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A distal tip for an endoscope compnsmg a) a socket sultable to rccelve
elements of a stapling device; b) at least one- 111ummat10n channel; and c) at least one
objectlve lens coupled to the objectlve unage plane of a sensor surface
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Invention Title:

Fundoplication apparatus and method

The following statement is a full description of this invention
including the best method of performing it known to us:-
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FUNDOPLICATION APPARATUS AND METHOD

Field of the Invention
The present invention relates to endoscopic aipparatus. More particularly,
the 'in;vention telates to an apparatus and a méthod for the endoscopic

fundoplication for the treatment of gastroesophageal reflux disease (GERD).

Background of the Invention

GERD is caused by abnormal regurgifation_ of acid fluids from the stomach

_ into the esophagus. The stomach generates strong acids to aid digestion.

The esophagus_ is normally protec’béd from fheée acids by a one-way valve

mechanism at it.s junction with the stomach. This one-way valve is called

the lower esophageal sphincter (LES). In patients with GERD, the LES
frequen‘tly malfunctions because it is either too weak or too short, The short

or weak LES cannot retain the contents of the stomach as it fills u§ and

Pressure inside rises.

When the LESlfails, acid flows backwards - refluxes - up into the esophagus

which is not designed to handle it. The result is an acid burn, commonly

- called "heartburn”, or "acid indigestion". Heértburn feels like a burning or

pressure pain behind the breastbone — it may feel very much like a heart
attack. When the acid is in the esophagus, and one belches, it may

regurgitate up into the back of the throat, tasting sour or bitter, and causing ,
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a burning sensation. If this occurs at nigh‘t,fone meay wake-up with either a
hot, fiery feeling in the back of the throat, or even coughing'and ~gaspﬁg
resulting from acid entering the breathing tubes ThlS last phenomenon is

called Reflux Nocturnal Aspiration and can be quite serious in itself,

Reflux Nocturnal Aspiration can be dangerous, because it introduces aﬁd
and bacteria into the airway and lungs. This can cause recurrent bronchms
- pneumonia, lung abscess, or chromc scarring of the lung. It can also lead to

asthma attacks i in those with an asthmatic tendency.

When acid reflux and these symptoms occur daily or up to three or four.

times weekly, the esophagus cannot withstand the damaging effects of the
acid bath and becomes inflamed, especially at its lower-part. Swallowing
can frequently be painful, and food may stick in-the chest. This is called
reflux esophagitis, meaning inflammation of the esophagus due to acid
reﬂux Persistent esophagitis can cause erosions and ulcers and lead to

scarring and narrowing and also irreversible injury to the esophagus.

In some patiénts, as the esophageal lining becomes increasingly damaged
and the body may attempt to try to protect it by changing the lining
material to a more resistant type, such as found in the intestine, This
change, called Barrett's Esophageal Metaplasia, or Barrett's Esophagus,
does not make the symptbms disappear but actually produces a new

problem. Metaplastic changes increase the risk of a cancer forming in the
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new and abnormal lining. Adenocarcmoma of the Gaatresophageal Cardm is

‘8 hlghly malignant and fatal type of cancer, the mcndence ‘of w]nch is

increasing rapidly in America. Some authontles beheve that Barrett's
esophagus is caused by bile reflux and that the_ris‘mg incidence of t}ns
particular type of cancer is due to the increasing use of medicafion- that
suppresses acid productlon, thus allowing the al.kahne bile to reﬂux

u.nopposed into the esophagus

The sympton';s of acid reflux are uncomfortable, and some sort of relief is

) usually sought. Some patients chew antacid tablets, 'sleep on several

pillows, or even sleep upnght in a reclmer Those vnth frequent symptoms '

are treated with drugs that mterfere with the formation of acid in the

stomach such as Tagamet®, Zantac®, Pepcid®,_ and Prilo_sec®. These

medications work well in relieving symptoms, till the next dose is due, but

they have to be taken daily, often for life, and the cost is substantial (around

$1,300 per patient per year).

Moreover, these medications relieve the symptoms, but do not correct the

underlying problem.

' Currently, the only way to restore the valve function is to opeiate under a

general anesthetic. In the pdst, the operation was a complex undertaking,
entailing a large abdominal or thoracic incision, a lengthy stay in hospital,

and a prolonged absence from work. Today, the operation can be done
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7 laparoscopxcally This shortens the hosp1ta1 stay, from about ten days to

two or three days, but is etill carried on under 8 general anasthetlc and is
associated with a  significant complication rate. ‘Therefore.
gastroenterologists are often reluctant to refer patients to surgeons for anti~

reflux surgery and many patients who should be opérat'ed upan ere not.

It is estimated that in the USA alone, 65 mﬂhon people suffer from -
heartburn a.nd GERD symptoms are currently the most common complamt
of patients who consult with gastroenterologists. According to the New

England Journal of Medicine, nearly 40% of adult Amenca.ns suffer from

heartburn; of those who seek treatment for symptoms of reflux esophagxtls

10 to 20% have serious complications (about 4-8% of the total adult

population).

The i’rio_x' Art

GQICAT, NT OF REFL/ OPHAGITIS
Surgica.i procedures are wusually effective in controlling severe
gastresophageal reflux disease. Surgical procedurgs are designed to correct
gastresbphageal reflux by creating a new functional lower esophageal
sphincter and to repair a hiatal hernis wheﬁ present. The most popular
approach is-the Nissen fundoplication or a modification of this technique

[The Esophagus, 3+ Ed,, Donald O. Castell, Ed., pp. 516-517]. It involves

-mobilization and wrapping of the fundus of the stomach around the lower

esophagus. As pressure increases in the stomach: it compresses the lower
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. esophagus, preventing reflux. The procedure is performed after first placing
‘a large dilator in the esophagus in order to prevent making the wrap too -

" tight. Fundophcatton performed by either a’ tradmonal open or laparoscoplc

technique should be identical, except that dccess to the esophagus by
lapmscopy is through a series of four or five puncfu:es, rather than by an
upper abdominal incision. The advantagés of the opén technique include the
ability to see structures in three dnnensmns and to palpate them.
Laparoscopy prowdes a clear magnified view of the area of surgery and is

assoclated with less pain and more rapid recovery postoperatively,

This procedure is ﬂ]ustrated in Fig. 1. The length of the suture "S" is 2.5 to

3.0 cm, and 2 to 5 sutures are typxcally reqwred Because wrapping the

_stomach "ST" 360 degrees around the esophagus "E", as shown in Fig. 1, is

* associated with inability or difficulty in belching and vomiting, partial

fundoplications have been devised. These include the Toupet posterior
partial fundoplication (270 degrees) {Ibid, pp. 517-518] illustrated in Fig. 2,
in which "E" is the esophagus, AW is the anterior wall of wrap sntured.to
the esophagus, nnd "GJ" is the gastroesophageal junction, and the Thal
anterior fundoplication (180 degrees), illustrated in F1g 3, where "F*

indicates the fundus being plicated.

All these procedures have an excellent track record in terms of safety, and
ability to control both biliary and acid reflux. However, they can only be

carried out laparoscopically or via a laparotomy (abdominal incision) or a
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thoracotomy (opening the ’cheét) . Either - way, general anesthesna is

required. Because of this disadvantage, the art has attempted do dewse

) mmlma].ly invasive methods and apparatus that can be wsed to carry out

fundoplication procedures. US 5,403,326 descnbes, a fundoplication method-'

~ of the stomach to the esophagus that requues the introduction’ of an>

esophageal manipulator and a stapler mto the stomanh lumen, and the
stapling the mtussusceptmn esophagus to the stomach. Us 5,558,665, and
1ts related patent US 5,787,897, disclose a w;'ariform-intralummal member
that can be used to manipulate the fundus to a position where it can be
fastened by other devices, and a method for carrying out such surgery. US
5,671,116, and its "related patent nos. 5,676,674 and 5,897,562 describe a
multi-stapler device, and associated staplers, fo;' carrying out an B’.utoniatic '
approximation of the lower esophagué and fundus of the stomach and for

invaginating the gastroesophageal junction into the stomach, thereby

‘involuting the surrounding fundic wall.

WO 00/53102 describes> a metimod and apparatus for mixﬁlﬁally;invasive
f\mddplicétion which requires to use a gripping head to grip the fundus and
to move it toward the esophagus. The device of this reference has the severe
drawbéck of being unable to position the stapling head precisely, and
therefore any attempt to carry out a fundopli.cation ‘may result in dangerous
damage being inflicted on the patient. Furtherx;qore, it entails an

undesirable perforation of the fundus by the grippi_ng head.
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Many types of surgical stapling mstruments have been devised for different

surglcal procedures. Typical designs of basic surglcal staplers-are disclosed

in, for example, U.S. Patent 5,129,570 and U.S. Patent 5,630,541 U.S.

 Patent 5,452,836 and U.S, Patent 5,603,443 disclose staple designs in which

the staple dispensing part and the anvil are separated.

U.S. 5,197,649 and U S. 6,396,030 describe surgical staplers that have been
developed for connecting the severed edges of tubular tissue such as that of

the intestines.

Many other stapler designs are disclosed in the pri_br art. Many of these are
specialized devices that are suitable- for performing only the type of
procedure foi which they have been designed. ‘Most of these are very
difficult q.n&- time consuming to work with, requiring a great deal of skill to

manipulate the tissues and the stapling device.

A basic consideration in the design of all staplers is the fact that it takes a
substantial force to bend the staples. Consequently, at the time the staples
are fired, the anvil and the head must be clamped rigidly together, or the
force will cause them to separate, and the staples will not bend. In ﬁdditioﬁ,
for the staples to bend to the shape réquired to bold the tissues together, ‘the
anvil and the staple dispensing part must be aligned precisely. Because of
these limitations, the distal stapler holding and anvil portions of the device

are typically rigidly pivotally connected together in existing staplers. In

-10-
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staplers where the anvil and staple dispe'nainé parts aré sepérate, cla.mpmg
is done manually at the desired locahon for stapling, which often .

necessitates physical manual contact with the tissues to be stapled together‘

Wlth current staphng methods, it is impossible to hold the aforementmned

e parts rigidly together unless they are rigidly or pivotally connected at the

time of placement.

Endoscopy is a mature class of surgery that came into wide use after the .
invention of the Hopkins rod-lens relay system in the 1960s. Prior to tb.Ls
breakthrough, endoscopes provided very poor unage quality coupled w1th an
inability to prov:de and transnut adequate lllum.mahon and were not
suitable for most surgical and diagnostic apphcatlons. The earliest
endoscopes relied on the physician to directly view the interior surgical site
by look;.ng through the eyepiece of the endoscope. As video camera
technology evolved, endoscopes could be coupled to a video camera indirectly
through a coupling lens attached to the eyepiece, or directly by coupling the

image to the sensor without use of an eyepiece at all. The use of video

. displays allows the entire operating team to view the surgical site, and the -

surgeon is not required to keep his eye at the endoscope ocular, The use of -
video also permits documentation (image storage) without the use of bulky

and inconvenient photographic equipment.

Endoscopes currently exist in an array of different forms and are suitable

-11-
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for a wide variety of surgical procedures. Most ehd&scopes are designed to

" provide a broad view of the interior surgical site, but do not necessarily

provide adequate visualization of the tools used with the endoscope.: Even
though endoscﬁpe.s may be highly specialized for a particular procédure,
they all contain the same basic component ;s.srsteme.',; An cbjective ;)ptical
system captﬁres va single image or view of the surgical area, a relay opﬁéal

system carries the image from the distal to proximal end of the device, and

an eyepiece or camera system (or both) are used to view the transmitted .

image. Light to illuminate the surgical scene is délivered via optical ﬁbérs
or waveguides that are integral to the endoscope. -The endoscope may also
contéin working channels or incorporate treé;tme'nt options su@:h.as laéer ,
delivery. All of the_se parts are contained within an outer sl.leath that may
be made from rigid or flexible materials. The endpscope itself may be rigid,
semi-flexible, or ﬂexiBle, and may have the ability to actively bend in one or

more directions at its distal tip.

The objective of an endoscope may consist of glass or plastic lenses,
diffractive or hybrid Mactive/re&active ienses, GRIN (graduated
refractive index) lenses, prisms or mirrorg. The image relay system may
coneist of a series of glass rods and. lenses (a “roé lens” system), a éeries of
lenses only, or fiberoptic image guides. The relay system may be bypassgd
in a. video-only endoscope by placing the image sensor directly in the

objective focal plane. The eyepiece typically consists of glass or plastic

lenses. A video camera may be coupled to the eyepiece via a coupling lens,

-12-
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or may connect directly to the endoscope and View the image formed by the
re]ay or obJectwe system directly. A light source is coupled to the endoscope
by a flexible fiberoptic cable in most cases, and is delivered by optical
waveguides or fibers that may be glass or plastic. Some endoscopes provide.
ﬁemg m stereo by incorporating more than one optical system at the
proximal end to view the scene from two sligﬁﬂy offset perspect'ivés. While
these stereo endoscopes incorporate multiple image channels, they provide

only one view of the surgical scene on an electronic display.

