. That longitudinal motion
causes a rotation of cartridge 115, as indicated in Figs.
70-72.

Upon a 90° rotation of cartridge 115, the distal
end of spacer element 329 abuts against shoulder 275 (Fig.
20) and thereby prevents further forward motion of rotator
member 157. Further forward motion of staple forming and
timing plate 117 during the cocking operation causes pin
343 to cammingly slide along beveled end 349 of slot 351
and thereby shift in a transverse direction in opposition
to the biasing force exerted by leaf spring 161. Pin 343
then once again contacts a major longitudinal surface of
the staple forming and timing plate (Figs. 72 and 73). At
the same time, floating pin 353 ascends beveled end 363 of
slot 361 and engages inclined web 327 to lock rotator mem-
ber 157 against rearward or proximal motion. Subsequently,
camming projection 305 on anvil member 195 enters slot 369
in staple forming and timing plate 117. Upon the termina-
tion of a cocking operation executed via pushbutton 109

(Fig. 1-3), the various operative components of the surgi-
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cal instrument have the prefiring configuration illustrated
in Fig. 72.

During the power stfoke of actuator lever 120 and
staple forming and timing plate 117, camming projection 305
is disposed within slot 369 of the staple forming and
timing plate, while the rotator assembly 155 remains locked
into position by the coaction of spacer element 329 and
shoulder 275, on the one hand, and floating pin 353 and in-
clined web 327, on the other hand. The power stroke of the
device deforms a staple 459 into a closed configuration, as
discussed hereinabove with reference to Figs. 64-66.

Use in Corrective Surgery

Fig. 74 illustrates a stage in a surgical procedure
using an instrument 101 in accordance with the present in-
vention. As indicated in the drawing, a hernial opening
501 in the abdominal wall of a patient may lead to a
hernial sac 503 which may contain intestinal material.
Both hernial sac 503 and the intestinal material contained
therein may lie in the scrotal sac 505.

According to the invention, the neck of hernial sac
503 is closed intra-abdominally with the aid of conven-
tional insufflation according to conventional laparoscopic
abdominal procedures. The abdomen is insufflated conven-
tionally using a conventional CO, insufflator and a conven-
tional Veress needle. Two trocars and cannulas 506a, 507a
each having a diameter of less than about 1/2 with remov-
able trocars 506b, 507b are inserted into the abdomen 509.
Trocars and cannulas 506a,b and 507a,b, depicted in Figs.
75 and 76, respectively, are conventional. Each cannula
with trocar'506a,b, 507a,b is inserted into the abdomen
conventionally and the respective trocar 506b, 507b
removed. Each cannula 506a, 507a includes a trumpet valve
that closes and seals the respective cannula after the
respective trocar is removed to maintain insufflation. The
cannulas with trocars 506a,b, 507a,b are inserted above the

scarpia’s fascia in the area surrounding the navel. With
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the trocar removed from the respective cannula, the valve
of the cannula seals and maintains pressure inside the in-
sufflated abdomen. An operating laparoscope 511 is in-
serted through cannula 507a and is used to locate the
hernial orifice and view the entire procedure intra-
abdominally. Surgical instrument 101 according to the in-
vention is inserted into the insufflated abdomen through
cannula 506a. Instrument 101 is long enough to reach the
hernial defect from the point of the external opening
(lateral to the navel). The surgical instrument has an in-
ner pressure seal 150, 156 (Figs. 3-3B) to keep gas from
escaping from the insufflated abdomen and is shaped so as
to seal when slid into cannula 506a. Cannula 507a includes
a gas port 507c through which gas pressure in the in-
sufflated abdomen is maintained via tubing and conventional
equipment.

