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(57) ABSTRACT 

An end to end anastomotic stapling device connects tWo 
lumen sections avoiding constriction at the anastomotic ring. 
An intraluminal end to end anastomotic stapler includes an 
expanding head and anvil designed to ?re an anastomotic 
ring having an inner diameter at least equal to the nominal 
inner diameter of the remaining lumen sections. An extralu 
minal end to end lumen stapler is described attaching the 
lumen sections With an exterior ?ange type connection 
having anastomotic rings With a diameter larger than the 
inner diameter of the lumen sections Whereby the anasto 
motic site has a diameter at least as great as the adjacent 
lumen sections 
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LUMINAL ANASTOMOTIC DEVICE AND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of and claims the 
bene?t of US. patent application Ser. No. 10/910,777, ?led 
on Aug. 2, 2004 and entitled “Luminal Anastomotic 
Device”, now US. Pat. No. 7,080,769 and Which published 
Mar. 31, 2005 as Publication number 2005-0067454. US. 
patent application Ser. No. 10/910,777 is a continuation of 
and claims the bene?t of US. patent application Ser. No. 
10/ 114,421, ?led on Apr. 2, 2002 and entitled “Luminal 
Anastomotic Device and Method”, now US. Pat. No. 6,769, 
590 and Which published Dec. 12, 2002 as Publication 
number 2002-0185517 and Which claimed the bene?t of 
Provisional Patent Application Ser. No. 60/280,785 entitled, 
“Luminal Anastomotic Device and Method” ?led Apr. 2, 
2001. These patents and associated patent publications are 
incorporated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to surgical anasto 
motic stapling devices. More particularly, the present inven 
tion relates to end to end anastomotic surgical staplers 
avoiding minimal constrictive area at the anastomosis site. 

[0004] 2. Background Information 

1. Field of the Invention 

[0005] Surgical staplers have been developed to assist and 
improve a Wide variety of surgical procedures. Surgical 
staplers provide precision in the placement of staples as Well 
as decrease the time of given surgical procedures. A Wide 
variety of surgical staplers have been developed for vascular, 
gastric, esophageal and intestinal surgery, to name but a feW. 
These knoWn staplers are often used in anastomosis proce 
dures. In performing surgical anastomotic stapling, gener 
ally the tWo pieces of lumen are attached by a ring of staples 
With a closed loop stapler. The anastomosis of the lumen 
may be performed in a side to side, side to end or end to end 
manner Which describes the relative orientation of the lumen 
sections. 

[0006] The surgical staplers for performing end to end 
anastomosis are generally intraluminal surgical staplers that 
?re a pair of staggered rings of staples. These types of 
surgical staplers are often referred to as EEA’s, Which stands 
for “End to End Anastomosis”. During this procedure, a 
circular knife blade is used to separate tissue Which is held 
Within the circular ring. The separated tissue is then removed 
With the stapler so that a circular opening Within the lumen 
is completed along the surgical stapling line. 

[0007] In performing these surgical procedures With 
EEA’s it has become desirable to separate the anvil on Which 
the staplers are clinched from the stapling head portion from 
Which the staples are expelled. It has been typical in the past 
that the stapling head is attached to the anvil and the tissue 
is secured through a “purse stringed” gathering of tissue. 

[0008] Generally, the tissue stapled together With an EEA 
leaves a smaller opening than the original lumen into Which 
the anvil and stapler head Were inserted. Frequently, it is 
desirable to provide an anvil Which can be collapsed to 
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introduce the anvil into the body through a relatively small 
incision. An example of a surgical stapler having a variable 
diameter anvil is illustrated in US. Pat. No. 4,505,414 
disclosing an anvil, integral With a surgical stapler, Which 
can be collapsed and inserted through a small incision in a 
patient’s body and expanded outWardly after placement 
inside the patients body to staple the Wall of an organ to the 
abdominal Wall or an external tissue layer of the patient’s 
body. The anvil is not detachable from the stapler and thus 
cannot provide a continuous stapler line, but rather applies 
a broken, discontinuous line to “tack” the tissue in a circular 
line. This patent also does not provide an anvil Which can be 
placed remotely Within the body for subsequent attachment 
to a stapler head. 

[0009] Other examples of anvils Which are capable of 
collapsing to a reduced diameter after stapling to facilitate 
removal from the body are shoWn in US. Pat. Nos. 4,752, 
024; 4,893,622; 4,700,703 and 4,903,697. These anvils are 
introduced into the body through a relatively large incision. 

[0010] US. Pat. No. 5,239,639 also shoWs a collapsible 
anvil assembly and applicator instrument for a surgical 
stapler apparatus. US. Pat. No. 6,503,259 is relevant to the 
present invention in that it discloses a surgical anastomotic 
fastener array (10 in the ’259 patent) comprising a plurality 
of fasteners (11 of the ’259 patent) each having a tissue 
piercing element (12 of the ’259 patent), Wherein the fas 
teners are aligned in an annular array of a ?rst diameter at 
least prior to anastomosis and are designed to expand to 
form an annular array of a second larger diameter and then 
contract as needed after anastomosis. The ’259 patent is 
addressing the same broad concern of the resulting anasto 
motic ring, but the earliest ?ling date of the ’259 patent is, 
hoWever, not earlier than the conception date of the present 
invention. 

[0011] The retractable anvil EEA’s discussed above do not 
address the fundamental problem of the constrictive point 
formed after luminal anastomosis. These prior art devices 
simply address the problem of post operative tool removal. 

[0012] It is the object of the present invention to avoid the 
draWbacks of the prior art by avoiding the minimal con 
striction formed at luminal anastomotic sites using anasto 
motic staplers (i.e., EEA’s). It is a further object of the 
present invention to provide anastomotic staplers Which are 
easy to manufacture and utiliZe. A further object of the 
present invention is to provide both intraluminal anasto 
motic end to end staplers and extraluminal anastomotic end 
to end staplers. 