Ehdoscopes may be reusable or disposable, or may be split into one or more

disposable and one or more reusable parts. Advantages of reéusable

'endoscopes are that they are usually of much l:ngher quality and have

durability desxgned in. Disadvantages include degradatlon of the image
quality _after sterilization, which is performed usmg such methods as steam
autoclave, ETO (ethylene oxide), glutaraldehyde, Steris (peractic acid),
Sterrad (hydrogen peroxide plasma), or other harsh chemicals and
temperatures. The sterilization process degrades optical coatings, cements,
and surfaces, and can also have deleterious effects on thé mechanical parts.
Another disadvantage of reusable endoscopes is their comparatively lugh
initial cost. Disposable endoscapes do not suffer from repeated sterilization,
and also reduce the possibility of cross-contammatmn from one su.rglcal
procedure to the next, Because they must be purchased in larger qua.ntltles
and do not need to be as durable, initial costs are less than reusables

(though per-use costs are typically higher). Endoscopes that are partly

-13-
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dlsposable and partly reusable sre designed to maxxmze the advantages of

each type of device while minimizing the dJsadvantages and cost per use,

Noththstandmg the great efforts made in the a.rt ta overcome the need for
major surgery in the treatment of GERD, none of the abovementioned

| devices and methods have gamed any antual popularity, and they are
currently not in use. The rea.sons for this fact aré many, and include tiie
difficulty in controlling the operation  of the device, the inherent
disadvantages of the types of fundoplications that can be achieved by them
the ongoing rieed for additional invasive operatlons particularly the

_ laparoscopic introduction of devices, ete. It is therefore clear that there is a
need in the art for a fundoplication method that can be effectively used for |
the treatment of GERD, ‘and which is free from ﬂ:e above disadvantéges of

prior art methods and devices,

It is therefore an object of this invention to provide a device and method
using it, for the treatment of GERD, which overcome the aforementioned

drawbacks of the prior art.

It is another purpose of this invention to provide fundoplication surgical
apparatus that can be operated quickly and effectively, without the need for

general anesthesia,

-14-
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It is yet another object of the invention to provi"de'surgical apparatds for the
treatment of GERD that can be operated ambulatonly w1thout the need for

expensxve operating rooms,

Itisa further object of the invention to prbvide a igethod and apparatus for
the partial fundoplication of the fundus of a patient's stomach.

It is an object of this inyention to provide a surgical stapler which
overcomes the drawbacks of prior art by proﬁding a totally flexible
connection between the sfaple holder and the anvil parts, at the time of
insertion and placement at the surgical site; yet holding the staple

dispensing part and the anvil part rigidly together and in precise alignment
at the time of the firing of the staples.

It is another purpose of the invention to combine a flexible stapling device

with a flexible endoscope to achieve an instrument that can be used to -

" endoscopically perform a variety of surgical procedures.

It is a further purpose of thig Invention to provide a device for performing
endoscopic surgical procedures that improves over the devices of prior art in

its ease of operation,

It is yet another purpose of the invention to provide a stapling device that ig

particularly suitable for use in a flexible endoscope for the treatment of

GERD by fundoplication.

-15-
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" It is another purpose of the present invention to provide devices that allow

" implementation of said methods by using ultrasound techniques to position

separate parts of an endoscope with respect to each other.

Other purposes and advantages of this invention will appear as the

description proceeds.

Summary of the Invention

In one aspect, the invention is directed to an endoscopic device, particularly
for the partial fundoplication, comprising: |

- a distal bending portion and a flexible portioﬁ suitable to be positioned in
extended shape within the esophagus of a subject;

- & positioning assembly comprising two separate elements, one of which is -
located on said distal bending portion, and the otheér on said flexible portion;
- a stapling assembly comprisiné a staple ejecting device, wherein said
staple ejecting device is located on. either said beﬁding portion or on said
flexible portion, said staple ejecﬁng devices ‘being in working po.sitioned
relationship when said t§vo separate elements of said positioning assembly
are aligned; and

- circuitry for determining when said two separate elements of said

positioning assembly are aligned.

-16-
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According to a preferred embodiment of .the’ jnvention, the stap]ing
assembly further comprises an anvil, wherein one of said anvil and of said

staple ejecting device is located on said bending portion, and the other is

' located on saJ.d flexible portion, said anvil and said staple eJectmg devu:es

bemg in working positioned relatmnslup when said two separate elements

of said positioning assembly are aligned.

Preférably, but non-]imitatively, the devme of the invention comprises

safety means for disabling the operation of the staple-ejecting device when

the two separate elements of the positioning assembly are not alipned.

The device of the invention should preferably comprise viewing means,
typically a v1deo camera. As will be apparent to the skilled person, it is
usually necessary to provide illumination apparatus for viewing purposes.

These, however, are conventional, and are therefore not discussed herein in

_detail, for the sake of brevity. Additionally, conventional endoscopic devices

and accessories can be provided, such as water and/or air supply and/or

suction.

According to a preferred embodiment of the invention the endoscopic deﬁce
further comprises a positioning assembly to position a portion of a stapling
assembly within the esophagus at a location of about 5-6 cm above the

gastroesophageal junction, when the endoscopic device is in working

17-
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position. In a preferred embodiment of the invention said portion of the

stepling assembly comprises an anvil,

The said portion of the stapling assembly can be displaqed along the axis of

" the -endoscopic device by vaifious means. According to a preferred

embodiment of the invention this is achieved by the action of a flexible
threaded cabl_e coupled ﬁtb a female thread located in said portion of
stapling assembly. In ohe preferred embodiment of the invention the
flexible threaded cable is located within fhe endoscopic device, and is in
contact with the female thread through a sﬁt provided in the wz;til of the
hody c;f the ‘endoscopic device. In another alternative preferred embodiment
of the i'nventiop the flexible threaded cable is erhlﬁe'dded in the extornal wail
of the endoscopic device, and is in dﬁrect contact with the fen;ale tﬁead of

the portion of the stapling assembly.

In one preferred form of the invention the flexible threaded cable is rotated

"using a micrometric assembly, thereby to displace the portion  of the

stapling assembly positioned within the esophagus by a controlled distance.

"The anvil will be often located within the esophagus, and can be of any

suitable shape. According to a preferred embodiment of the invention the

anvil is essentially ring-like in shape.

-18-




23 Dec 2004

2004242567

W

{0

3

20

-1'6-

The distal portion of the positioning assemb‘ly can be located at diﬂerent

- positions on the dlstal end of the endoscopic devme Acoordmg to a preferred

embodiment of the mventmn said dlstal portmn of the positioning assembly
is located on the distal tip. According to anot;her preferred embodiment of

the mventmn the distal portion of the p031t10nmg assembly is located on the

outer wall of the distal tip.

‘Similarly, the distal portion of the stapling assembly can be located at
different positions on the disfal end of the endoscopic device. According 1o a
preferred embodiment of the invention said distal portion of the staphng
assembly is located on the distal tip. According to an alternative preferred
embodlment of the invention the distal portion of the stapling assembly is

located on the outer wall of the distal tip.

. In a further aspect, the mventmn ig directed towards prowdmg a staplmg

device for a surgical endoscopxc device provided thh at least one flexible
portion, compnsmg a staple-firing portion and an anvil portion, wherein one

of said staple firing portions and one of said anvil portions are located

- longitudinally displaced from one another along the longitudinal axis of said

endoscopic device, with at least a part of said flexible portion between them.

'Accord.ing to preferred embodiments of the invention, the staple firing

portion is located proximately to the proximal end of the flexible portion and

the anvil portion is located on the distal end or tip of the flexible portion.

-19-
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According to another preferred embodiment of the invention, the ﬂexible

portion is an articulation section

According to one embodiment of the invention, the stapling assembly

- comprises one or more alignment/locking pins that ¢an be. extended or

retracted from one part of the stapling assembly into a locking posiﬁon‘ in
the second part of the stapling assembiy. According to a preferred
embodiment of the invention, the mbtion_of the alignment/locking pins is

accomplished by employing a dual rack and single pinion system.

According to a preferred embodiment of the invention, the ‘parts of the
stapling device are in correct working relationship when two
alignment/locking pins that are stored in the anvil portion are extended anﬂ

engage and lock into receptacles on the-staple firing portion.

" According to a further preferred embodiment of the invention, the endoscope

employs a two-way articulation system. In this case, completely hending the
articulation section using a fixed radius of curvature brings the two portions

of the stapler into alignment, Sy

In another embodiment, a four-way articulation section is used. In this case
a positioning assembly comprising two separate élements, one of which is
located near the staple ejecting portion, and the other near the anvil portion

is provided to assist in bringing the parts of the stapling device into correct

-20-
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' working relationship. The positioning assembly. can employ ultrasonic,

light, radio frequency, Piezoelectric, or magnetic soiurces and detactors,

The staple firing ﬁortion contains a stapleA .ca.rtridge containing one or g
plurality of arrays of staples. Each array consists of ¢ one or a plurahty of
staples. The arrays of staples are fired by staple pushers actuated by cams
actuable by proximal means. The staple ca.rtndge is indexable after the

firing of each of the arrays of staples by the action of a proximal actuatmg

device.

In a prefen-ed embodiment of the invention, there are three arrays of

staples and there are five staples in each array and three windows are

provided on each side of the staple cartridge to ass1st in locking it in place

after indexing.

Preferably, but non-limitatively, the device of the invention comprises
safety means for disabling the operation of the staple-gjecting device when

the two separate elements of the positioning assembly are not aligned.

In a preferred embodiment of the invention, the alignment/locking pins are
manufactured such that the pin tips can be broken by the force exerted by

unbending the articulation section, in case of malfunctioning of - the

unlocki.ng mechanism,

-21-
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The endoscopic device of the invention should preféfably comprise viewing

- means, typically a video camera. In a preferred embodiment of the’

invention, two sep aré_te‘ optical channels are provided to provide two
independent images, one from the area of the anvﬂ at the distal tip and one
from the area of the staple cartridge in the shaft of the endoscope. As will be

apparent to the skilled person, it is usually necessary to provide

_i].lumination_ apparatus for viewing purposes. Additionally, other

conventional endoscopic devices and accessories, such as Water and/or air

supply and/or suction, and/or ultrasound are provided,

The present mventmn also relates to an endoscope comprising two. or more
optlcal channels that produce two or more distinct views. The endoscope of
the 1nvent10n is suitable for performing various surgical proceédures,
including fundoplications, stapling of the stomach for obesity management, '
bladder neck sling procedures for incontinence management, and othe-r
procedures that may bel_leﬁt from having multiple interior views. Su'ch
treatments may be performed percutaneously, or by gaining access via

natural body canals such as the esophagus or urethra.

Thus, in one aspect, the invention is directed to an éndoscope comprising
two or more separate optical chanuels that produceA two or more distinct .
views, each of said optical _channels consisting of an objective lens and &
means of capturing or viewing the image; each channel optionally also

including one or more of the following elements: a) an optical relay system;

-22-
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b) an occular, and c) a couphng lena smtable to deliver the i Lmage acqmred

by sald obJectwe lens to an nnage sensor and dJsplay apparatus; whe‘rem

~ each obJectlve lens is located at a different pos1t10n along the leng'th of the

endoscope

In another aspect, the invention is directed_ to a GERD endoécope
comprising:

8)  asheath provided with a distal articulated section;

) | stapler components distributed between a first location at the tip of
said articulatedbsection, and a second location along the length of ‘said

sheath, and which stapler compenents. can be brought into a cooperative

“working positioned relationship by articulation of $aid articulating tip:

©) a first objective lens located on said distal tip; _

d)  a second objective lens located at said seooﬁd location along the
flexible sheath;

e) a first optical channel to deliver the image acquired by said first
objective lens to display apparatus coupled to said endoscope; and

tl) a second optical channel to deliver the i image acquired by said second

objective lens to display apparatus coupled to said endoscope

In another aspect the invention is directed to a method for carrying out an

endoscopic partial fundoplication of the fundus of the stomach of a patient,

comprising the steps of:
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a) providjng an éndoscopic -device- comprising a bl‘)ending pértiéi: : and é. '
flexible portion, a positioning. assembly compnsmg two sepa.rate elements,
anda stapling assembly compnsmg a staple- ejectmg dev1ce '
b) moving the distal tip of said endoscoplc dewce s@ as to engage tﬁe fundus
of the Ipatiept and to djspiace it toward the lower part of the esophagus;

¢) bringing sa_id-sta.pling'assembly into Working p‘ositioned relatiénship by
aligning said two separate elements of said pcmtlomng assembly located
one on the bsndmg portion and the other on the flexible portion of said

endoscope;

d) determining when said two separate elements of said positioning

, assembly are aligned by analyzing @ signal resulting by bringing them into

close positioned relationship and recewed at a sugnal receiving and'
analyzing circuit cooperating with said posmonmg assembly;

e) ejecting a plurality of staples from said staple-ejecting device, thereby to
connect the tissue between them; and '

f) rotating the endoscopic device relative to the axis of the esophaéus and
repeating steps (c) through (e) for as many times as needed to achieve the

desired partial fundoplication,

According to a preferred embodiment of the invention the stapliﬁg assembly
further comprises an anvil, wherein one of said anvil and of said staple

ejecting device is located on said bending portion, and the other is located on

said flexible portion.
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4 In one preferred embodiment of the invention the 'éignal‘vreaulting by

brmgmg the two separate elements mto close posmoned relahonshrp 1&_'

maximized by measurmg a physmal pa.rameter Whmh 1s a function - of the . ,

. distance. In another preferred embodunent of the mventmn the SLgnaJ‘

resu]tmg by bringing the" two sepatate elements mbo close posmoued

relahons]np is maximized by correlating it to a measured physical

. parameter.