A distal portion of instrument 101, with the staple
cartridge 115 aligned with the superstructure 107, is in-
serted through cannula 506 and advanced through the body
cavity 515 so that a distal end of the instrument lies
close to the hernial opening 501 while remaining on the in-
ternal side of the opening. As described hereinabove with
reference to Figs. 67-72, button 109 is then pushed in a
distal direction to rotate cartridge 115 and to put the in-
strument 101 in a prefiring configuration. Subsequently,
button 111 is pushed forwardly to open tong-like gripper
members 121 and 123 and to shift them in the distal direc-
tion. The instrument is then manipulated until the inward-
ly turned hooks 231 and 233 pierce and have been inserted
into respective parts of peritoneum tissue on opposite
sides of, and at points near an end of, hernial opening
501. Button 111 is released and tension spring 143 (Fig.
3) pulls gripper members 121 and 123 rearwardly so that the
two pieces of body tissue on opposite sides of the hernial
opening 501 are pierced and gripped, approximated and held
together by tissue positioning assembly 113. It is to be
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noted at this juncture that the tissue gripping, approxi-
mating and holding is accomplished from the internal side
of the hernial opening which presents a concave surface to
the instrument. Providing the instrument with hooks 231
and 233 enables the instrument to grip the concave
peritoneum tissue, as described above.

Upon the retraction and closing of tong-like grip-

per members 121 and 123 through the action of tension

spring 143, the two pieces of body tissue are stapled to-
gether from the internal side of the opening, the step of
stapling being performed by squeezing actuator lever 120
against handle portion 103 of the instrument. The staple
459 is then bent into a closed configuration holding the
two pieces of tissue together, as discussed hereinabove.

Upon the execution of the first stapling operation,
tissue positioning assembly 113 is operated to release the
gripped tissues and cartridge 115 is rotated back into a
longitudinal orientation in which the cartridge is aligned
with superstructure assembly 107. This counterrotation
enables the loading of another staple into cartridge 115
and the removal of the formed staple suture from the anvil
flange 197. Cartridge 115 is then rotated again as de-
scribed hereinabove with respect to Figs. 67- 72, whereupon
the instrument is again manipulated to insert hooks 231 and
233 into the respective pieces of internal body tissue on
opposite sides of hernial tear 501 at points proximate to
but spaced from the suture. As before, button 111 is
released and tension spring 143 (Fig. 3) pulls gripper mem-
bers 121 and 123 rearwardly so that the two pieces of body
tissue on opposite sides of the hernial opening 501 are
gripped, approximated and held together by tissue position-
ing assembly 113. The operation proceeds in this manner
until the hernial opening or tear 501 is closed. Sub-
sequently, the staple cartridge is rotated into its longi-
tudinal or aligned orientation prior to removal of instru-
ment 101 from the patient’s body 509.

~
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Although the invention has been described in terms
of particular embodiments and applications, one of ordinary
skill in the art, in light of this teaching, can generate
additional embodiments and modifications without departing
from the spirit of or exceeding the scope of the claimed
invention. Accordingly, it is to be understood that the
drawings and descriptions herein are proffered by way of
example to facilitate comprehension of the invention and

should not be construed to limit the scope thereof.
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CLATMS

1. A surgical instrument for suturing an opening
in internal body tissues of a patient form inside a body
cavity of the patient, said instrument comprising:

elongate frame means for providing a superstructure
for the instrument;

staple storing means on said frame means for
temporarily storing at least one staple;

staple forming and ejection means at least in part
movably mounted to said frame means for ejecting said
staple from said staple storing means into said body tissue
and deforming said staple from an open position to a closed
position in which said staplé holds together two pieces of
said body tissue;

first actuating means at least in part movably
mounted to said frame means and connected to said staple
forming and ejection means for moving at least a portion
thereof;

tissue positioning means separate from said staple
forming and ejection means and mounted to said frame means
for gripping, approximating and temporarily holding in a
stapling position said two pieces of body tissue prior to
and during a stapling operation;

second actuating means separate from said first ac-
tuating means for moving at least a portion of said tissue
positioning means prior to said stapling operation, said
second actuating means being at least in part movably
mounted to said frame means and connected to said tissue
positioning means.

2. The instrument defined in claim 1 wherein said
instrument includes a distal end adjacent which at least
part of said staple forming and ejection means and at least
of part said tissue positioning means are exposed from said
frame means, said instrument also including a proximal end
and means mounted to said frame means for sealing fluid-

tight said distal end of said instrument from said proximal
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end of said instrument.