SUMMARY OF THE INVENTION 

[0013] The above objects are achieved With the anasto 
motic device according to the present invention. The anas 
tomotic device according to the present invention is a 
surgical stapler that Will form an anastomosis betWeen 
existing lumen sections in an end to end alignment forming 
the anastomosis site With a minimal diameter generally 
equal to or greater than the normal inner diameter of the 
anastomiZed lumen sections, With the lumen sections in a 
normal relaxed condition. The anastomotic device of the 
present invention Will preferably utiliZe conventional staples 
formed in a pair of offset annular arrays of staples to couple 
the end of a ?rst lumen section to the end of a second lumen 
section. 
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[0014] A ?rst embodiment of the present invention forms 
the anastomotic device as an intraluminal end to end surgical 
stapler. The intraluminal surgical stapler ?res staples, or 
other fastening devices, from a stapling head to an adjacent 
anvil. In accordance With the present invention, both the 
head and the anvil can be moved from a retracted position 
having a ?rst relative diameter to an expanded position of a 
second larger diameter. The expansion of both the head and 
the anvil alloWs the anastomotic device to be positioned in 
the lumen to be attached With minimal interference and then 
expanded to an enlarged ?ring position, Wherein When ?red 
the anastomotic ring formed by the array of staples is 
positioned at a diameter preferably at least as large as the 
minimum diameter of the adjacent lumen sections. After 
?ring, the head and anvil of the stapler of present invention 
can both be retracted to alloW for easy WithdraWal of the 
stapler from the anastomiZed lumen. 

[0015] In one embodiment of the present invention, the 
head Will be formed of a plurality of Wedge-shaped arc 
segments Which move radially and align in an expanded 
position to form the annular head. The arc segments may be 
in the form of inner Wedge-shaped segments moved by an 
actuator and outer segments guided by the inner Wedge 
shaped segments. The Wedge-shaped segments may be 
moved into the expanded or retracted positions by being 
coupled to the actuator in the form of axially movable 
Wedges controlled by the user. 

[0016] Another embodiment of the present invention Will 
form the annular head as a plurality of arc segments that 
slide together With the segments formed in an overlapped 
position in the retracted state and rotate into contracted and 
expanded positions. A further embodiment of the present 
invention Will hinge various arc segments together to alloW 
the segments to pivot betWeen a retracted position of a 
minimal diameter and an expanded position forming the 
annular head ready for ?ring. 

[0017] Each individual arc segment of the head portion 
Will include staples Which combine to form the array of 
staples in the expanded position. One key aspect of the 
present invention is that each arc segment has a separate 
?ring mechanism as Well as a knife actuating mechanism 
independently associated With each segment. Each segment 
Will have an arcuate knife portion Which Will combine and 
overlap With the knife portions of adjacent segments to form 
a continuous annular knife arrangement When the head is in 
the expanded position. In this manner, the knife portions and 
staples of each individual segment Will combine to form the 
dual stapling array and annular knife Well-knoWn to those 
skilled in the art (except of a larger diameter relative to the 
body of the stapler). The ?ring mechanism of each indi 
vidual segment is additionally coupled to the controller of 
the stapler in a manner Which accommodates movement of 
the individual segments betWeen the retracted and expanded 
positions. This construction of the segments alloWs for the 
segments to be formed in the hinged arrangements, spirally 
attached arrangements or Wedge arrangements discussed 
above. Many other possible relatively movable combina 
tions may be constructed With the individual segment con 
struction of the stapler of the present invention. 

[0018] Another aspect of the present invention is to form 
an external end to end anastomotic surgical stapler. The 
external stapler according to the present invention is 
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designed to clamp around lumen sections to be attached. The 
extraluminal stapler according to the present invention is 
designed to form an anastomiZing ring of sutures external to 
the connected lumen sections. The external stapler accord 
ing to the present invention forms a pair of annular arrays of 
staples around an outWardly extending ?ange of the con 
nected lumen sections. 

[0019] In one embodiment according to the present inven 
tion, the extraluminal stapler is formed of tWo opposed 
stapler units With each stapler unit formed of tWo halves 
hinged together. The extraluminal stapler Will include a 
mechanism for pulling the lumen to be attached around the 
stapling face of each stapling unit. The extraluminal stapler 
according to the present invention Will additionally include 
a mechanism for aligning the stapling head and anvil por 
tions of the opposed stapling units With each other as Well as 
a ?ring mechanism for ?ring the arrays of staples in the 
stapling units. One embodiment of the present invention Will 
form each stapling unit as an anvil and head portion hinged 
together Which couples With an adjacent hinged anvil and 
head portion of the opposed stapling unit. 

[0020] The present invention Would be particularly appli 
cable for boWel resections as Will be understood by those of 
ordinary skill in the art, but is not intended to be limited 
thereto. It can be used in many other applications such as, 
but not limited to, vascular anastomosis, gastrointestinal 
anastomosis, esophageal anastomosis and essentially any 
holloW lumen Within the body. Further, the speci?c embodi 
ments of the invention include a variety of unique features 
that can be incorporated separately or in various combina 
tions into other stapling and surgical devices for improving 
those devices. 

[0021] One advantage of the present invention is a mini 
mally invasive surgical stapler that Will assist in stapler 
placement because the diameter of the stapler (i.e. the largest 
diameter portion, speci?cally the head and anvil of the 
stapler) is smaller during insertion and retraction than at 
?ring. 