The invention also eneompasses a method for positioning the en‘doscopi.c
device ef the invention in pre-aligned working pos;'tion, comprising the. steps
of:

A) iptroducing t_he endescopic‘device throilgii: the mouith of a pe.tient and
locating the xﬁosition of the gastroesophageal junction;

B) determining the dista.pce from a reference point located on the endoscopic
device, and the gastroesophageal junction;

C) introducing the endoscopm devxce into'the stomach by a lengbh below the

gastroesophageal junction sufficient to permit the dwtal tip to be ﬂexed mto

& position where the fundus is pushed toward the esophagus;

D) locking the endoscopic device such that it cannot move relatively to the
axis of the esqphagus; »

E) determining the position of the portion of the stapling assembly
positioned within the esophagus using its original axial location, the
distance determined in’step B) above, and the radius of curvature of {;he

distal portion qf the endoscopic device; and

F) displacing said portion of the stapling assembly so as to position it in the range

of about 50-6 cm above the gastroesophageal junction,
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According to another aspect, the invention is directed to a distal tip for an
endoscope comprising:
a) a socket suitable to receive elements of a stapling device;
b) at least one illumination channel; and

c) at lest one objective lens coupled to the objective image plane of a sensor
surface.

In one embodiment of this aspect of the invention the objective lens is coupled
to the objective image plane by means of an air gap. In another embodiment the
objective lens is coupled to the objective image plane by means of a coupling lens. In
yet another embodiment, the objective lens is coupled to the objective image plane by
means of an optical relay system.

In still a further cmbodiment of this aspect of the invention, the distal tip may
further comprise a suction and/or irrigation channel. Further to this, the distal tip may
also comprise one or more transducers and/or a reflector for use in ultrasound
positioning.

The socket of the distal tip may be suitable to receive a staple dispensing
element of a stapling device. Further, the socket may be suitable to receive the anvil
element of a stapling device. In this regard, the distal tip may comprise one or more
pins and/or screws for use in locking the staple dispensing element to the anvil element.
In one embodiment, the one or more pins and/or screws may be used in locking the
anvil element to the staple dispensing element.
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All the above and other charactenstws and advantages of the mventlon will
be further understood through the following lllustratlve and uon-hm.ltatxve

descnptlon of preferred embodlments thereof with reference to the

appended drawings.

. Brief Description of the Drawings

-Fig. 1 ﬂlustrates the prior art wrappmg of the stomach 360 degrees around

the esophagus;

- Fig. 2 illustrates the prior art Toupet posterior partial fundoplication @270
degrees);

- Flg 3 illustrates the prior art Thal anterior fundophcatlon (180 degrees);

- Figs. 4A and 4B schematxcal]y illustrate a conventmnal endoscope;

- Fxg 6 schematmally llustrates the fixed portion and the bending distal

portlon of the device of the invention;

. Figs. 6A and 6B schematically illustrate the mechanical proeediua

involved in the fundoplication using a device according to the invention;

- Fig. 7 schematically illugtrates the positioning of the device prior to
staplmg,

- Figs. 8A - 8D illustrate the various posmble mismatchings in the

Positioning of the device;

- Pigs. 9A and 9B schematically illustrate the stapling procedure;
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- Fig. 10 schematicaﬂy llustrates the ope_rétion‘ of an endoscopic dew}ic_e
aceording to another preferred embodiment of the in\}éntion;
- Fig. 11 illustrates the positioning of the device of Fig. 10;

- Fg. 12 shows the an-angement of the tip of the device of Fig. 11;

*-Fig 13 ﬂlustrates the posmonmg procedure of the anvil in the esophagus,

according to a preferred embodlment of the mventlon

- Fig. 14 is a biter, used in a procedure according to a preferred embodiment

of the invention; o

- Figs. 16A-15C illustrate thé fine positiom'ng of the anvil within the
‘esophagus;

- Fig. 16A schematically illustrates the ﬁke_d portion-and the articulation
distal portion-of an endoscope, comprising a stapler according to a préferl;e'd
embodiment 6f the invention;

- Figs. 16B schematically illustrates the articulation of the endoscope of
Fig.16A through its maximum bending angle;

- Fig. 17A schematically illustrates the distal tip of an endoscope, provided

with a receptacle for the anvil section of a stapler, according to a preferred

embodiment of the invention;

- Fig. 17B shows the distal tip of the endoscope of Fig. 174, with the anvil

module of the stapler assembly in place;
- Fig. 18A is a cross-section showing the internal parts of the disposable

anvil unit, according to an embodiment of the invention ;
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-Fig. 18Bisa cross-section similar to that of Flg 18A showing the internal
parts of the  disposable anvil "unit, accordmg to another preferred
embochment of the invention;

- Fig. 18C shows the face of the aﬁvil unit of Fig.18A or Fig. 18B;

- Figs. 19A and 19B schematically show side énd front viewsi respectively of
the 'staple cartridge holder, according to a plreferred embodimenf of fhe
invention; )

- Fig. 20A shéw.s‘.\the layout of the cartridge holder body of Figs. 194 and
19B;. ‘

- Fig.20B is a cross-section taken along the A-A plane of the ca.ttridge hdider
body of Fig. 20A;

* - Fig. 21 shows the activation cam subassembly of the stapler cartridge of

Fig.204;

- Fig 22A is a side view of the cartridge body of Fig. 20A showing an

activation ¢cam;

- Figs. 22B, .220, and 22D illustrate'the firing of the staples;

- Figs. 23A and 23B are respectively side and top schematic views of iﬁe

housing of the stapler cartridge;

- Fig. 244 shows a link of the. articulation section of the endoscope;

- Fig. 24B shows the connection between two of the links shown in Fig. 24A. .
- F1g 25A shows the staple configuration before firing, typical dimensions

being also indicated;

- Fig, 26B shows the staple configuration after firing;
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. Fig. 264 schematically ﬂlustzjates the stapling_ procedure showing the -

" locking neecﬂes deployed from the anvil and lqcked- into the staple Cartridge;

- Fig.26B schematically illustrates the staplingj' procedure showing the
situation after the staples have been ﬁre‘d' and the locking _needleé
withdrawn; »
- Fig. 27 schematically shows a typical endoscof)e objective;
- Fig. 28A through Fig. 288 schematically show endoﬁcope configurations
with a single optical channel;
- Fig. 29A through Fig. 29C show different options for displaying the
multiple views; ‘
- Fig. ?;OA schematically shows tﬂe ocular tylv::es. for monocular viewing;
- Fig.30B schematically shows the ocular types fof Biocular viewing; ’
- Fig. 80C schematically shows the ocular types for étéreoscopic viewing;
- Flg 31A through Fig. 81D schematically show different conﬁguratidnsA for
the dual optical channels for dual viev.vs;
- Fig. 32 schematically shows typical endoscope iilumination system;
- Fig. 33A is a schematic \}iew of an optical assembly showing dual optical

channels;

- Fig. 33B is a cross-sectional view of the assembly of Fig. 83A looking
from the distal end; .

- Fig. 34 shows a display layout for a preferred embodiment of the

invention;
- Fig, 35 is a block diagram of an ultrasonic positioning assembly,

according to a preferred embodiment of the invention;
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- Fig. 36 schematically illustrates the spatial phase difference of

. measuring distance; ‘

- TFig. 37 schematically illustrates an alignment method based Von ini;énsity
méthodg; v _

- F1g 88 schematically illustrates another aiighment method'b‘ased on
ihtensity methods; . V

- Figs. 39A and 39B schematically illustraie a triangulation method of

alignment;

Fig. 40 schematically shows a triangular construction for use in an

alignment method;

Fig. 41 schematically illustrates the shape of an ultrasonic beam;

- Fig. 42 schematically illustrates the wav‘e-g'uidé' poéitioning method; -

Fig 43A schematically illustrates a one-step reflector;

- Fig. 43B schematically illustrates the signal reflected from the reflector
of Fig. 434;

- Fig. 43C is a reproduction of an oscilloscope screen showing fhe'

reflections from & reflector of the type shown in Fig. 434;

- Fig. 44A échematically illustrates a two-step reflector;

- Fig. 44B schematically illustrates the signal reflected from the reflector

of Fig. 444;

- Fig. 45A schematically illustrates another two-step reflector;

- Fig. 45B schematically illustrates the signal reflected from the reflector

of Fig. 46A;

- Fig. 464 schematically illustrates a cylindrical reflector;
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- Fig. 46B schematically illustrates the sigﬁ_al.reﬂected from tho reﬂector
.of Fig. 46A; »
- Flg 46C is a reproductlon of a photograph of an oscilloscope screenr '
showing the reﬂectlons from a reflector of the type shown in Fig. 4GA
S - Fig. 47 schematically shows two-step reflectors ona staple cartridge;
- Pig. 48 is a block d.iagrain- of the ultrasoﬁnd syétem .according to another
preferred embodiment of the invention;. .
- Fig. 49 ;chematicaﬂy illustrates the transmitter portion of the
ultrasound system; |
/O . Fig. 50 schematjcally illustrates the receiver portion of the u]’crasouhd
' system; ‘
. Figs. 51A and 51B are reproductions of photographs of computer screens
showing predefined reference signals;
- Fig. 524 is a reproduction of a photograph of a oomputer 8Creen showmg
5 a measured received signal and g correlatlon result between the received
» signal and the reference signal of Fig. 51B;
- Fig. 52Bis an enlargement of a section of Fig. 524;
- Fig. 53 is a flow chart of the alignment algo;ith%n;

- Fig. 64 schematically ﬂlustrates a two-step reflector; and

2 . Figs. 654-55T schematically illustrate an alignment procedure.

Detailed Description of 2. referred Embodiments

‘The invention will now be further explained through the illustrative and

non-limitative description of preferred embodiments. The invention employs
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many elements, such as the endoscopic base elements and the surgical

" stapler, which are well known in the art, and which are theréfore not .

described here in detail, for the sake of brevity, A Conventionai endoscope is °

illustrated in Fig. 4. This endoscope compnses several features, such as the

operating switches, the angulation lock, etc., that may be present in the
device of the mventmn but that will not be descnbed in detail in the
description to follow, because they are conventional and well known to the
skilled person. Thus in the following description only elements needed to
ﬂlustrate the invention will be described. Bneﬂy, however, the endoscoi)é
illustrated in F1g 4A and generally indicated at 40, is provided with a
control section 41 provided with suction valves, locks, switches, etc.,
switches 42-45 being marked for illustration purposes. It also comprises a
connector section 46, used to connect air and water inlets, light guides, etc.,
the light guide being indicated at 47, for illustration purposes. The insertion
tube 48 consists of three separate sections: a flexible portion 49, a bending
section 50 and a distal end 51. These latter three sections are shown in
greater detail in Fig. 4B, Wlﬁt:h also indicatés the distal tip 52 in which the

distal end 51 resides.

Looking now at Fig. 5, the distal portion of the device of the invention is
schematically shown, This portion comprises a bending section, indicated at
"b", and a fixed, non-bending section, indicated at "f', The bending portion
can be of any suitable type, e.g., as that shown in Fig. 4A, or as described in

the aforementioned US 578’7 897. The fixed sectmn f, contains a first
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element of a stapling assembly, 61, the counterpart of which, 614, i8 located

near the distal tip 63 of the bending section, .-b; Stapling elements 61 and

 BlA, together, foxjm the entire stapling assembly, to be discussed in greater

detail below. Simildrly, the fixed section f contains a first positioning |
element 62, which together with its counterp.art 624, located in 'this
particular embodiment neaxl the distal tip 63 form ‘the entire positioning
assembly, to be discussed m greater detail Bqlow. ‘Positioning elements 62
and 62A can be located at any suitable location along‘the respective sections
b and f of the device (e.g., either below or ‘above elements 61 and 614),
provided that when the two elements 61 and §1A. of the stapling assez;nbly .

are in working positioned relationship, said two élements 62 and 62A are

also in working positioned relationship.