3. The instrument defined in claim 1 wherein said
staple storing means includes an elongate staple cartridge
rotatably mounted to said frame means at a distal end
thereof, further comprising rotator means operatively con-
nected to said cartridge for rotating said cartridge from
an orientation aligned with said frame means to a staple
ejection orientation transverse to said frame means.

4. The instrument defined in claim 3 wherein said
cartridge includes a staple chamber and means including
spring tines for preventing a staple from falling out of
said chamber prior to a staple ejection operation.

5. The instrument defined in claim 4 wherein said
cartridge is provided with means for receiving and storing
additional staples subsequently to said stapling operation,
said means for receiving and storing including an inlet
opening, a biasing spring and a staple plate.

6. The instrument defined in claim 3 wherein said
rotator means includes a rotator member slidably mounted to
said frame means for longitudinal motion therealong and a
rotator link pivotably attached at one end to said
cartridge and at an opposite end to said rotator member.

7. The instrumerit defined in claim 6, further com-
prising timing means mounted to said frame means for con-
trolling the initiation and duration of motion of said
rotator member.

8. The instrument defined in claim 7 wherein said
staple forming and ejection means includes an elongate
plate element movably mounted to said frame means, said
timing means including a slot formed in said elongate plate
element and a pin on said rotator member coacting with said
slot.

9. The instrument defined in claim 8 wherein said
rotator means further includes spring biasing means for
forcing said pin against said elongate plate element.

10. The instrument defined in claim 9, further
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comprising stop means including coacting elements on said
rotator member and said frame means for limiting a range of
longitudinal motion of said rotator member and concomitant-
ly limiting a range of rotational motion of said cartridge.

11. The instrument defined in claim 10, wherein
said slot is provided with beveled ends and said pin is
formed with a substantially conically shaped free end,
whereby said pin is compelled to moved transversely out of
said slot upon an arresting of longitudinal motion of said
rotator member by said stop means.

12. The instrument defined in claim 10 wherein
said stop means includes a floating pin slidably mounted to
said frame means for controlled movement in a direction
transverse thereto, a shoulder at a proximal end of said
rotator member and an additional slot in said elongate
plate element, said additional slot being formed with a
beveled proximal end and said floating pin being provided
with conically shaped ends, whereby said floating pin is
forced in a camming type motion transversely out of said
slot upon an engagement of said floating pin with said
beveled proximal end during relative motion of said
elongate plate element and said rotator member after
termination of a cartridge rotation operation and is simul-
taneously moved into a locking engagement with said
shoulder.

13. The instrument defined in claim 7 wherein said
staple forming and ejection means includes an anvil member
with an anvil flange projecting, during said stapling oper-
ation, into a staple forming plane intersecting said
cartridge, further comprising shifting means for moving
said anvil flange transversely away from said staple form-
ing plane prior to a cartridge rotation operation.

14. The instrument defined in claim 13 wherein
said staple forming and ejection means includes an elongate
plate element movably mounted to said frame means, séid

timing means including a slot formed in said elongate plate

o

af



o

WO 89/10094 PCT/US89/01690

-4 5=

element and a pin on said rotator member coacting with said
slot, said anvil member being an elongate member with a
proximal end attached to said frame means and a distal end
carrying said anvil flange, said shifting means including a
camming projection on said anvil member engageable with
said plate member.

15. The instrument defined in claim 7, further
comprising additional storing means in said frame means for
holding additional staples, loading means for shifting said
additional staples from said additional storing means into
said cartridge, and staple arrest means for preventing mo-
tion of said additional staples during a cartridge rotation
operation and said stapling operation.

16. The instrument defined in claim 15 wherein
said additional storing means includes an elongate chamber
in said frame means and wherein said loading means includes
a compression spring.

17. The instrument defined in claim 16 wherein
said staple forming and ejection means includes an elongate
plate element movably mounted to said frame means and
wherein said staple arrest means includes a catch member
pivotably. mounted to said frame means, said timing means
including a slot formed in said elongate plate element and
a pin on said rotator member coacting with said slot, said
catch member having a camming portion engageable with said
plate element.