[0022] Another advantage of the present invention is hav 
ing a closed loop EEA stapler With the trimming knife 
formed by individual knife segments. This feature of the 
present invention may be utiliZed for ?ring the knife seg 
ments individually, or in a given sequence, or simulta 
neously (as utiliZed in the illustrated embodiments of the 
present invention. 

[0023] Another feature of the present invention is the 
accommodation of multiple anvil and multiple head controls 
in a surgical stapler. One present illustrated embodiments 
provide separate controls for expansion/retraction of the 
anvil and for axial movement of the anvil. This illustrated 
embodiment further provides independent control for expan 
sion/retraction of the head and for ?ring of the knife blade 
and staples. This system of multiple independent control 
may be modi?ed to perform a variety of separate control 
features for the anvil and head portions of an EEA stapler. 

[0024] Another feature of the present invention is the 
provision of an EEA stapler With a staple and knife ?ring 
mechanism that accommodates relative motion of the head 
portion containing the staples and the ?ring mechanism. 
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[0025] Another feature of the present invention is the 
provision of an alignment mechanism that aligns and locks 
the anvil and head portion together prior to the ?ring of the 
staples or the knife. 

[0026] Another feature of the present invention is the 
provision of a closed loop surgical stapler for end to end 
anastomosis in Which the stapler extends around the outside 
of the lumen portions being anastomised. 

[0027] These and other advantages of the present inven 
tion Will be clari?ed in revieWing the detailed description of 
the preferred embodiments taken together With the attached 
?gures Wherein like reference numerals represent like ele 
ments throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1a is a side vieW, partially in section, ofa pair 
of lumen sections anastomiZed using existing intraluminal 
anastomotic staplers; 

[0029] FIG. 1b is a side vieW, partially in section, ofa pair 
of lumen sections anastomiZed With an anastomotic stapler 
according to a ?rst embodiment of the present invention; 

[0030] FIG. 10 is a side vieW, partially in section, ofa pair 
of lumen sections anastomiZed using an anastomotic stapler 
according to a second embodiment of the present invention; 

[0031] FIG. 2a is a schematic plan vieW of an intraluminal 
end to end anastomotic stapling head according to the ?rst 
embodiment of the present invention With the head in the 
expanded, ?ring position; 

[0032] FIG. 2b schematically illustrates the head illus 
trated in FIG. 2a in the retracted position; 

[0033] FIG. 3a schematically illustrates an expandable 
anvil associated With the anastomotic stapler having the 
expandable head illustrated in FIGS. 2a and 2b; 

[0034] FIG. 3b schematically illustrates the anvil portion 
of FIG. 3a in a retracted position; 

[0035] FIG. 4a schematically illustrates a spirally 
retracted and expandable head for an intraluminal end to end 
surgical stapler according to a second embodiment of the 
present invention; 

[0036] FIG. 4b schematically illustrates a hinged expand 
able and retractable head for an intraluminal end to end 
surgical stapler according to a third embodiment of the 
present invention; 

[0037] FIG. 5a is a plan vieW of an individual outer head 
segment of the head illustrated in FIGS. 2a and 2b; 

[0038] FIG. 5b is a radially inner side vieW of the head 
segment illustrated in FIG. 5a; 

[0039] FIG. 50 is a sectional vieW of the head segment 
illustrated in FIG. 5a taken along line Vc-Vc; 

[0040] FIG. 5d is a sectional vieW of the head segment 
illustrated in FIG. 5a taken along line Vd-Vd; 

[0041] FIG. Se is a top plan vieW of an inner head segment 
illustrated in FIGS. 2a and 2b; 

[0042] FIG. 5f is a radially inner side vieW of the inner 
head segment illustrated in FIG. 5e; 
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[0043] FIG. 5g is a sectional vieW of the inner head 
segment shoWn in FIG. 5e taken along line Vg-Vg; 

[0044] FIG. 6a is a perspective vieW of an intraluminal 
anastomotic surgical stapler utiliZing the expandible head 
illustrated in FIGS. 2a and 2b and the expandible anvil 
illustrated in FIGS. 3a and 3b; 

[0045] FIG. 6b is a partial section of a portion of the 
stapler illustrated in FIG. 6a taken along line VIb-VIb in 
FIG. 6a; 

[0046] FIG. 60 is a cross-sectional vieW of the stapler 
illustrated in FIG. 6b taken along line VIc-VIc; 

[0047] FIG. 6d is a cross-sectional vieW of the stapler 
illustrated in FIG. 6b taken along line VId-VId; 

[0048] FIG. 6e is a side vieW partially in section ofa distal 
end of the stapler illustrated in FIG. 6a; 

[0049] FIG. 7a is a perspective vieW partially in section of 
a ?rst half of an extraluminal end to end surgical stapler 
according to the present invention; 

[0050] FIG. 7b is a side vieW of the complete extraluminal 
surgical stapler illustrated in FIG. 7a; 

[0051] FIG. 8a is a perspective vieW of a lumen section to 
be anastomiZed utiliZing ?exible clips associated With the 
surgical stapler illustrated in FIGS. 7a and 7b; 

[0052] FIG. 8b is an end vieW of the lumen and clips 
illustrated in FIG. 8a; 

[0053] FIG. 80 is a side vieW of the clips utiliZed in FIGS. 
8a and 8b in the open position; 

[0054] FIG. 8d is a plan vieW With the clips in the open 
position of the clip illustrated in FIG. 80; 

[0055] FIG. 8e is a cross-section of the clips illustrated in 
FIGS. 80 and 8d With the clip in a partially closed position; 

[0056] FIG. 9 is a sectional schematic vieW of an align 
ment mechanism for use in a stapler of the present invention; 

[0057] FIG. 10 is a sectional schematic vieW of a motion 
accommodation mechanism for the anvil expansion mecha 
nism of a stapler according to the present invention; and 