Positioningvrbnarkings 64 may be located on the device, at the ext:remity
outside the patient, to provide information on the length of device that has
been introduced into the patient. Endoscopic visidn means (not shown) can
also be provided, to image the fundus of the stomach and to determine the

distance from introduction to the GE junction for each specific patient,

These means are conventional of éndoscopic apparatus, and are therefore

not described herein in detail,
The device of the invention has three particularly important areas of

operation: 1) the mechanical operation of the device, to bring it into the

generally desired position; 2) the positioning operation, to position it in the
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exact desired location prior to surgical op'erat‘ion: and 8) the surgiéa]
operation which typically - but -non-limitatively - involves the stapling of

living tissue..These operations will now be described in detail.

Mechanical Operation of the Device

The mechanical operation of the device involves the bending of the bendable
section of the device so as to engage the furidus of the stomach with the
distal tip 63, and to move it toward the lower esophagus. This is

schematically illustrated in Fig. 6 (A and B). In Fig. 6A two positions of the

. device are shown, a and a'. Position a is the initial position after the device

has been inserted the whole of its desired length of insertion. Position a'
illustrate the beginning of bending of bending section b of the device,

towards the fundus 65, the tip being indicated as 63",

In Fig. 6B the situation shown is that in which bending of tha device has

been taken further, and the distal tip 63 has caused the fundus 65 to move

from its original position to a position nearer the lower esopﬁagus‘ In this
position, or in a closer position, if the fundus is correctly posmoned by tip
63 it is possible to carry out the stapling together of the fuudus and
esophagus. This procedure may have to be repeated once or more than once

to achieye about 180° of fundoplication.
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The Positioning Operation

"The positioning operation is the most critical step in the procédil‘re.. This 6&1_1
be explained"by lookiﬁg. at Fig. 7. In the 'ﬁgﬁre, a devicé according to a
preferred embodiment of the invention is scﬂématidal]y shown, in which a
stapling assembly 61, 61A is shown, as well as a positioning assembly 62,

624, located on the endoscopic device generaHy indicated at numeral 66. It

- should be noted that the order of these two assemblies is inverted, as

compared to that of Fig. 5, to'illustrate that the order is not critical.

In order to fasten the lower part of the fundus 65 to the lower part of the

esophagus 67, by means of stapling asseﬁbly 61, 61A (the operation of
which will be described below) it is im;;erative that element 61 and element
61A be brought into the correct working positioned relationship, so that the
staples, when ejected, perform their required t#sk. Failure to bring the
parts of the stapling assembly into the correct positioned relationship may
be fatal, ‘as it will result in the staple not beihg correctly positioned or
folded, and in a high risk of damaging the tissue where the stapling has

been performed.

The possible mismatching of the sections of the device is illustrated in Figs.
8A-8D. Fig. 8A shows the desired situation, in which the two elements, 62
and 624, that form the posiﬁoning assembly, are aligned one with the other,

thus bringing the device into working conditions. As schematically seen in
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Fig. 7, aligning of the positioxﬁng assembly :results in & corresponding

aligning of the stapling assembly.

Fig. éB shows a situation in which an a.ngulAr movement has occurred at
the ethow 68 of the device of Flg 7 resultmg in a mlsahgnment of
magnitude "d" between the positioning elements. In Fig. 8C a rotatlonal
mlsmatchmg is shown, in whlch the bendmg section of the device has also
rotated along its axis by an angle 6, again resulting in a comparable
misalignment of the stapling assembly, Finally, Fig. 8D shows the situation
in which the distal tip 63 of the device has not been pushed up sufﬁcxently,

and a xmsahgnment of helght "h" has occurred. All these occurrences must-

 be avoxded, since any of them is hazardous and will not obtain the desired

result.

According to the invention, therefore, the aligzging'assembly consists of two
elements that, when brought into‘an alignment such that the elements of
the stapler assembly are aligned, permits to actuate the stapler., According
to a preferred embodiment of the invention the elements of the positioning

assembly are ultrasonic elements, i.e., an ultrasound transducer and a

- receiver. A simple analysis of the ultrasound signal received at the receiver

makes it possible to determine the maximal signal; which corresponds to the
exact alignment. According to another preferred embodiment of the

invention, one of elements of the positioning assembly emits light and the

other is a photosensitive element that translates the received light into a
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signel. Again, the maximal intensity of the signal indicates the maximal

ah'gnment.

"According to still another preferred embodiment of the invention, one of the
elements of the positioning assembly is a piezoele&ﬂc rtransduoer, and the
o'ther is a simple brotrusion. Appﬁcation of ar pressure by the protrusion on
tixe piezoelectric transducer, via the thin tissue, generates an electric signal

which, again, can be analyzed to determine its maximal value,

It should be mentioned that, in certain types of positioning assemblies, e.g.,

if it were desired to employ an RF assembly, it is not at all necessary that

the two elements, 62 and 624, be physically aligned as shown in Fig. BA,

viz., such that their physical centers are essentially aligned. When the

alignment procedure does not reiy on a physical, center-to-center matching,
elements 62 and 62A could be positioned differently on the two sectio;xs of
the devic_e,. provided that when they generate an output signal
representative of maximal alignment, elements Gi and 61A of the stapliﬁg

agsembly are indeed physically aliéned.

As will be appreciated by the skilled person, many different alignment
schemes can be devised, for instance, using RF signals to determine the
alignment position, or using a magnetic field generator on the one side, and

a magnetic field positioning sensor on the other.
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Surgical Operation

. The 'surgical operation will be illustrated herein. with reference to the

étap]ing of tissue, for the sake of simplicity. It should be understood,

~ however, that the invention is by no means limited to stapling, and that any

other operation capable of connecting tissue, so é.s" to bring the fuJ_:dus into
juxtaposition with the lower part of the ééopha'gus - e.g., suturing iwit};‘ba
needle, can also be employed. However, stapling is the most convenient
procedure in cornmen use for this type of surgery, and therefore w:tll be used

herein to illustrate the invention.

Fig. 9 shows the relevant part of the device and tissue. In Fig. éA element
61, which in this case is the anvil, is aligned with element 614, which in
this case is the staple ejecting device. Of course, the two elements could be
inverted since the operation of the stapler would be exactly the same in both
cases. Stapler 61A may have been kept covered by a i'etractable cover 69, to
avoid inﬁltration of foreign material, until the two glements are aligned and

ready to use. Actuation of elements in an endoscope, such as that of cover

- 69, is well understood by the skilled engineer, and is therefore not discussed

herein, for the sake of brevity

Fig. 9B shows the situation after the stapling has been effected. Staples,

' collectively indicated at 70, have engaged between the fundus and the

esophagus, at the specific location on which it was operated. It is now

-30-




23 Dec 2004 -

2004242567

V(@]

-36-

possible to move the device by rotating it to its next location (i.e., by moving

“it in a direction perpendicular to the plane of the cross-section of Fig. 6. .

When the next location is reached, the ahgmng procedure is repeated, and

the stapling is effected again.

Surgical staplers are well knowr in the art. Examples of suitable surgical
staﬁlers can be found in the aforementioned U.S. patents, and a preferred

stapler according to the invention will be described in detail hereinafter.

It should further be noted that anvil-less staplers can also be provided. This
type of stapler is well known in the art and is m@ﬂgctwed, for ihstan_ce,
by Design Standards Corporation, USA. In such a caé.e, of course, there is no
‘need to align the stapler and the anvil, since no-anvil is needed. However, it

is still needed to position the two elements of the positioning assembly in

‘the correct positioned relationship, since otherwise the wrong tissue portion

niay be stapled. Accordingly, all positioning operations described herein are
relevant for both staplers wiﬂz and without an anvil. Whenever reference is
made in this descﬂption to either type of stapler it ShOUJ:d be understood
that the same applies, mutatis mutandis, to the other type, and the relevant

part of the description will be not repeated, for the sake of brevity.

Another preferred embodiment of the invention is described in Fig. 10,

which represents the same situation as described above with reference with

Fig. 6B, but when using a bending end made of joints which have a radius of
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curvature such that, when brought into the position shown in Fig. 11, the
tip 63 of the end part of the bending portiozi of the device (portion "b" of Fig.

5) is not parallel to the fixed portion (portion "f" of Fig. b), as shown in Fig.

6B, but rather its tip 68 is positioned in front of elements 61 and 62 (i:l"ig. 5).

Such bending end and tip can be, e.g., similar to those shown in Fig. 4B. -

Fig. 11 schematically illustrates the positiom'ng of the device, according to
this preferred embodiment of the invention. Positioning element 624,
}ocated on tip 63, is brought into position in front of positioning element 62,

located in the fixed portion of the device.

Fig. 12 schematically illustrates a tip 63, according to a preferred
embodiment of the device of Fig. 11. The tip comprises positioning element

62A (positioned at the center in the figure, but which can be positioned

. elsewhere), element 61A of the stapling assembly, a lighting element 71,

which may be, e.g., an optical fiber, air euétionv and/or water dispensing

opening 72, and a video camera 73.

Introduction Procedure

The procedure through which the endoscopic device is introduced and

' brought into a generally aligned position (prior to using the positioning

assembly 62-624 of Fig. 7), will be briefly ‘explained, using a sﬁnpliﬁed

example, with reference to Fig. 13.
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' When in working position, stapling element 61 (referred to as the anvil in

this example), must be located at a distance "y" from the gaétroeéophageal
junction GJ which typically varies between about 5-6 'czln, while fhé-t'dtal
length of the esophagus 't;ypicall.y varies betﬁeé’h abéut ‘35-50 cm, déﬁeﬁding .
on the subject. In order .to determine the exact iength "y, the GJ is
identified, when first introducing the device, by Y_isual inspection, e.g.,. via
video camera 73 of Fig. 12. The total length‘ of the device introduced at this
stage .is determined by reading the value ind.{cated on the positioning
markings 64, as also explained with reference to Fig. 5. Knowing the total
length of tHe endoscopic device, its radius of curvature, "r*, and the ex‘;act

position of the Gd, makes it possible to determine the exact position of the

. anvil 61 relative to the length of the endoscopic device.-

The endoscopic device 66 is then advanced to the desired position, and is
then fixed using a constraining device, such as a bitei' illustrated in Fig. 14.
The biter,. shown in cross-section and generally indicated at 80, has a biting
portion 81 which is held between the teeth of the patiept. The endoscopic

device (not shown) is introduced through the biter via an appropriate

~ opening 82. When the device has reached the desired position the endoscopic

device is caused to remain in its position by fixing it to the biter using

conventional clamping means (not shown).

It is now neéessary to move the anvil 61 so as to bring it into the desired

position, ie., 5-6 cm above the GJ. This is done, according to a preferred
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embodiment of the invention, using an arrangeinent such as that shown in
Figs. 15A to 15C. Fig. 15A shows a séction 90 of the endoscopic device,
which is provided w1th a slit 91 through which -a threaded cable can be

introduced. This is schematically shown in F1g 15B where the amnl 61 is

" mounted on threaded cable 92 coupled with a female thread located in anvil

61. Threaded cable 92, whmh is flexible, reaches a micrometric displacement

.assembly (not shown), positioned before the biter, at end 68 of the device. By

actuating the micrometric displacement assembly, knowing the patient's
esophageal length and the position of the GJ, ‘anvil 61 can be exactly
positioned 5-6 cm above the GJ, in general pre-aligned position with the
other half of the stapling assembly, 61A. F1g 15C ih a top cross-sectional

view, showihg the body 90 of the assembly device, the threaded cable 92,

~ and a circular anvil 61.

Looking now at Fig. 16A, the distal portion of an endoscope, according to the

» preferred embodiment of the invention is schematically shown. This portion

comprises a staple firing mechanism indicated at 101 and an articulating
section 102, and the distal tip 103. The section 50 of Fig. 4A is composed of

the sections 102 and 103.

Articulating section 102 is similar in design to that of conventional
endoscopes, but possesses several unique features. In order to simplify the
alignment procedure and at the same time achieve maximum accuracy, a

two-way articulation design has been chosen for the preferred embodiment
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of the invention. This means that the articulating section is constrained to
bend in one direction only (i.e. the tip of the enddscope can only bend from

straight ahead to one side and back to a relatively fixed plane). Secondly,

- the device is able to bend up to 270° in order to carry out the required

medical procedure which is further than in conventional endoscopes .
Finally, the artlculatmg section is strong enough to provide a mgmﬁcant
force against the tissues during fundus distension (described below with

reference to the illustrative éurgical procedui'e); clamping, and stapling.