18. The instrument defined in claim 3 wherein said
staple forming and ejection means includes an anvil member
with an anvil flange projecting, during said stapling oper-
ation, into a staple forming plane intersecting said
cartridge, further comprising shifting means for moving
said anvil flange transversely away from said staple form-
ing plane prior to a cartridge rotation operation.

19. The instrument defined in claim 18 wherein
said staple forming and ejection means includes an elongate
plate element movably mounted to said frame means, said an-
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vil member being an elongate member with a proximal end at-
tached to said frame means and a distal end carrying said
anvil flange, said shifting means including a camming
perection on said anvil member engageable with said plate
member. ,

20. The instrument defined in claim 3, further
comprising additional storing means in said frame means for
holding additional staples, lbading means for shifting said

additional staples from said additional storing means into
said cartridge, and staple arrest means for preventing mo-
tion of said additional staples during a cartridge rotation
operation and said stapling operation.

21. The instrument defined in claim 20 wherein
said additional storing means includes an elongate chamber
in said frame means and wherein said loading means includes
a compression spring. '

22. The instrument defined in claim 20 wherein
said staple forming and ejection means includes an elongate
.plate element movably mounted to said frame means and
wherein said staple arrest means includes a catch member
pivotably mounted to said frame means, said catch member
having a camming portion engageable with said plate ele-
ment.

23. The instrument defined in claim 1 wherein said
tissue positioning means includes a pair of tong-like grip-
per members mounted to said frame means for longitudinal
motion therealong and camming means for changing a distance
between said tong-like gripper members during motion there-
of so that during a closing stroke said tissue positioning
means simultaneously draws said two pieces of body tissue
together and towards said staple storing means.

24. The instrument defined in claim 23 wherein
said second actuating'means includes an actuator member me-
chanically connected to said tong-like gripper members and
further includes biasing means engaging said actuator mem-

ber for biasing said tong-like gripper members towards a
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closed configuration.

' 25. The instrument defined in claim 24 wherein
said biasing means includes a tension spring fastened at
one end to said frame means and at an opposite end to said
actuator member.

26. The instrument defined in claim 25 wherein
said second actuating means includes a knob for enabling an
operator to push said actuator member from a proximal end
of the instrument towards a distal end thereof in opposi-
tion to a force exerted by said tension spring.

27. The instrument defined in claim 23 wherein
each of said tong-like gripper members is provided with
means including a collar-like element for limiting the
amount of insertion of said tong-like gripper members into
the body tissues of the patient.

28. The instrument defined in claim 3 wherein said
staple forming and ejection means includes an anvil member
with an anvil flange projecting, during said stapling oper-
ation, into a staple forming plane intersecting said
cartridge, further comprising (a) shifting means for moving
said anvil flange transversely away from said staple form-
ing plane prior to a cartridge rotation operation, (b) ad-
ditional storing means in said frame means for holding ad-
ditional staples, (c) loading means for shifting said addi-
tional staples from said additional storing means into said
cartridge, (d) staple arrest means for preventing motion of
said additional staples during a cartridge rotation opera-
tion and said stapling operation, and (e) timing means for
timing rotation of said cartridge, shifting of said anvil
flange and operation of said staple arrest means.

29. The instrument defined in claim 27 wherein
said staple arrest means includes a catch member pivotably
mounted to said frame means, said timing means includes (a)
an elongate plate element movably mounted to said frame
means, (b) a camming projection on said anvil member
engageable with said plate element, (c) a camming portion
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of said catch member engageable with said plate element,
and (d) a rotator member slidably mounted to said frame
means and a slot formed in said plate element coacting with
a pln on said rotator member.