[0058] FIG. 11 is a schematic plan vieW of a lock and 
release transmission for an anvil stem and an anvil expan 
sion rod of a stapler according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0059] The objects and advantages of the present inven 
tion can be best clari?ed in revieWing the surgical results 
illustrated in FIGS. 1a, 1b and 10 With the prior art surgical 
staplers (FIG. 1a) and various embodiments of surgical 
staplers (FIGS. 1b and 1c) of the present invention, respec 
tively. FIG. 1a illustrates lumen sections 10 and 12 anas 
tomiZed With a conventional intraluminal anastomotic sta 
pler (i.e. an EEA). The ?rst lumen section 10 and second 
lumen section 12 Will have a nominal diameter d.sub.1. With 
existing end to end anastomotic staplers, the anastomosis 
site, sometimes referred to as an anastomosis ring, formed 
by an array of staples 14 Will have a smaller diameter d.sub.2 
than the nominal luminal diameter d.sub.1. In addition to the 
constrictive point formed by the smaller diameter d.sub.2, 
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With the existence of (1) the array of staples 14, (2) the 
additional tissue formed by the coupled lumen sections at 
the anastomosis site, and (3) the scar tissue forming around 
the anastomotic ring, this constricture or constriction Will 
have greater rigidity, i.e., less ?exibility, than the associated 
lumen tissue. As discussed above, the object of the present 
invention is to avoid this constrictive point and the possible 
detrimental effects associated thereWith. Of course, the 
detrimental effects associated With a more rigid constricture 
in an anastomiZed lumen Would depend on the particular 
lumen Which is coupled together. HoWever, Whether con 
necting together a boWel in vascular anastomosis, or con 
necting any lumen Within the body such constrictures are 
universally undesirable. 

[0060] FIG. 1b illustrates the anastomosis of lumen sec 
tions 10 and 12 With a surgical stapler 100 according to a 
?rst embodiment of the present invention. The anastomotic 
stapler 100 of the invention associated With the results 
shoWn in FIG. 1b is described in detail in FIGS. 2a and 2b, 
3a and 3b, 4a and 4b, Sa-Sg, and 6a-6e. As illustrated in 
FIG. 1b, the anastomotic ring or suture site formed by the 
array of staples 14 has an inner diameter d.sub.3, Which is 
relatively larger than the diameter d.sub.2 associated With 
conventional staplers. The diameter d.sub.3 is preferable 
formed at least as great as diameter d.sub.1 of the adjacent 
lumen sections. In this manner, the detrimental effects of the 
constricture site can be minimized. It should be appreciated 
that the inner area of the anastomiZed lumen is associated 
With the square of the diameter such that minimal improve 
ments in the diameter of d.sub.3 over d. sub.2 of the prior art 
Will result in substantial increases in the area of the lumen. 
It is preferred that in the present invention, the diameter 
d.sub.3 at the anastomotic ring be at least as great, or greater 
than the nominal diameter d.sub.1 of the associated lumens 
to avoid any problems With constricture. The relative 
increase or expansion of the anastomotic ring possible With 
the device according to the present invention Will be asso 
ciated With the tissue ?exibility of the lumen sections for 
Which the particular stapler is designed. For example, tissue 
forming a boWel (relatively ?exible) and tissue forming 
vascular lumens (less ?exible compared to the boWel) Would 
accommodate different relative dimensions for d. sub.3 com 
pared to d.sub.1 at the anastomotic site. HoWever, the 
general operative concepts of an intraluminal boWel stapler 
according to the present invention is the same as an intralu 
minal vascular stapler according to the present invention. 

[0061] FIG. 10 illustrates an end to end anastomosis of tWo 
lumens 10 and 12 With an array of staples 14 utiliZing an 
extraluminal surgical stapler according to a second embodi 
ment of the present invention. The stapler according to the 
second embodiment of the present invention forms an outer 
anastomotic ring With the array of staples having a diameter 
greater than d.sub.1, the normal diameter of the lumen, such 
that the anastomosis site forms no constricture. The relative 
positioning of the array of staples 14 Will again depend on 
the particular lumen being anastomiZed. Examples of the 
stapler forming this anastomosis are illustrated in FIGS. 7a, 
7b, and 8a-8e beloW. 

[0062] FIGS. 2a and 2b schematically illustrate an 
expandable head 90 for the intraluminal anastomotic stapler 
100 according a ?rst embodiment of the present invention. 
The expandable head 90 is formed of a plurality of arc 
segments Which interconnect in an outer ?ring position to 
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form the annular expanded head 90 as shoWn in FIG. 2a. The 
individual segments shoWn in the embodiment illustrated in 
FIGS. 2a and 2b comprise outer Wedge-shaped segments 
102 and inner Wedge-shaped segments 104. The inner seg 
ments 104 are moved radially inWardly and outWardly by 
individually associated Wedge elements 106. The side 
Wedge-shaped engaging surfaces of the inner segments 104 
Will force the outer segments 102 into the expanded condi 
tion. The inner segments 104 can be pinned to the outer 
segments 102 in a manner to be described later such that 
retraction of the inner segments 104 to the retracted position 
shoWn in FIG. 2b Will also pull the outer segments 102 
toWard the retracted position. 