According to a preferred embodiment of the invention, the stapler cartridge
is positioned at the pi'oximal end of the articulétion_ section, 102, The
stapler deployment system has a side ﬁring-de'sign and-requires an anvil
which is located on the end of the distal tip. Both the stapler cartridge and
the anvil module are preferably replaceable and fit into receptacles on the
shaft and distal tip. These receptacles are labeled 61 and 61A respectively
in Fig. 16A. The stapling elements at 61 and 61A, together, form. the entire

stapling assembly, to be discussed in greater detail below.

Fig. 16B schematically shows the device of Fig. 16A in a fully articulated:
position. The articulation section 102 has been bent thouéh bending ‘angle
a using fixed radius of curvature “r”. The values of radius “c” and the length
of the articulation section are determined by the fixed values " (length of
the rigid distal tip) and “y” (the distance from the position at which tixe

stapling is to be carried out to the proximal end of the articulation portion
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of the endoscope) in such a way that articulati@ of the device completely

brings the two parts of the stapler assembly exactly into alignment.

Fig. 17A schematically shows the distal tip of the endoscope (sectidn 108 in

Fig. 16A). The disposable anvil mddule of the stapler assembly goes into a

. recei)tacle indicated at 110. Two round reusable plungers and seals'a.re_part

of the anvil holder and are shown at‘ 111. A channel for suction, ir;igation,

or any other purpose is shown at 112. The imaging channel is 113 and 114

. represents illumination fibers,

The skilled person will understand that other opﬁons can be provided and
other conﬁg’urations are allowed depending on the requirements of the
endoscopic procedure to be performed. As one ‘example, a transducer,
receiver, or reflector can be placed at onme of fositions 114 for use in

ultrasound positioning as described below.

Fig. 17B shows the distal tip of Fig. 17A with the anvil unit 115 in place.

Numerals 112, 118, and 114 represent the same parts shown in Fig, 17A.

Numeral 116 designates the holes through which the alignment/locking pins

exit the anvil unit and 117 the depressions on the anvil wnit face for curling

the staples.

-45-




23 Dec 2004 .

2004242567

Yy

[y

20

.42

Figs, 18A and 18B are cross sections showing the internal parts of the

" disposable anvil unit that are needed to expléin its operation. Two different

systems are depicted in these figures,
In Fig. 18A. the actuator mechanism 120 is employed to adv_ance and retract
the retention/locator pins. Fig. 18B depicts another preferred system.

Within the support housing is located a dual rack 123 and single pinion 124

- system to provide the desirable motion of the two retention/locator pins 121,

Numeral 117 desig‘nates the depressions in the face of the anvil which ca\ise

_ the curling of the staples. The face of the anvil, showing the pattern of five

staplés used in the preferred embodiment of the invention, is shown in Fig.
iSC. In this figure, 117 repreaentsv the depressions for curling the legs of the
staples, and 116 are the holes through which the retention/location pins are
projected. In Fig.18A, numeral 122 designates the:’plungers that are pm of

the anvil holder and not of the disposable anvil unit.

The second part of the stapler consists of a staple cartridge holder with

disposable stapler cartridge located in the fixed portion of the endoscope

. sHaft, proximate to the articulation section in the preferred embodiment of

the invention. Fig. 19A is a side view and Fig. 19B is a front view that
schematically show those parts that are located at 101 in Fig. 16A. The
staple cartridge holder 130 consists of a tube of appropriate inside and |
outside diameters with a cutout in the profile. Witﬁin, the cutout is-fitted

with a piece of formed sheet metal (not shown) that forms a hermetic seal
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and retains the disposable sta,plé cértridge 181 in the appropriate location

with accurate index locations for the transfer of the staple cartridge for

- 'subsequent firings.

A

Attached to.the tube and sheet metal subéséémbly is a plunger guide

complete vﬁth a seal fitted with a plunger (collectively designated by the

. numeral 132). The plunger fires an array. of staples when pulled in a

proximal direction and then indexes the Stéple cartridge to the next position

by a push motion in the distal direction.

The disposable cartridge case contains two subassemblies, the cartridge -
bod)? that is illustrated in Figs. 20A and 20B and the activation cam

subassembly that is illustrated in Fig. 21.

Referring to Fig. 204, the staple cariridge is made of stainless steel or other
suitable materia.l. such as a suitable plastic and consists of thé cartr_iciée
body (generally indicated at 140) that, in thé preferred embodiment of the
invention shown in this figure, retains three arrays each composed of five

staples 141 and their respective pushers (shown in Figs. 20B and 22A-22D)

.. at an appropriate distance. With each array of staples are two holes 142

20

complete with latches and springs, to bias the. latches in the desirable
direction for latching onto the location/retention pins that protrude form the
anvil. Three windows 143 in each side of the cartridge body, that are needed

for indexing the cartridge are also présent,
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Fig. 20B is a cross-section of the ca.rtndge body of Fig. 22A taken along the

A A, plane, that schematically shows the major elements of this subsystem :

~ In the figure, the numeral 142 designates the holes shown in Fig. 20A, This

view shows schematically the beveled entrance té :each hole, that allows for
easier entrance of the pin into the hole and therefbre pﬁlls the two portio;ns
of the stapler into exact alignment as the pin enters the hole. The middle
staple of the array is designated 141, and its pusher is indicated by the

numeral 144. Numeral 145 designates the pawl and numeral 146 the leaf

) spring the function of which is to lock the location/retention pin in place

during the firing of the staples. In Fig. 20B, the numeral 147 designates the
pivot of the latching pawl and a cutout in the pusher for the cam is shown at

148.

The cartﬁdge has a sheet metal housing that encases it on the three gides
and holds the cartridge together and keeps all the activation cams in place.
The housing is shown in a side view in Fig. 23A and in a top. view in Fig.
23B. It has two angled portions 149 that lock into one set of windows on the
cartridge housing, to prevent the cartridge from moving proximally while
the cams ﬁie an array of staples, and which are then used for accuréte

location to the next position when indexing distally.

The activation cam subassembly, shown generally in top view at 150 in Fig.

21, consists of three angular cams 151 that activate the staple pushers 144
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‘ (Fig. 20B) that fire the staples 141 in Fig. 224, F1g 22A is a side ‘view' that

shows the relationship between these elements. The three cams 161 are
welded or otherwise retained to a A Cr085 membét 152. The outside two of
those cams also have tails that are formed shghtly to ratchet into posﬂ;lon in

the cartndge for indexing into the next posmon

Two other components 163, in Fig. 21, exist on the extreme outside. These

' are devices the function of which is to release the locking pawls and thus

free the alignment/retention pins after firing of the array of staples. They
are not welded to the cam assembly due to space constraints and because a

dwell is required prior to initial movement. They are activated by the cross

- member 152 that is part of the cam assembly. -

While in the above description of the preferred embodiment of the invention,
a staple cartridge containing three pairs of windows for indexing and three
cams for firing three arrays of five staples each is déscribed, it should be

clear that other arrangements can be provided containing different numbers

of arrays and different numbers of staples per -array, depending on the

requirements of the procedure that is to be perforxﬁed. .

It should also be clear to the man of the art that the positions of the stapler

deployment system and the anvil can be interchanged, and that the

- elements of the stapler can be located at different positions along the long

axis of the endoscope. For example, one part of the stapler system can be
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located proximally from the connection between the articulation and flexible

- sections within the flexible shaft'of the endoscope. It is even possible, in
" certain cases, to reduce the radius of curvature of the device by placing the »

- staple cartridge on one of the links of the articulation section, for exaniple, if

only one array of staples is to be fired.

The main features of the arnculatmg section of the endoscope accordmg to
one preferred embodm:ent of the invention are shown in Fig. 24A and Fig.
24B. A typlcal Iink of the articulation section.,is genera.].ly shown as 161.in
Fig. 24A. Each link is fabricated with a pair of circular lugs 162 with outer
surfaces flush with the outer surface of the link at one end and a second pair

of lugs 163 that are recessed by the thickness of ligs 162 at the second end.

~ Each of said lugs is piexced by a hole 164. Four holes 165 are drilled in the

" link walls for the cables that are needed for articulation A hollow.region ‘

166 through the center of each link allows the passage of’ optlcal

dlummatlon suctlon ete. channels to the distal t1p of the endoscope

Fig. 24B shows the connection between two of the links of Fig, 24A. The pazr
of lugs 162 of the first link is slipped over the recessed lugs 163 of the
second link. A swivel pin 167 is inserted through holes 164 in the lugs and-
retaining clips 168 may be added to complete the assembly. In another
particﬁlar préferred embodiment of the device .shown in Fig, 24B, retaining

clips 168 are not provided.
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Design parameters such as t}-zev length of the links, clearance (maximum
bending angle) between links, and radius and maximum angle of curvature

of the entire section determine the number of links that are joined together

) to form the articulation section. The outsidé ends of the first and last links

‘are designed to interface with the rest of the endoscope and its distal tip,

' respectively.

The swivel pins contain cross-holes for the cables which must pass through

them. These cross-holes and cables are not shown in Figs. 24A and 24B. :

In the preferred e;nbodiment of the invention, the articulation section \lmes
one pair of cables (or a sin;gle cable wrapped around a.wheel located at the
proximal end of the endoscope) for actuating the articulation. One cable
passes throﬁgh the hole in the link wall on the inside of the bending arc,

and bends the endoscope into the bent position. The second cable is located

‘opposite the first one, and unbends the section. The actuation mechanism is

well known to persons skilled in the art, and need not be described here.

Iz.;z another embodiment of the invention, a four-way articulation system is
émployed. In a four-way system the tip of the endoscope can be moved in
two mutually perpendicular planes. This gives mo-re degrees of freedom of
movement, but complicates the alignment 'procedﬁre and necessitates the

use of one of the alignment systems to be described below. Four-way
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systems are well knbwn in the art and theréfo_ré will not be described here

for the sake of Brevity.

The detailed description of the way in which fhe’ stapler system functions
will be given below with the schematic description of a typical surgical
operation that can be performed using the device of the invention, ie.the

fundoplication operation designed for the treatment of GERD.

Positioning markings 64 may be located on the device (as indicated in-Fig.

5), at the extremity outside the patient, to provide information on the

location of the device that has been introduced into the patient.

Endoscopic ﬁéion means can also .be providéd. Figs. 17A and 17B
schemati.callj'z show the distal tip of the endoscopic device, Regions 114 are
the illumination channels, 113 is the image chanmnel, and 112 is the
irrigation/suction/ultrasound channel. Placement of imaging means at the
distal tip assists_in guiding the device to the desired position in the body
lumen and allows imaging of the area during the performance of the
surgical procedure. A second optical image can be provided. This image will
be a view through a clear portion of the stapler and will show the staples as
they are passed through thé tissue and bent closed. These optical sygteins
of conventional endoscopic apparatus can be employed, The endoscope may
contain two or more separate optical channels that produce two or more

distinct views. Preferred endoscopic optical systems according to an
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embodiment of the invention, will be described hereinafter. Howeﬁ'er, many
different optical systems may be provided by persb_ns gkilled in the art, and

used together with the apparatus of the invention,

In the preferred embodiment of the inven;‘,ion described above, the

alignment of the two separated parts of. the 'stapler is accomplished by

* gtrictly meéhﬁnical means made possible by‘the use of a fixed radius of o

curvafure and precise design and manufacture of the ‘stapler and

articulation section of the endoscope. In some alternative embodiments of

the invention, however, it may be necessary to provide a.n aligning assembly

of the kind described above.

In other ﬁreferred embodiments of the invention that use four-way
endoscopes, one of such mean.s must be used to align the two sections of the
stapler. The surgeon is able to verify the positioning, the proper distention
of the fundus towards the esophagus, and the results of the stapling, rby

using the visual means provided at the distal tip of the endoscope. If the

endoécope is furnished With an optical system aécording to the preferred

embodiment of the invention described below, a second independent optical

~ path is provided. Thus the surgeon can view the site from the side of the

staple firing portion before and after the firing has been accomplished.
Further as the two parts of the stapler are pressed together, the tissue is
pressed between them and it is possible to see through the tissue allowing

visual confirmation of proper positioning and alignment of the device.
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F‘mal alignment is accomphshed by deploymg the locking pins that are

g located in the anvil portion of the stapler. The method of accomplishing the

deployment of the location/latching pins, in a preferred embodiment of the

invention,. was described with reference to Figs. 184, 18B,and 20B.

The techniques used to activate the plungers in the anvil section and also
the firing plunger in the staple cartridge holder are woll known to the man-
of the art and therefore will not be discussed here for the sake of brevity. As

the pins advance into the holes in the staple holder, they are engaged and

locked by the pawls (145 in Fig. 20B). The cable that advances the pins is

now relaxed and the other cable is then activated to confirm the lbéking by

the pawls, clamp the tissue, and provide the désired tissue gap.