30. The instrument defined in claim 28 wherein
said plate element is connected to said frame means by a
biasing spring.

31. A surgical instrument for suturing an opening
in internal body tissues of a patient from inside a body
cavity of the patient, said instrument comprising:

elongate frame means for providing a superstructure
for the instrument; '

staple storing means on said frame means for
temporarily storing at least one staple, said staple stor-
ing means including an elongate staple cartridge rotatably
mounted to said frame means at a distal end thereof:

rotator means mounted to said frame means and oper-
atively connected to said cartridge for rotating said
cartridge from an orientation aligned with said frame means
to a staple ejection orientation transverse to said frame
means; 7

staple forming and ejection means at least in part
movably mounted to said frame means for ejecting said
staple from said staple storing means into the body tissue
upon'the termination of a rotation operation and deforming
said staple from an open position to a closed position in
which said staple holds together two pieces of body tissue;
and

tissue positioning means on said frame means for
gripping, approximating and holding in stapling position
said two pieces of body tissue prior to and during a stap-
ling operation.

32. The instrument defined in claim 31 wherein
said instrument includes a distal end adjacent which at
least part of said staple forming and ejection means and at
least of part said tissue positioning means are exposed
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from said frame means, said instrument also including a
proximal end and means mounted to said frame means for
sealing fluid-tight said distal end of said instrument from
said proximal end of said instrument.

33. The instrument defined in claim 31 wherein
said tissue positioning means is separate and distinct from
said staple forming and ejection means.

34. The instrument defined in claim 31 wherein
said cartridge includes a staple chamber and means includ-
ing spring tines for preventing a staple from falling out
of said chamber prior to a staple ejection operation.

35. The instrument defined in claim 34 wherein
said cartridge is provided with means for receiving and
storing additional staples subsequently to said stapling
operation, said means for receiving and storing including
an inlet opening, a biasing spring and a staple plate.

36. The instrument defined in claim 31 wherein
said rotator means includes a rotator member slidably
mounted to said frame means for longitudinal motion there-
along and a rotator link pivotably attached at one end to
said cartridge and at an opposite end to said rotator mem-
ber.

37. The instrument defined in claim 36, further
comprising timing means mounted to said frame means for
controlling the initiation and duration of motion of said
rotator member.

38. The instrument defined in claim 37 wherein
said staple forming and ejection means includes an elongate
plate element movably mounted to said frame means, said
timing means including a slot formed in said elongate plate
element and a pin on said rotator member coacting with said
slot.

39. The instrument defined in claim 38 wherein
said rotator means further includes spring biasing means
for forcing said pin against said elongate plate element.

40. The instrument defined in claim 39, further
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comprising stop means including coacting elements on said
rotator member and said frame means for limiting a range of
longitudinal motion of said rotator member and concomitant-
ly limiting a range of rotational motion of said cartridge.

41. The instrument defined in claim 40, wherein
said slot is provided with beveled ends and said pin is
formed with a substantially conically shaped free end,
whereby said pin is compelled to moved transversely out of
said slot upon an arresting of longitudinal motion of said
rotator member by said stop means.

42. The instrument defined in claim 40 wherein
said stop means includes a floating pin slidably mounted to
said frame means for controlled movement in a direction
transverse thereto, a shoulder at a proximal end of said
rotator member and an additional slot in said elongate
plate element, said additional slot being formed with a
beveled proximal end and said floating pin being provided
with conically shaped ends, whereby said floating pin is
forced in a camming type motion transversely out of said
slot upon an engagement of said floating pin with said
beveled proximal end during relative motion of said
elongate plate element and said rotator member after
termination of a cartridge rotation operation and is simul-
taneously moved into a locking engagement with said
shoulder.

43. The instrument defined in claim 37 wherein
said staple forming and ejection means includes an anvil
member with an anvil flange projecting, during said stap-
ling operation, into a staple forming plane intersecting
said cartridge, further comprising shifting means for
moving said anvil flange transversely away from said staple
'forming plane prior to a cartridge rotation operation.

44, The instrument defined in claim 43 wherein
saild staple forming and ejection means includes an elongate
plate element movably mounted to said frame means, said

timing means including a slot formed in said elongate plate
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element and a pin on said rotator member coacting with said
slot, said anvil member being an elongate member with a
proximal end attached to said frame means and a distal end
carrying said anvil flange, said shifting means including a
camming projection on said anvil member engageable with
said plate member.