[0063] The structure of the individual segments 102, 104 
be discussed later in greater detail. Generally speaking, each 
segment 102, 104 includes a plurality of staple receiving 
slots 108 in a staggered annular array consisting of both an 
outer ring and an inner ring of staples receiving slots 108. As 
clearly evident in the ?gures, it is an important aspect of the 
present invention that the division betWeen adjacent seg 
ments 102, 104 needs to be accomplished betWeen the staple 
receiving slots 108. As can be seen in the ?gures, in the 
expanded position, the segments 102, 104 combine to form 
a standard annular array of staples 14 in an offsetting 
overlapping arrangement. Additionally, each segment 102, 
104 includes, at a radial inner side thereof, With knife 
portions 110 Which combine in the expanded position to 
form an annular knife Which provides a trimmed inner edge 
to the anastomiZed lumen as is conventional. In order to 
ensure a complete annular knife in the ?ring position, and 
therefore a complete annular smooth cut to the lumen, knife 
portions 110 of the inner segments 104 overlap With the 
knife portions of the adjacent outer segments 102 as gener 
ally illustrated in the ?gures. As can be seen in FIGS. 2a and 
2b, the Wedge-shaped interacting arc segments 102, 104 of 
the head 90 Will alloW it to be moved betWeen retracted and 
expanded positions. It should be evident that the present 
invention is not intended to be limited to the speci?c number 
of segments illustrated in FIGS. 2a and 2b. A minimization 
of the diameter in the retracted position can be obtained With 
as little as three inner Wedge-shaped segments 104 spaced 
about the periphery of the head 90. The number, positioning 
and speci?c shape of the segments 102, 104 can be changed 
as desired in order to alloW for the desired degree of 
expansion. Other factors affecting the number and shape of 
the individual segments 102, 104 Will be the number and 
length of the speci?c staples 14 utiliZed in the inner and 
outer rings. All of these factors can be considered in design 
ing a speci?c expanding head 90 Which expands to the 
degree desired. 
[0064] FIGS. 3a and 3b illustrate the expanding anvil 120 
utiliZed With the stapler 100 according to the present inven 
tion. These ?gures illustrate that the anvil 120 is formed of 
inner segments 122 and outer segments 124 similar to the 
inner segments 104 and outer segments 102 of the head 90. 
The anvil 120 in the expanded position forms an annular ring 
With conventional staple engaging grooves 126 Which Will 
correspond to the staple receiving slots 108 of the head 90 
for cinching the ?red staples 14 as knoWn in the art. The 
inner and outer segments 122, 124 can be pinned together 
and the inner segments 122 can be moved by a Wedge 128 
similar to the mechanism for the head 90. The anvil 120 
construction is signi?cantly simpler than the head 90 con 
struction for a variety of reasons. First, the anvil 120 
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construction is not limited to forming the staple engaging 
grooves 126 entirely on one segment 122 or 124. These 
expanding anvil segments 122, 124 can be formed essen 
tially in any position even dividing a staple receiving groove 
126. This provides signi?cantly greater ?exibility in decid 
ing Where to put the inner and outer segments 122, 124. An 
additional aspect to making the anvil 120 signi?cantly easier 
to design and operate is that there is no knife or staple ?ring 
mechanisms Which needs to be incorporated into the 
expanding and retracting anvil 120. In fact, the prior art 
illustrates that expanding anvils have been Well-knoWn in 
the art, and many of these constructions can also be incor 
porated into the design of the present invention. For the sake 
of simplicity, hoWever, the design of the anvil 120 is 
essentially the same as the design of the expanding head 90 
illustrated in FIGS. 2a and 2b. 

[0065] FIGS. 4a and 4b are intended to illustrate alterna 
tive expanding head mechanisms according to the present 
invention. FIG. 4a illustrates an expanding head 140 accord 
ing to one embodiment of the present invention in Which the 
head 140 is formed of individual segments 142 Which can 
slide past each other in an overlapping arrangement to 
contract in a spiral fashion as illustrated by the arroWs. In 
place of an actuating Wedge, the actuating mechanism may 
be a rotating cam type operator, although a variety of 
segment 142 moving mechanisms can be envisioned. 

[0066] FIG. 4b illustrates yet another embodiment for an 
expanding head 150 for a stapler 100 of the present inven 
tion in Which individual segments 152 of the head 150 are 
hinged together by hinges 154 to move betWeen expanded 
and contracted positions. This embodiment illustrates three 
hinges 154 and one open connection Which can have these 
segments 152 snap together to form the continuous ring. The 
number of individual segments 152 may be selected as 
desired. The hinges 154 may include spring-biasing to help 
move the segment 152 to either the expanded or retracted 
positions. A mechanical actuator linearly moving along the 
length of the stapler 100 Would be used to move the 
segments 152. 

[0067] FIGS. 5a-5g illustrate the details of the individual 
arc segments 102, 104 forming the expandable head 90 
illustrated in FIGS. 2a and 2b. The segments 102, 104 are 
discussed in detail and illustrated associated With the spe 
ci?c expanding head 90 illustrated in FIGS. 2a and 2b. 
HoWever, the general concepts of these individual segments 
102, 104 can be easily extrapolated for many different 
embodiments, such as those illustrated in FIGS. 4a and 4b. 
The key features of the arc segments 102, 104 for the 
expanding head 90 according to the present invention is that 
the individual segments 102, 104 have independent ?ring 
mechanisms for the staples 14 and the knife portions 110 that 
are associated With that segment 102, 104. Additionally, the 
?ring mechanism accommodates the relative motion of the 
segments 102, 104 betWeen the retracted and expanded 
positions. As Will be evident in the description of FIGS. 
5a-5g, these components utiliZed in the segments 102, 104 
of the present invention can be utiliZed in the expanding 
heads 140 and 150 illustrated in FIGS. 4a and 4b as Well as 
a Wide variety of other con?gurations for an expanding head 
having separate segments the user may contemplate. 