Fig. 26A illustrates the situation at this stage of the surgical operation. The

_locking pins (éollectively indicated at 170), that were stored in the anvil

assembly €1A, have been deployed through the tissue of the fundus and
esophagus walls, and have been locked into the sockets in the stapler

cartridge 61. The locking pins not only assure proper alignment, but also

‘maintain the desired tissue gap during the stapling. The locking pins (or :

similar or equivalent locking means) are the reason that the stapler of this
invention can function with a totally flexible connection between its two
sections 'as opposed to the rigid or semi-rigid connection between the anvil

and staple container/sjector parts of the staplers of the prior art,
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To fire an array of sfaples, a cable attached to the firing plungef (182 m Fig.
19A and Fig. 19B) is Vthen pqued proximally. This pulls back the cross ,

member (152 in Figs. 21 and 22A to 22D) with the attached cams, The

' process of ﬁring the staples can be understoﬁd from Figs. 22A to 22D. As vthe

cam (151) moves proximally, its angled surface exgages the angled surface
of the staple pusher (144) forcing the pusher to move sidewards towards the

wall of the cartridge and forcing the staple (1471) out of the side of the

cartridge through the tissue of the walls of the.e?sophagus and stomach. The

- legs of the staple engage the depressions on the face of the anvil and start

to curl. Figs. 22A through 22D show various stagés in the firing of one array

-of staples. After all staples of the array aré:ﬁred',:.the r_eiease cams (153 in - .

“Fig. 21) exert force on the proximal end of the pawls to release the latching

of the pins. The distal cable that activated clamping is pulled to withdraw

the pins into the anvil and this phase of the surgical operation is completed.

i

Fig. 26B shows the situation after the stapling has been effected. Staples,
(collectively indicated at 171), have engaged between‘the fundus and the

esophagus, at the specific location on which it was .operated.

The tiny holes in the tissue, that result from the action of the
alignment/locking pins, are similar to holes’ produced by hypodermic
needles, and seal themselves. The holes can be protected by the staple above

and below it. In a preferred embodiment, a conﬁg{xration congisting of three
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 rows of staples with the pinholes aligned with the middle row (suéh as that

illustrated in Fig. 18C) is chosen to achieve this end.

Fig. 25A shows a staple before firing. Fig. 25B shows the configuration of

the staple after the legs are curled in the anvil.

After inspecting the staples the surgeon now releases the articulation
section as needed and removes -all clamping of tissue inside the stomach.
The device is now rotated to the next location and the articulation/aligning

procedure is repeated.

. The outer two of the three firing cams have spi'ing biased tails that allow o

the cams to move in one direction only. The firing blunger is now pushed

distally and since the cams cannot move in that direction, this causes the
whole cartridge to index forward to position the second array opposite the
anvil. As the cartridge moves distally, the angled portions on the housing

slide out of the first set of windows on the side of {:he cartridge. Indexing is

" completed when said portions snap into the second set of windows.

The process of final alignment, deploying and locking the location/locking
pins, and firing the second array of staples is repeated. The whole process as
described above is repeated a third time to complete the partial

fundoplication (although the number of firings ‘'may vary, according to

. medical considerations).
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‘In a preférred embodiment of the inventibn,' the alignment/lockj_ﬁg -pins

and/or thé locking pawls are made of a suit'able material such as stainless.
steel as a safety measure. This materigl is strong énough to allow the parts
to function as described in normal operation, but the pin tips can be broken
by the force exerted by unbendiﬁg tile arficulating section in the evént that

the release cams fail to unlock the pins.

After many repeated operations of the endoscope, it is possible that wear of
the parts, eépecially in the articulation section, will lead to difficulty in
properly aligning the anvil on the distal tip with the stapler cartridge in the

endoscope shaft. This difficulty can be overcome by displacing said portion

" of the stapling assembly along the axis of the endoscapic device by various

means. According to a preferred embodiment of the invention this is

.achieved by the action of a flexible threaded cable coupled with a female

thread located in said portion of the stapling assémbly. In one preferred
embodiment of the inventioﬁ the flexible threaded cable is located within
the endoscopic device, and is in contact with the femals thread through a
slit provided in the wall of the. body of the endoscopic device. In another
alternative pz:éferred embodiment of the invention the ﬂexilsle threaded
cable is embe‘dded in the external wall of the endoscopic device, and is i;n
direct contact with the femalé thread of the portion of the staph'ﬁg

assembly.
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In one preferred form of the invention the flexible threaded cable is rotated

using a micrometric assembly, thereby to displace the portion of the

stapling assembly positioned within the esophagus by a controlled distance.

Multiple Views

. Each of the multiple views of the invention is formed by an objective lens.

Figure 27 shows the configuration of a typical endoscope objective (180) and
ﬂlustrates some of it properties. The angle between the mechanical axis of
the distal tip of the endoscope and the optical axis as it enters the endoscope
objective (o) is the “angle of view”. This angle of view refers only to the
relationship between the optical and mechanical axes at the distal tip and
does mot take intq account the variable dife;:ﬁon of view provided by -
articulating (figure 6A) the distal tip of the endoscope. Typical values for
angle of view may range between 0 and 120 degrees. Non-zero angles of
view are usué.lly achieved by the use of prisrhs or mirrors in the objective
optics. The field of view (B) of the endoscope objective describes the angular

extent in object space that the lens can image. Field of view can be very

_narrow, approaching zero degrees, or may range up to 180 degrees. For

example, a telescope will have a very small ﬁeld of _view with high
magnification, while wide angle lenses (also know as “fish-eye” lenses due to
the curved appearance of the image)/ have large fields of view with low
magnification. The larger the field of view, the smaller the defaﬂs will
appear in the image. The image (181) of the object (182) can be located at

or behind the last surface of the objective lens.
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Locking at Fig. 28A through F1g 28_E,. the ‘u‘nage‘ (190) formed by the
objective leﬁs (191) must be transmitted tb a detector for viewing at fhe
proximal end of the endoscope. An ocular (192) may be employed for direct
viewing by the human eye (193), or the image may be forméd on an

opto-electronic sensor (197) (such as a CCD ' or CMOS sens‘or) that

transforms the optical image into electronic signals. The electronic signals '

are then sent to a display, such as a video monitor; flat panel djsplay,'
head-mounted display, or liquid crystal display, where t;he- image can be
viewed by one or more people. Figures 28A-E show several configurations
for each individual viewing channel of the present invention. Fig. 28A
shows an objective lens (191) coupled to an ocular (192) l;y a rela} optical
system (194). A reiay is an optical sﬁbsystex_n of the endoscope that
transmits an image from the objective image plane to another location.

Since an endoscope is usually much longer than the distance from the first

 surface of the objective to the objective image plane, relays are used to bring

the image up to the proximal end of the endoscope; where it can be accessed

by the viewing optics. Relays may consist of lenses or other optical imaging

< elements, or alternately a coherent (ordered) fiber optic image guide may be

employed to transmit the image. Fiber optic image guides are usué.]ly used
for flexible or semi-flexible 9ndoscopes, while ﬁgid endoscopes typically
include a relay made up of a series of glass rods and lenses. Fig. 28B shows
an objective lens (191) and relay (194) used in conjunction with an image

sensor (197) connected optically via a coupling lens (198). The coupling lens
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images the relay’s proximal image plane onto the surface of the‘ sensor,
where it is converted to an electronic s1gna1 and sent to the d1sp1ay for
viewing. Flg 28C shows an option in whlch an endoscope objective lens
configured as shown in Fig. 27 is coupled to an image sensor (197) by a

couplihg lens (198) that clips or attaches onto the ocula-r (196) mount. Fig.

. 28D shows a configuration where the relay system i8 not used, and the

image (190) is coupled directly from the obJectlve 1ma.ge plane to the sensor i
surface (197) by a coupling lens (198). Fig. 28K is a similar option wherein
the sensor surface méy be placed directly in the objective image plane. This
type of en&oscope is sometimes referred to as a “cﬁipﬂn-a-sticlf’, and the‘
sensor is imbedded in the distal end of the shaft instead éf being located

externally or at the proximal end.

If an image sensor is utilized, there are many qptions for displaying the
multiple views provided by the invention. Single or multiple displays may
be used, witil single or multiple views on each display. Optiqns include, but
are not limited to those showni in Figs. 29A-29C. In each scenario, the
display may also convey other information such as status of buﬂtm surgical
tools, status of the articulation, or readouts from vital signs monitors for

example. Fig. 29A illustrates having multiple views 200 and 201 arranged

" on a single display. The views may take on any shape and do not need to be

of equal size. Fig. 29B shows multiple views 200 or 201 that are accessed on

a single display by toggling between the views as needed. In another

preferrad embodiment of the present invention, a multiplicity of displays
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may provide visualvaccess to a multiplicity of views. Each display  may
contain one or more views that can be accessed simultaneously, singly, or by
toggling between views. One or more of thé ‘displéys may also show status
indicators or othér information. As shown in Fig, 29C, one display is
sliowing view 200 individually, & second display is toggling between views
201 and 205, and the third is presenting views 202, 208, and 204

simultaneously with status indicators 206,

Figs. 30A-30C show diﬁ'ereﬁt ocular types for monocular, binoctilar,_ and
stereoscopic viewing. It is important to note that Qhﬂe stereolscopic vievﬁng
may -be provided for one or more of the multiple views, the optics used to'
provide a stereoscopic view do not present “multiple views” as defined with
reference to the present invention. Key diﬁ'érences are that stereoscopic
dptical channéls provide slightly offset images of thé same object area; wh_il-e.
in the present invention the optical channels that provide multiple viewé
have substantial linear or angular offsets, or both, and do not provide
images of the same object area. Fig. 30A illustr-ahes the schematic for

monocular viewing, which is typical of most endoscopes that include an

. odular. One ocular 210 provides access to the iniage for a single eye 211,

which can be either the left or the right eye. Biocular optics use splitting
optics 212 to provide the same exact image to botjn eyes via two oculars, one
for each eye as shown in Fig. 30B. Here th;a addition of the letters “IL” and
“R” designate left and right for both the oculars 210 and the eyes 211. The

stereoscopic ocular arrangement shown in Figure 30C provides a slightly
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offset view of the image to each eye (211L and 211R) via two oculars (210L

and 210R) that are offset. This simulates norimal human vision where each

. eye captures a slightly offset view and allows for some depth perception.

According to a preferred embodiment of the present invention, each of the
multiple views is formed by a unique objective lens (or pair of objecti_vé
lenses for stereoscopic viewing). This means that at the distal end, there

will be one optical channel per view (or two for stereoscopic viewing), These

" separate optical channels may continue through the entire endoscope as

shown in Fig. 81A. This figure shows an endoscope having two views. Each

" view is carried to a separate image sensar 220 by its own unique optical

channel. Since there are two ﬁews, there a';e two objectives 2283, twp Irelays
221, two coupling lenses 222, and two sensors 220. In Fig. 31].3' an
alternative is shown where the endoscope has two views, that have unique
objectives 223 and relay optical channels 221, and a single coupling lens 222
and image sensor 220 captures both views. The coupling lens and sensor
may image the views together, or one at a time by switching between them
actively or paésively. A third alternative, shown in Figure 31C, has two
unigue objeétives 2238 that capture two vie-ws, with a single relay systém
221, coupling lens 222, and sensor 220 providing access to the views. As.in
the system shown in Fig. 31B, the access may be simultaneous or one at a
time. Fig. 31D illustrates an endoscope having two views, one. of which
provides stereoscopic imaging. The upper (non-sterec) view is carried by a

single optical channel. The lower (stereo) view contdins a set of two optical
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channels that are sﬁghtly offset at th; distal end. -The two optical channels
present images of the object that originate from alightly different locations.
This simulates normal human vision in v‘vhic.h each éye views a scene from
its own unique location and the brain integiat'es the differences in the

image on each eye to formulate depth cues.

According to another preferred embodiment of the present invention, the

endoscope provides illumination to the views via single or multiple
illumination channels. Tig. 32 shows one such configuration where an
endoscope with two views (as illustrated in Fig. 31A) has a separate
ﬂlumi.natiox_'n channel for each view. Light from an external source 230 is
transmitted to.the endoscope via liquid-filled or fiberoptic ca_ble 231.
Coupling optics 232 at the interface insure that the light is efﬁ;:iently
coupled into the internal illumination fibers 233. The illumination ﬁbe;s
are split into two channels 234 and 285 internally within the endoscope to

provide light to each view individually.

An illustrative preferred embodiment of the invention may consist of the
following elements:

- Multiple optical channels;

- An optical chmel at tﬁe distal tip to Visualizé insertion and‘stapling
from the distal end (which also contains the stapler anvil);

- A second optical channel located at thé stapling. backstop on the endoscope

side wall to visualize staple penetration inside the esophagus from the
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“stapler side”;

- A stapler module located intermediately along the endoscope shaft that
may contain cbmponents of the optic system. This 4modu1e is preferably
disposable, but may be resposable or reusable; ’

- A stapler anvil module at the distal tip that may cqntain components of

the optic system.' This _module is preferably disposable, but may be

. resposable or.reusable;

- A robust, one-way articulating section e.g. capable of up to about 270°

articulation to distend the fundus of the stomach and position the stapler;

-and

- A single display showing both views simultaneously, with optional status

indicators for the endoscope articulation, stapling operation, or both.