45. The instrument defined in claim 37, further
comprising additional storing means in said frame means for
holding additional staples, loading means for shifting said
additional staples from said additional storing means into
said cartridge, and staple arrest means for preventing mo-
tion of said additional staples during a cartridge rotation
operation and said stapling operation.

46. The instrument defined in claim 45 wherein
said additional storing means includes an elongate chamber
in said frame means and wherein said loading means includes
a compression spring.

47. The instrument defined in claim 46 wherein
said staple forming and ejection means includes an elongate
plate element movably mounted to said frame means and
wherein said staple arrest means includes a catch member
pivotably mounted to said frame means, said timing means
including a slot formed in said elongate plate element and
a pin on said rotator member coacting with said slot, said
catch member having a camming portion engageable with said
plate member. )

48. A method for stapling body tissue of a patient
situated in an internal body cavity of the patient from
within the body cavity through a small opening into the
body cavity, said method comprising the steps of:

making said small opening into the body cavity at a
site on the patient’s body remote from said body tissue to
be stapled in said internal body cavity:

inserting an elongate stapling instrument through
said small opening;

moving said instrument through said small opening
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and through said internal body cavity so that the distal
end of said instrument is close to said body tissue to be
stapled and on an internal side of said body tissue in said
body cavity;

gripping, approximating and holding together in a
stapling position two pieces of said body tissue from said
internal side thereof, the composite step of gripping, ap-
proximating and holding being performed remotely from body
tissue pieces with said instrument by manipulation at a
proximal end thereof; and

stapling together said two pieces of said body tis-
sue from said internal side, said étep of stapling being
performed with said instrument by manipulation at said
proximal end thereof.

49. The method defined in claim 48, further com-
prising the step of rotating a staple-storing cartridge at
said distal end of said instrument upon insertion thereof
through said small opening into said body cavity, said step
of rotating being accomplished via manipulation at said
proximal end of said instrument.

50. The method defined in claim 49 wherein said
composite step of gripping, approximating and holding in-
cludes the steps of inserting ends of tong-like gripper
members into said two pieces of body tissue and moving said
tong-like gripper members towards one another and towards
said distal end of said instrument.

51. The method defined in claim 50 wherein said
composite step of gripping, approximating and holding is
accomplished by manipulation of a first mechanism of said
instrument, including said tong-like gripper members, and
wherein said step of stapling is accomplished by manipula-
tion of a second mechanism of said instrument separate and
distinct from said first mechanism.

52. The method defined in claim 48, further com-
prising the step of inserting a distal end of a laparoscope
into said body'cavity to provide for visual inspection of

“N
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said body tissue and the distal end of said instrument dur-
ing a stapling operation.

53. The method defined in claim 52 wherein said
distal end of said laparoscope is inserted through another
small opening of the patient different from said small
opening.

54. The method defined in claim 48 wherein said
small opening is approximately one-half inch wide.

55. The method defined in claim 48 wherein said
composite step of gripping, approximating and holding in-
cludes the steps of inserting ends of tong-like gripper
members into said two pieces of body tissue and moving said
tong-like gripper members towards one another and towards
said distal end of said instrument.

56. The method defined in claim 48 wherein said
composite step of gripping, approximating and holding is
accomplished by manipulation of a first mechanism of said
instrument, including said tong-like gripper members, and
wherein said step of stapling is accomplished by manipula-
tion of a second mechanism of said instrument separate and
distinct from said first mechanism.

57. A method for stapling body tissue of a patient
to close an internal opening in a body wall situated in an
internal body cavity of the patient from within the body
cavity through a small opening into the body cavity, said
method comprising the steps of:

making said small opening into said body cavity at
a site on the patient’s body remote from said body tissue
to be stapled;

inserting an elongate stapling instrument through
said small opening; _

moving said instrument through said small opening
and through said internal body cavity so that the distal
end of said instrument is close to said internal opening
and on an internal side of said internal opening in said

body cavity:
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gripping, approximating and holding together in a
stapling position two pieces of said body tissue on oppo-

site sides of said internal opening from said internal side

thereof, the composite step of gripping, approximating and

holding being performed remotely from internal opening with
said instrument by manipulation at a proximal end thereof;
and

stapling togethef said two pieces of said body tis-
sue to close said internal openihg from said internal side,
said step of stapling being performed with said instrument
by manipulation at said proximal end thereof.