[0068] FIG. 5a illustrates a plan vieW of the outer segment 
102 of the expanding head 90 illustrated in FIG. 2a. The 
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outer segment 102 includes a plurality of slots 108 for 
receiving staples 14 therein as shoWn in FIGS. 50 and 5d. On 
the radial inner side of the segment 102 is a groove 160 
extending across the entire segment 102. The arcuate knife 
portion 110 is positioned in the groove 160. The knife 
portion 110 and staples 14 are all ?red through a common 
?ring mechanism Which can be best seen in FIGS. 50 and 5d. 
Essentially, a base plate 162 is positioned in a recess 164 
extending along the length of the segment 102. The base 
plate 162 includes a plurality of pusher bars 166 extending 
into the individual staple receiving slots 108 for supporting 
and ?ring the staples 14. As illustrated in FIG. 50, the base 
plate 162 is positioned in the recess 164 With enough room 
for movement (longitudinally of the stapler 100) for alloW 
ing the ?ring of the staples 14 and the knife portion 110. 
Additionally, the knife portion 110 is attached to the base 
plate 162 through a series of L-shaped arms 168 at spaced 
locations along the base plate 162. The L-shaped arms 168 
extend through slots 170 in the segment 102. The base plate 
162 is secured to an actuation rod 172 at the bottom thereof 
for moving the base plate 162 in the segment 102 for ?ring 
of the staples 14 and actuation of the individual knife portion 
110. 

[0069] As discussed previously, the individual knife por 
tions of the various segments 102, 104 Will overlap to assure 
that a complete annular circle is formed and cut by the 
combined knife portions 110. In order to easily accommo 
date the overlapping of the outer edges of the segments 102 
near the groove 160 are cut out at recess 174 to alloW the 
overlapping portions of the knife portions 110 of the inner 
segments 104 discussed beloW to easily overlap the knife 
portions 110 of the outer segments 102 When the inner 
segments 104 are pushed into position. Additionally, the 
outer segments 102 are provided With pin receiving grooves 
176 for pinning the outer segments 102 to the inner segments 
104. The grooves 176 Will alloW the inner segments 104 to 
folloW a de?ned path of movement during the expansion and 
contraction as Well as pull the outer segments 102 toWards 
the retracted position When the inner segment pin 178 
reaches the radially inner extent of the groove 176 during the 
retraction of the expandable head 90. 

[0070] In vieW of the complex shape, it is expected that the 
segments 102, 104 may most easily be formed of an injec 
tion molded plastic design, hoWever, any construction tech 
nique and material is contemplated. 

[0071] FIG. 5e illustrates a plan vieW of the inner seg 
ments 104 for the expandable head 90 in FIGS. 2a and 2b. 
The inner segment 104 additionally includes staple receiving 
slots 108 in tWo annular arrays similar to the staple receiving 
slots 108 formed in the outer segment 102. Furthermore, the 
inner segment 104 includes a groove 160 on the radially 
inner edge thereof receiving an annular knife portion. As 
illustrated in FIGS. 5e and 5f, the annular knife portion 110 
of the inner segment 104 extends beyond the edges of the 
segment 104 to provide on overlapping blade section Which 
Would be received in the recess 174 of the outer segments 
102 shoWn in FIG. 5a. As discussed above, this construction 
ensures the overlapping of the knife portions 110 to form a 
complete annular knife blade ring 178. The inner segments 
102 Will additionally include the pins on the sides thereof for 
engaging With grooves 160 formed on the sides of the outer 
segment 102 thereby keying the segments 102, 104 together. 
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[0072] As shown in FIG. 5g, the inner segment 104 Will 
additionally include a ?ring mechanism comprised of a base 
plate 162 With staple projections extending vertically 
upWard into the staple receiving slots 108. The base plate 
162 Will also be coupled to the knife portion 110 at spaced 
locations by L-shaped arms (not shoWn) extending through 
slots (not shoWn) in the same manner as in the outer 
segments 102 disclosed above in FIGS. 5a and 5c. 

[0073] The inner segments 104 additionally include a 
beveled T-shaped slot 180 receiving a Wedge rod 182 and 
Wedge element 106 therein Which operates to move the inner 
segments 104 and the outer segments 102 for expanding and 
contracting the head 90. The T-shaped slot 180 is intended 
to be just one con?guration for tying the movement of the 
segments 102, 104, both in the expansion and retraction 
mode, to the movement of the controlling Wedge rod 182 
and attached Wedge element 106. Other mechanical connec 
tions and actuation mechani sms are contemplated Within the 
scope of the present invention. HoWever, it is believed that 
the simple mechanical coupling of the components as illus 
trated is generally preferable to a spring-biasing operation 
Which may not be successful if the forces of the operating 
spring do not overcome friction or other forces in the 
stapling environment. Consequently, it is believed that the 
operating mechanism of the present invention provides a 
mechanically simple and highly reliable method for actuat 
ing and moving the expandable head 90. 

[0074] It Will be appreciated that the speci?c construction 
of the inner and outer segments 102, 104 are not limited to 
the shapes illustrated. The general construction can be 
expanded to any segment shape such as those illustrated in 
FIGS. 4a, 4b or many other shapes that can be contemplated 
for forming an expandable head 90 for a stapler 100. 

[0075] FIGS. 6a-6e illustrate the details of an intraluminal 
anastomotic stapler 100 With an expanding head 90 illus 
trated in FIGS. 2a and 2b as Well as an expanding anvil 120 
illustrated in FIGS. 3a and 3b. The stapler 100 looks 
essentially like a conventional EEA stapler having an elon 
gated body 190 of generally circular cross-section further 
including the expanding head 90 and anvil 120 at a distal end 
thereof. The expanding anvil 120 Will have a length slightly 
longer than an anvil of a conventional EEA to accommodate 
the expanding anvil mechanism. At the opposite end of the 
body 190, the stapler 100 Will have generally conventionally 
shaped controls 192, 194 for advancing and retracting the 
anvil 120 relative to the head 90 and for ?ring of the staples 
14. Speci?cally, a rotatable controller 192 is utiliZed for 
expanding and contracting the anvil 120 and clamping the 
lumen sections 10 and 12 together and a pair of pivoted 
?ring grips 194 are utiliZed for ?ring the staples 14. Addi 
tionally, the stapler 100 may include a knoWn safety release 
(not shoWn) Which does not alloW the staples 14 to be ?red 
unless the anvil 120 is in an acceptable proximity of the head 
90. This safety mechanism may also be tied to the expanding 
mechanism, to be described, such that the ?ring of the 
staples 14 Would not be possible unless the head 90 and anvil 
120 are also expanded to the appropriate expanded, ?ring 
positions. 