In order to see both sides of the staple as it is placed, and to assure proper

joining of both fundus and esophageal tissues, a preferred embodiment of

the invention employs the use of two optic channels (Fig. 33A). In this
embodiment, an objective lens 240 captures the image from the tip of the
scope (the “distgl view”). A flexible fiberoptic image guide 241 carries the
image about 12cm proximally where, it is focused by a coupling lens 242 onto
a CCD sensor 243. This view fills the main part of the video monitor (251 in
Fig. 84), and is always displayed, since it is used during insertion,
distention, and stapling. A “stapler view” (252.in Fig. 34) is simultgneougly
projected onto one corner of the CCD and thus appears in one corner of the

monitor. This is a view from the endoscope shaft, looking sideways from the
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vicinity-of the stapler which is located at position 244 in Fig.v 33A. The o
optical path of this image startsiwith an object perpendicuiar to thé axis of
the endoscope. The optical path travels through the stapler backs.tOp‘245
and clear portions of the stapler module ab& with the aid of right angle
prism 246 and objective lens 247 an image is produced on the COD 243.
This view ﬁaay only be activated during the stapling process. After stapling,
the distal view shows the closed staple(s) from the stomach side, and the

stapler view shows the staple(s) from the esophageal side. These multiple

_ views provide confidence that each staple is properly placed before

repositioning the instrument for the next shot. -

The display may have the oj)tion of switching the second view off when it is.

not needed by controlling illumination to each view., The first view will

typically be active continuously but also may be switched off.

Fig. 33Bis'a cross-sectional view of the optical system of Fig. 33A showing
how the various optical elements are arranged within the sheath of the

endoscope.

The "display may incorporate status indicators relating to the various

'fu.nctions of the endoscope. For example in Fig. 34, 253 shows the status of

the articulation of the distal end, 254 shows the rotation of the endoscope

around the long axis, and 255 shows the stapler status.
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Ulirasound Positioning Assembly
The havigatiéﬁ and the positioning of the distal i;ib in front of the ;:artridgé
requires two types of information:
1.Distance measurement (8-dmm between tﬂe distal tip and the
cartridge). | »
2. Alignn‘1ent (defined here as the positién a#d orientation of i;he

object in some coordinate frame, i.e., three translations and three rotations;

the desired tolerance is 0.5mm).

Distance measurements are carried out most simply by various methods

that are based on measurement the time of flight. These methods assume

- that the mean average velocity of an ultrasomid wave propagating in a

tissue has a constant value, for example 1500m/s. By making this
assumption, it is possible to.estimate the distance by measuring the time of
flight, There are basically two approaches that are uwsed and they will be
described with respect to the. .preferred embodiment of tﬂe endoscope

described above.

In the first preferred embodiment of the invention-gmploying a time of flight
method, a single transducer is used for transmitting the ultrasound gignal
and receiving the echo that returns from a réﬂector. The distance is then
calculated by measuring the time of g ropnd trip, ie. the time of a pulse -
that is emitted by the transducer (mounted, fo; example, on tﬁé ca.rtridgej,

penetrates the tigsue, is reflected back by the énvﬂ, passes through the’
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- tissue again, and is received by the transducer. In this case the distance

between the transducer' and the reflector, d, is found from

‘Where, v. is the sound velocity (Approximately 1600m/s) and the deviation
by 2 denotes the fact that the pulse actually propagates twice the measured
distance. In order to accomplish high resqutions, this method requires

using very short pulses at high frequencies.

Another preferred embodiment of the invention, employing a time of flight

i metﬁod, makes use of two transducers. One is mounted on the distal tip and

the other on the stapler cartridge. In this case the distance.is calculated

from,
d=v, xt

The time of flight is measured by several different methods. The first and

simplest preferred embodiment of the invention is based on energy

detection. According to this method a clock s started simultaneously with

the start of transmission and stopped when the energy input from the

returning signal rises above a predefined thresholci.
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In another preferred embodiment of the invention, the time of flight is

* measured by transmitting a pulse and sampling the received signal in order

to carry out a cross-correlation with a reference signal that is stored inside

the computer memory. The cross-correlation method is more accurate than

directly measuring the time of flight by the use of the threshold method.
This is because the cross-correlation method compares the shapés of the
receivéd signal and is independent of the amplitude of the signals. The
.amplitude is constantly varying as a result of distortions caused by_the
electrical s;ystem and the medium through which the signal i_e propégated.
f‘urther, the .cross-correlation method is based on integration of ‘the signal,
thus high-speed noise is filtered out ’and gooﬁ'rqsults can be obtained even

when the return signal is very weak.

The accuracy of the measurements in the second method can be improved by
transmitting a random sequ.enoe of pulses, instead of a single pulse, and
performing a correlation between the received sequence and a stored
reference sequence. By moaulaﬁng the random sequence with a digital

modulation such as the well-known pulse shifted keyed (PSK) modulation,

- the reliability can be even further improved. Modulating a random sequence

of pulses will help in detecting a weak signal that is immersed ‘in noise.
Further this type of correlation will reduce the measurement uncertainties

that result from multipath and depth echoes.
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In both methods, the velocity that is used is_s only an approximation and the

resolution of the measirement is determined by the properties of the

_ counter or the sampling rate clock that is employed.

The above methods of the time of flight measurements present somse

" practical drawbacks. On the one hand, usihg»only one tré‘nsducer lizﬁits the

minimal possible meésun’né distance to the length of the transmitted pulse;
-therefore, it is necessary to use very short pulses, which results in reduced
accuracy. Also, the 'use of high frequencies will_cguse large attenuation of
the propagating sigﬁal. On the other hand, use of--the system that relies on

two-transducers requires more space and increases the cost of the system,

As explained above, one of the most preferred types of positioning
assemblies is based on ultrasound waves. This is because of the relative
simplicity of use of ultrasound transducers, which are “used in several
medical uses, and the safety of use that can be attained under appropriate
conditions. It should be appreciated that the desired precision of the
positioning of the mechanical elements described above is not less than 0.5
mm, to ensure that the stapler and its anvil are correctly positioned in a
facing position, and this precision is within the scope of ultrasound

equipment.

A preferred embodiment of the invention, comprising an ultrasound

positioning assembly, will now be described for the purpose of illustration.
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Re‘ference is made to PFig. 5, in which the :fwo_ parts of the positidniﬁé
assembly are indicated as numerals 62 and '62A. For the sake of this |
description we shall assume that the transmitter is slement 624, and' the
receiver is element 62. The transmitter transmits at any physidlogically
acceptable frequency. An illustrative example of suitable frequencies are -
those in the range 3 - 20 MHz. The beam of ultrasound eneréy should be
focused. This can be dong by adding an ultrasonic lens, or by usiné a bhase

array.

The receiver 62 is positioned on the other side of the tissue, as shown in Fig.
7. This receiver consists of a directional transducer, or an array of
transducers, or a combination of both. The signal received at receiver 62

from transmitter 62A is analyzed, and its valué is determined, as is also the

“distance between elements 61A and 61. A typical distance before stapling

takes place is 0.5 - 1.5 cm. When scanning with transmitter 62A the spéce
in front of receiver 62, a maximal signal is received when the two elemehts
are at the maximal alignment position. When the maximum is attained,
this signifies also that the stapler and its anvil are _a]igned, and‘staplihg
may take place. It should be noted that the anvil (or the stapler, depending
on which of the two elements has been positioned on fixed portion "f" of Fig,
5) has been previously positioned so as to be at the correct location with
respect to the tissue to be stapled. Thu.s, at this point the anvil, the stapler
and the tissue between them are all correctly poéitioned. It should further

be noted that the distance between the stapler and the anvil is also known, ‘
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by measuring the time needed for the pulse to travel from one portion of the

positioning agsembly to the other.

The ultrasound assembly may be built in two alternative forms:

1. - An assembly in which the antenna is common to both transmittér
and receiver; and |

2. An assembly in which each of the receiver and the transmitter has

its own antenna (hydrophone for receiver and projector for transmitter).

Both assemblies are the same for the purposés of the invention, but each'v
ﬁrese'nts different technological advantages that; will be discusséd briefly
below. In the secor;d case lower energy of traﬁsmission is required, as
compared V.Nitifl the first case. In the ﬁrst. case, on the other hand, an
ultrasonic reflecting material, such as an ulirasonic mirror, -can be
positioned on the receiving side of the positioninga.ssembly, 80 as to permit

to reduce the energy of transmission.

The attenuation of the ultrasonic wave is directly dependent upon the
ﬁ'equency. An ulirasonic wave ;}assing through a living tissue decays'
approximately according ta the ration 1dB cm-! I\I/IHz'1 ["Phg'/sical Principles
of Medical Ultrasonics”, Editor, C.R. Hill, Bllis Horwood Series in Applied

Physics, John Wiley & Sons, NY 1986; G. S. Kino, Acoustic waves: devices,

imaging ond analog signal processing, Prentice-Hall Inc, New Jersey,

1987]. Taking into account the above, it is seen that when operating at a
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frequency above 10 MHz and distances above 50 mm, as may be fouhd when

operating according to the invention, a decay of 60 - 200 dB is expected.

Measurement of Distance
The following will illustrate a method for measuring the distance between
the two elements 62 and 62A of the positioning a.ésembly, according to the

two above-mentioned preferred embodiments of the invention.

a. Using a separate transmitter and a receiver. When a separate

transmitter and a receiver are used, the following two methods will

exemplify the measurement of distance:

Counter Methoci

According to this method when transmission of'thé ultrasound puise‘begjns
a counter is actuated, which stops its 6ounting when fhe signal is receive‘d
in the recei\(er. . While, theoretically, any resolution of the time
measurement is possible, very high resolutions require unnecessarily
expensive and complicated equipment. For instance, in order to obtain an

accuracy of distance measurement of- 'lp, if the wave travels in the tissue

with a mean speed of 1540 m/s, the frequency of the counter clock should be:

Tee = 1Melanie/1540 m/s = 1/6.5x100 s = 1.5 GHz
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However, much lower resolutions can be employed, of the order of 10-100p,

with a counter frequency of 15-150 MHz.

Corrélation Method

The travel fime of the wave can also be meﬁsu.red by sampling the signal
received and correlating it to the transmitte'd signal. On the basis bo'f this
calculation it is possible (at the sampling resolution) to measure when the
pulse ieachsd the receiver. This is & more pre_cise method, as compared with

the counter method, and is therefore preferred for most devices.

b. Using a Transmitter-Receiver. In this case a pulse is transmiti_;ed A
from the transmitter-receiver positioned on either side of the device: For
this example we will assume that the transmitter-receiver is positioned on
the stomach side (portion "b;’ of Fig. 5), and at fhe other side (part "f" of Fig.
5) an "ultrasonic mirror" plays the role of portion 62 of the positioning
assembly. At the same time the puls‘e is transmit‘_bed a counter is actuated,
which is stopped when the reflected signal is received back by the
transmitier-receiver. The distance is calculated as the time measured by the
counter, divided by 2 and multiplied by the speed of travel of the wave in

the tissixe.
This mode has the disadvéntage that since the same hardware is used for

transmitting and receiving, as long as the transmission of the pulse is not
. Id

completed no receiving is possible. Accordingly, all reflections reaching the
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-receiver during transmission are not used. Thus, the minimal measurable

distance is determined by half the transmiséion time.

Fig. 85 is a block diagram of an ultrasonic poéitioning assembly, gccoi-d.ing
to a preferred embodiment of the invention.-_ Existing ultrasound equipment
operafes either in the so-called "C-MODE" (C-scaﬁ), or "A-MODE" (A-scan)
(see "Acoustic Waves", Gordon S. Kino, Prentice-Hall, 1987). In the example
of Fig. 35 a C-MODE ultrasound is illustrated, although the same prmcnples

can be apph’ed, mutatis mutandis, to A-MODE.

A transmitter transducer (or array of them) 260, and a receiver trangducer
{or an array of them) 261, are separated by tissue 268, congisting of three
separate layers: the boundary 264 of the esophagus, the boundary 265 of the

fundus, and the fat tissue 266 between them. The timing and control system

. 267 generates pulses of a frequency of, e.g., 10MHz, with a pulse repetition

frequency (PRI").of 100Hz and a pulse width of 8 psec. The pulses are
amplified by the amplifier 268 and reach the transducer 260, where the
electrical signal is transformed into an ulérasonic wave. The average size of

a suitable uitrasonic transducer is 2-10 mm. Directional transducers are

preferred.