58. The method defined in claim 57, further com-
prising the step of rotating a staple~storing cartridge at
said distal end of said instrument upon insertion thereof
through said small opening into said body ‘cavity, said step
of rotating being accomplished via manipulation at said
proximal end of said instrument.

59. The method defined in claim 58 wherein said
composite step of gripping, approximating and holding in-
cludes the steps of inserting ends of tong-like gripper
members into said two pieces of body tissue and moving said
tong-like gripper members towards one another and towards
said distal end of said instrument.

60. The method defined in claim 59 wherein said
composite step of gripping, approximating and holding is
accomplished by manipulation of a first mechanism of said

instrument, including said tong-like gripper members, and

wherein said step of stapling is accomplished by manipula-
tion of a second mechanism of said instrument separate and
distinct from said first mechanism.

61. The method defined in claim 57, further com-
prising the step of inserting a distal end of a laparoscope
into said body cavity to provide for visual inspection of
said body tissue and the distal end of said instrument dur-
ing a stapling operation.

62. The method defined in claim 60 wherein said

Rl
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distal end of said laparoscope is inserted through another
small opening of the patient different from said small
opening.

63. The method defined in claim 57 wherein said
small opening is approximately one-half inch wide or small-
er.

64. The method defined in claim 57 wherein said
composite step of gripping, approximating and holding in-
cludes the steps of inserting ends of tong-like gripper
members into said two pieces of body tissue and moving said
tong-like gripper members towards one another and towards
said distal end of said instrument.

65. The method defined in claim 57 wherein said
composite step of gripping, approximating and holding is
accomplished by manipulation of a first mechanism of said
instrument, including said tong-like gripper members, and
wherein said step of stapling is accomplished by manipula-
tion of a second mechanism of said instrument separate and
distinct from said first mechanism.

66. A surgical staple for use in closing an open-
ing in internal body tissues of a patient, said staple com-
prising:

a linear bight portion; and

a pair of legs extending from said bight portion at
opposite ends thereof, said legs each being inclined
towards the other at an angle of approximately 80 to 85 de-
grees with respect to said bight portion.

67. The staple defined in claim 66 wherein each of
said legs is provided with a beveled end surface, said end
surface being inclined at an angle of approximately 60 de-
grees with respect to said bight portion.

68. A procedufe for intra-abdominally repairing a
hernia comprising: '

insufflating the abdomen;

inserting a cannula into the abdomen which provides

a selectively sealable opening into the abdomen through
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which a stapling instrument may be introduced into the ab-
domen, said cannula providing a fluid-tight seal between it
and said stapling instrument inserted therethrough and said
cannula providing a seal between it and tissﬁe defining an
opening through which said cannula is inserted, said seals
being effective to substantially maintain insufflation of
the abdomen; 7

providing said stapling instrument with a fluid-
tight internal seal effective to substantially maintain in-
sufflation of the abdomen, and inserting said stapling in-
strument into the abdomen through said cannula;

stapling body tissue with said stapling instrument
adjacent the hernia to repair it.

69. The procedure according to claim 68 including
the step of introducing a laporascope into the abdomen.

70. The procedure according to claim 68 wherein
séid cannula is inserted above the scarpia’s fascia.

71. A surgical instrument for stapling body tissue
within a body cavity, comprising:

stapling means for stapling said body tissue with a
surgical staple;

activating means for activating said stapling means
including an activator and movable means coupling said ac-
tivator with said stapling means;

elongate frame means enclosing at least a substan-
tial part of said coupling means, said coupling means being
movable relative to said frame means; and

means for sealing fluid-tight within said frame
means one side of said frame means on which said stapling
means are disposed from another side of said frame means on
which said activator is disposed while permitting movement

of said coupling means relative to said frame means.
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