[0076] With regard to the expansion control, a pair of 
?nger grip controllers 196 extend from opposite sides of the 
housing or body 190 extending from a Z-shaped slot 198. 
When desired to expand, the user can grip one or both 
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expansion controllers 196, pivot them slightly out of the 
retracted position (i.e., one leg of the Z-shaped slot 198) 
moving axially along the length of the housing in a axial 
portion of the Z-shaped slot 198 and then When fully 
expanded move the controllers 196 into the upper leg of the 
Z-shaped slot 198 to hold the anvil 120 and head 90 in the 
fully expanded position. After ?ring, the process can be 
reversed for retracting both the anvil 120 and head 90. It Will 
be appreciated that Within this construction, the outer diam 
eter of the body 190 can be formed approximately equal With 
the diameter d.sub.1 of the lumen sections 10 and 12 to be 
anastomiZed. It Will be understood that the expanded head 
90 and anvil 120 Will expand the lumen sections to a 
stretched condition such that the anastomiZed ring Will be 
formed at a diameter d.sub.3, preferably at least as great as 
the normal unstretched diameter d.sub.1 of the lumen sec 
tions 10 and 12 to be anastomiZed. 

[0077] FIG. 6b is a sectional vieW of the controlling 
portion taken along tWo radial sections offset 90 degrees to 
best illustrate the expansion, clamping and ?ring controls 
(196, 192, 194) of the present invention. 

[0078] As shoWn in FIGS. 6b and 60, for at least a portion 
of the housing or body 190, the operating mechanisms are 
formed of a series of concentric independently operated 
sleeves for controlling the various functions of the stapler 
100 of the present invention. It should be understood that the 
sleeves are intended for limited axial motion along the 
length of the body 190 and may be formed of either a rigid 
or slightly ?exible material. In other Words, the body 190 
may have a certain curvature along its length, as is knoWn 
in the art, and the operating mechanism can be made of a 
material to accommodate such curvature. 

[0079] Beginning next to the annular housing or body 190 
is a ?ring ring 200 Which is utiliZed for actuating the ?ring 
mechanisms in the individual head segments 102, 104. At 
one end of the axially movable ?ring ring 200, a series of the 
?ring or actuation rods 172 are attached Which extend from 
the ?ring ring 200 to each individual base plate 162 of each 
individual segment 102, 104. The ?ring rods 172 can be 
pivotally attached to the ?ring ring 200 and segments 102, 
104 or the rods 172 can be formed suf?ciently ?exible to 
accommodate the outWard movement of the associated 
segments 102, 104. The opposite end of the ?ring ring 200 
includes a pair of L-shaped legs 202, only one of Which is 
shoWn in FIG. 6b, attached to the individual ?ring grips 194. 
As can be easily understood by vieWing FIG. 6b, When the 
?ring grips 194 are pulled, the legs 202 in the ?ring ring 200 
Will be moved axially along the body 190 moving the rods 
172, axially along the body thereby pushing the associated 
base plates 162, ?ring the individual staples 14 and actuating 
the individual knife portions 110. It should be appreciated by 
those of ordinary skill in the art that a Wide variety of 
changes to the ?ring mechanism can be envisioned. For 
example, a pull trigger could easily replace the ?ring grips 
194. The ?ring grips 194 are illustrated since this represents 
a knoWn acceptable operating mechanism. As discussed 
above, a safety latch mechanism can be incorporated, if 
desired, to avoid premature ?ring of the staples 14. The 
construction of such safety devices is certainly knoWn to 
those of ordinary skill in the art. 

[0080] Radially adjacent the ?ring ring 200 is an indepen 
dently movable Wedge ring 210 for moving the head seg 
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ments 102, 104 as Will be discussed. At a forward end of the 
Wedge ring 210 are a series of the longitudinally extending 
Wedge rods 182. The Wedge rods 182 and Wedge elements 
206 combined have a beveled T-shape Which is engaged in 
the T-shaped slot 180 of the inner segments 104 for radially 
moving the segments 102, 104 as the associated Wedge rod 
182 and Wedge element 106 are moved longitudinally back 
and forth along the body 190. As illustrated in FIG. 6d, there 
is one Wedge element 106 associated With each inner seg 
ment 104. On the opposite end of the Wedge ring 210 the 
Wedge ring 210 is secured to the pair of opposite extending 
controllers 196, only one of Which is shoWn in FIG. 6b, by 
an arm 212 or a linkage, again only one of Which is shoWn 
in FIG. 6b. As can be most apparent in FIG. 6b, longitudinal 
movement of the controller 196 Will move the connecting 
linkage arm 212, the Wedge ring 210 and the associated 
Wedge rod 182 and Wedge element 106 for radially moving 
the head segments 102, 104 betWeen the fully extended 
position shoWn in FIG. 2a and the fully retracted position 
illustrated in FIG. 2b. 

[0081] Radially adjacent the Wedge ring 210 is an anvil 
stem rod 220 moving linearly in the body 190 for moving the 
anvil 120 into and out of a clamping position relative to the 
head 90. At one end of the anvil stem rod 220 is a generally 
disc-shaped actuator 222 threadedly engaging inner threads 
224 on the rotatable controller 192. The rotatable controller 
192 is attached to the housing in a manner that alloWs for 
rotation such that rotation of the controller 192 Will axially 
move the actuator 222 and the anvil stem rod 220 for moving 
the anvil 120 essentially in a conventional fashion. As shoWn 
in FIG. 6e, a distal end of the anvil stem rod 220 has a snap 
?t connection 226 With an annular anvil connector 228 
alloWing the anvil 120 to be released from the body as 
knoWn in the art. 

[0082] Finally, returning to FIG. 6b, the innermost control 
mechanism is an anvil expanding rod 230 axially movable in 
the body 90 and adapted for expanding the anvil segments 
102, 104 betWeen the retracted and expanded positions. The 
control end of the anvil rod 230 is connected to the expand 
ing controller 196 through a pivoting linkage 232 and a 
connecting arm 234. This mechanism alloWs the axial move 
ment of the controller 196 to be associated With an opposite 
movement of the expanding anvil rod 230. A distal end of the 
expanding anvil rod 230 includes a connector 236 having a 
bayonet type connection With an anvil Wedge rod 238 as 
shoWn in FIG. 6e. The anvil Wedge rod 238 is associated 
With four Wedge rod elements 240 Which support the Wedges 
128 received in grooves in the inner anvil expanding seg 
ments 122 as shoWn in FIG. 6e. It Will be appreciated that 
in the illustrated embodiment the expanding anvil rod 230 
and the anvil Wedge rod 238 Will only be in a secure ?tting 
relationship When the anvil 120 is appropriately clamped 
against the head 90. With this construction, it may be helpful 
to have the anvil Wedge rod 238 and the associated segments 
102, 104 be spring-biased to the retracted position so that 
there is a retracting biasing force When the expanding anvil 
rod 230 is not engaged With the anvil Wedge rod 238. 

[0083] It should be appreciated that other constructions are 
certainly anticipated, such as having the Wedge rod 238 and 
the expanding anvil rod 230 alWays coupled When the anvil 
stem rod 220 and annular anvil connector 228 are connected. 
In this modi?cation, the anvil expanding rod 230 and the 
anvil stem rod 220 Will need to be moved together. The anvil 
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stem rod 220 is moved relative to the body 190 by rotation 
of the controller 192. In this modi?cation, the movement of 
the anvil stem rod 220 can be accommodated by moving the 
pivoting linkage 232 and the expanding anvil rod 230 With 
the anvil stem rod 220 and having a lost motion or motion 
accommodating mechanism be added to the connecting arm 
234 to accommodate the change in relative position. One 
simple example of such a mechanism is illustrated in FIGS. 
10 and 11 and essentially includes forming the connecting 
arm 234 as a telescoping rod having ?rst and second portions 
234A and 234B, respectively. The ?rst and second portions 
234A and 234B are releasably pinned together With a 
spring-biased release pin 235 being released by a button 237 
(upon Which the spring 241 acts) on the body 190 When the 
controller 192 is desired to be rotated. With such a spring 
biased release button 237 and pin 235, the pin 235 is 
automatically reinserted to connect the ?rst and second 
telescoping portions 234A and 234B of the arm 234 such 
that the connecting arm 234 Would accommodate the 
changed length. This embodiment additionally illustrates the 
use of a releasable lock or transmission betWeen the expand 
ing anvil rod 230 and the anvil stem rod 220. The releasable 
transmission or lock is in the form of a mating pin 247 
extending from the loWer end of the controller 196. The 
mating pin 247 extends into generally identically shaped 
slots 249 formed in both the expanding anvil rod 230 and the 
anvil stem rod 220. As shoWn in FIG. 11 the edges of the slot 
249 include mating surfaces that Will engage and mechani 
cally lock With the mating pin 247. The slots are designed 
such that the locking or mating Will occur When the con 
troller 196 is in the far left or right radial positions in the 
Z-shaped slot (eg when the controller 196 is in the top or 
bottom leg portions of the Z shaped slot) as shoWn in 
positions A and B in FIG. 11. When the controller 196 is in 
the center of the Z-shaped slot for longitudinal movement 
the pin 247 Will be disengaged from the edges of the slot 249 
as shoWn in position C alloWing for the relative movement 
betWeen the expanding anvil rod 230 and the anvil stem rod 
220. It Will be understood that this transmission Will require 
modi?cation of the Z-shaped slot to accommodate move 
ment of the controller due to axial movement of the anvil, 
such as increasing the Width of the bottom leg of the Z in the 
Z shaped slot. This Will additionally provide a visual indi 
cator of the relative axial position of the stem prior to 
expansion of the anvil. This embodiment could utiliZe the 
motion accommodating mechanism Without the mechanical 
lock or transmission or the mechanical lock may be used in 
other EEA staplers as merely a stem position indicating 
mechanism. This embodiment is described to shoW the 
possibility of such a construction. 

[0084] It should be appreciated that the intraluminal end to 
end anastomotic surgical stapler 100 illustrated in FIG. 6a is 
utiliZed in essentially the same manner as existing anasto 
motic devices With the addition of an expansion and retrac 
tion step. Speci?cally, the stapler 100 is inserted into one 
lumen section 10 or 12 to be anastomiZed With the anvil 120 
and head 90 either spaced apart or separated as desired by 
the user. Purse strings attached to the lumen sections 10 and 
12 can secure the segments 10 and 12 around the anvil stem 
rod 220 and/or the anvil connector 228. The controller 196 
is rotated to move the anvil 120 and head 90 into at least an 
initial clamped position. At this point, the anvil 120 and head 
90 can be expanded to their extended positions and the 
staples 14 ?red. Following ?ring, the staples 14 Will form a 