The ultrasonic wave passes through tissue 263 and reaches the receiver

261,.that translates it into an electric signal which is amplified in amplifier
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269, The amplified signal is fed to a signal analysis circuit 270 that

performs the following functions:

a. It determines whether the transducers are aligned transversally.
This can be achieved by scanning trmersaﬂy, either manually or
automatically, using a servo motor, and determining .the maxirﬁum in the
signal, or in an array by using ﬁhase difference.

b It measures the distance between the two transducers, as

previously described, or in any other suitable manner.

The operation of the various elements of Fig. 35 is well known to the skilled

person, and is therefore not described herein in detail, for the sake of

brevity.

Another method for measuring the required distances is emp}oyed _fo
overcome some of the above-mentioned‘difﬁculties of tile time of flight
measurements. In this preferred embodiment of the invention, the spatial
phase ‘difference between rthe transmitted and the received wave is
measured. Fig. 36 illustrates the method. If the measured. phase angle is ¢
and the wave length of the ultrasound signal is A, and the distance between
the transmitting transducer (numeral 281) and the receiver (numeral ‘280)

is d; then:

)
360
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As can be seen from Fig. 86, A(d) = Ag sin(®), where A(d).is the measured

signal and Ao is a known value determined from a. previous calibration

measurement. Thus @ can be calculated from the arcsine functiori and the

distance is therefore determiz_xed from

A arcsin[i@zJ
d= B9

- 360

N

Sinbe the arcsine function leads to two possible solutions for the distance, it
is necessary to make at least two measurements from two adjacent spatial
points in crder to determine the direction of the slope and therefore the

correct solution of the equation.

This method is restricted to low frequencies only, because the measuring

 distance is limited to only one wavelength (ambiguity will occur when the

distance is greater than a single wavelength). In order to measure dlstance

‘of 4-20mm, for example, dictates working at frequencies in the range of

75-375kHz.

The advantages of this method are that the precision is rather high in
comparison with the time of flight method ‘(since it is possible to
extrapolate the distance from any measurement) and using low frequencies

decreases the attenuation of the propagating signal. However, this method
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 also assumes that all the tissue in the propagating path is the same. In

addition, it is hecessary to use at least two transducers; therefore the cost

and space requirements are increased.

In another preferred embodiment of the invention, the time of flight and

. spatial phase difference methods are both used by commencing

measurement from a relatively far distance by using the former method,

and then when the distance is equal to or Jess than one wavelength, to begin
measuring the phase difference. In order to use this approach for the
purposes of the present invention, it is necessary to use an efficient

transducer with a short diameter, such as 1-2mm, that is capable of

- .supporting two different frequencies, e.g., 150kHz and 2Mhz.

(s

20

The complexity of manufacturing a transducer with two different
frequencies that are very far one from the other is overcome by measuring
the acoustical transmission at two wavelengths, as follows: The received

signal, 81, derived from the acoustic signal of the transducer aperture is

" given by:

S;=Ry-A-Iy =Ry ATy -e™%

where, index 1 refers to wax}elength 1, R is the transducer responsivity, A is
area of the “illuminated” aperture that is seen by the transducer aperture, I;

is the acoustic intensity that has traversed the medium, Ip is the intensity
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that is radiated by the transmitting transducer, a is the absorption

parameter, and Z is the distance that the beam travels through the
absorbing medium. The second wavelength yields a similar equation, with
index 2 replacing the index 1. The distance % can be extracted from the

quotiént Si/S;

In the last éxpression, th;e term (Iol/Ioz). is unknown, but could be recovered
from a calibration measuremént. The calibration measurement is .a répﬁca
of the actual measurement; however the meéium Bet\‘;veen the apertures has
known absorption e.g., water. Denoting the signals from the absorption-free
medium by Sy’ and S¢’

SR Iy
Sy' Ry I

hence,
z=—1 oS /S
a;—ag Sz’ Sz

As opposed to the phase measurement method, it is necessary to use only

one transducer for both transmitting and receiving. In addition, although it

is necessary to use a dual frequency transducer in both methods, in the last
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method described above, the difference between frequencies used does not
have to be as great as in the phase measuremeni;, making it easief and less

costly to produce the transducer.

As in the case of the distance measuren:iénts, ‘several methods can 'ibe
proposed to enable the alignment of the éﬁdoscope. The simplest
embodiment of the invention uses imaging by phase a;rray to acéomplish the
distance measurel'nents and alignment. Mény small transducers comprise
the ‘array that is used for imaging as in the prior art. A conventional
catheter transducer can be mounted on the distal tip and used to image the
cartridge to carry out the alignment and distance.measurements. Although
this method is in principle based on existing techniqugs and easy to
implémént, the size of the transducer and accompa._nying electrical wires, as
ﬁvéll as the cost, prevent this from being an embodiment of the invention

that is preferred for most applications.

In anpther preferred embodiment of the invention, use is'made of intensity
measurements. This method is shown in Fig. 37 and requires the use of at
least three transducers (designated by numeral 290) on the distal tip 291

and three (numeral 292) on the cé(rtridge 293. To reach alignment; it is

- mecessary to position all the three transducers on the distal tip ir front of

the three transducers on the cartridge. At first the distal tip is located
somewhere in front of the anvil. The distal tip scans a spatial angle of 180°

or lles,s and the angle where the maximum amplitude was measured is
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stored. The distal tip is displaced according to the .stored angle and the
scanning recommences. This. procedure is repeafed until the maximum
ampiitude is measured, at each receiver when its mating transmitter is

active at 0°.

There are several possible situations that could arise in the zilignment
procedure that must be taken into account when developing the méthoﬂs
that are used to process information on the position of the distal tip in front
of the cartridge and then displace the distal tip in the direction of closer
alignment according to this information. As an example, the distal tip is

located above or below the cartridge, thus transx}erse scanning might not

detect anything, but the up-down scanning will detect a sighal (actually it '

might detect two signals, from the lower and the upper receiving

transducers). Another example is when the upper transducer of the distal )

tip is located in front of (or close to) the two lower transducers of the
cartridge. In this case transverse scanm‘.ng will detect two positions and

up-down scanning might or might not detect any signal,

In order to achieve maximum ‘precision, it is necessary tﬁat the
transmitting beams be as thin as possible, Therse are two wéys of satisfyiﬁg
this requirément. A first embodiment, illustrated in Fig. 87, relies on the
fact that in the Fresnel zone (designated by numeral 294) the beam
(designated by numeral 295) is somewhat collimated-and thm Thus to

maximize precision, the method is employed at distances less than the
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- Fresnel distance = r#A, where r is the radius of the transducer, A=V is the

wavelength of the transmitted beam, f is the natural resonance of the
transducer, and v is the speed of sound in the mediuh.
~The second embodiment is shown in Fig. 38, Here, as in Fig.i 87, the
transducers are desi.gnatéd by numerals 290 and 292, the distal tip by 291,
and the staple cartridge by 298. In this embodiment, the set of transducers
that act as the transmitters, for example those on the distal tip, are focused
transducers.  This results in focused beams (ﬂumeral 296). For bett_er

precision, it is also possible to use focused transducers as receivers,

The desired z;esolution dictatés that in both embodiments, optimal precision
will be obtained at high ﬁ‘equenéies (e.g., 10MHz and above fo;' a lmm
radius transducer). It should be noted that in the Fresnel zome the
transmitted intensities confai'n irvegularities therefore, although the distal
tip is moving towards the anvil there are points whe;é the intensity will
decline instead of increasing. This difficulty must be taken into account in

designing the process referred to above.

Although in principle the above embodiments have the advantage of
simplicity, the scanning procedure can consume a lot of time and also
requires that the endoscope have scanning capabilitiesfor the distal tip. In

addition, the large number of transducers and the electrical wires that
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connect them require a large volume of a véry limited amount of space and

also‘increase the cost of the system.

If the transmitting and receiving transducers are.located s@eﬁcﬂy,
then the system will appear to be aligned even if a rotation of 120° in either
direction takes place. This ‘pdtenﬁial error can be ;;woided by, for éx'ample,'
using an asymmetric arrangement of the fré.nsducers or by causing each

transmitter to generate a uﬁique sequence of pulses.

'Embodiments of the invention, which improve on the above-described

embodiments primarily by reducing the number of transducers required, are
based on the principle of triangulation. The basic configuration employéd
comprises one transmitter and three receivers (or three transmitters and

one receivex). Fig. 39A ghows the array of three receivers (designated by

numeral 292) located on, for example the stapler cartridge. The distance

between every two receivers Ls is known, since it is precisely defined at the
production stage. Every twq receivers and the transmitter create a triangle,
thus alignment is achieveci when the three triangles have equal sides,- as
determined by the' desired distance between cartridgé and tip, The distal tip
is displaced until all the measured distances are equal. The displacement
direction is evaluated from the differences bet'ween the three measured
distances. It is also possible to construct the triaﬁgle asymmetrically such

that for alignment detéction the triangle will have unequal sides.
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Limiting the number of degrees of freedom of the endoscape will reduce the
amount of transducers, e.g., with a two-way ezido_scope, only one transmitter
and two receivers will be used. The situatioﬁ for a two-ﬁﬁy endoscope is
shown in F1g 39B. In Fig. 39B, numeral 292‘designates a transducer used
to i‘eceive the signal h‘aﬁsmitted by the transducer designélted 290. As
explained above, transducer 290 is moved until Lj = Le, at which point the
two parts of the stapler are aligned, and the distance is determined by one

of tine methods described previously.

The embodiments employing the triangulatidn method are improved upon
by using transducers built from an array of elements instead of single ‘
element transducers. In this case multiple triangles are created and the

measurements are therefore more precise.

A.nofher difficulty that arises in using triangulation methods is that the

beam in the Fresnel zone is sometimes very thin thus, it is impossible to
illuminate two adjacent receiving transducers with only one transmitting
transducer and vice versa. To overcome this difficulty a diverging
transducer is used or an- aperture is piaced before the transmitting

transducer causing the beam to be divergent and therefore assuring that

- the signals from the transmitter will reach the receivers. The use of

diverging beams results in weaker signals and reduced alignment accuracy.
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In another preferred embodlment of the mventlon, some of the d1fﬁcnlt1es

encountered in the previously described embod1ments are overcome by a

speclal arrangement of the transducers employed in the tnangulahon.

'measurements The followmg description is g1ven for a two~way endoscope

for the sake of simplicity, but can easily be expanded to a four-way
endoscope by adding another triangulation constructlon The trlangulatmn
construction shown schematically in Fig. 40 comprise's two iransmitters -
290, with a. diéi:ance lbétween them, and one receiver 292. The transmitters
are mounted on the stapler cartridge at such: an angle that the two
transmitting beams meet at a distance “d” from the axis that ié

perpendlcular to the cartridge. The distal t1p scans the cav1ty until it locates

~(by mten31ty measurement) one arbitrary beam. Then the dlstal t1p follows .

this beam by gentle scanning until it reaches the pcmt where the Teceived
amplitudes from the two transmitters are equal. The transmitters transmit
sequentially with a time interval. This method is limited to using thin
beams and thus works in the rénge of a couple of MHz to insure that the
meetihg point will be in the Fresnel zone. Instead of working in the Fresnel
zone it is possible to use focused transducers with focal length of the desired

distance.

The fact that after the Fresnsl zone or after the focal point the beams are

divergent is useful in initially locating one of them from a distance where

the cross section of the beam is larger than it is when close to alignment.

Fig. 41 schematically shows the behavior of the beam 295 transmitted by k
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the transducer 290. Within the Fresnel zone 294, the beam is essentially

collimated; while beyond the zone, the beam diverges.

The following specific example illustrates. possible dimensions ﬁsed» for

_building the triangle construction for the 'abdve-considered endoscope

. containing a stapler;

-The distance between the distal tip containing tﬂe anvil and the stépler
cartridge = d = 4mm.

-The distance between the transmitting tlfansduoers‘ =]=10mm.

-The radius of the transducer = a = Imm.

-Using the requirement that the Fresnel distance = a¥\ for d>>a)
should be longer or equal to d leads to the result that A=0.25mm, i.e.vthe
frequency F=6.16MHz. At 3dB, the half beam angle 6 is determined
from, sind = 0.51-A\/2a, yielding 6=3.65°. The angle is measured with
respect to the perpendicular to the t¥ansdu_ée’r surface, therefore the

total angle 7.32°

It should again be mentioned that, within the Fresnel zone, the- intensity of
the transmitted beam is described by a Bessel function and is therefore not
uniform. This fact must be taken into account when using embodiments of
the invention that are dependent on measurements taken within the

Fresnel zone.
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As discussed‘above, in an altémate embodiment focused transducers with a
4mm focal point are used. In this case it is possible to carry out. the

measurements at higher frequencies.

The major advantage of this embodiment is that it omits the need for
distance measurement, because the distance is o priori known from the

special construction.

A further embodiment of the invention that reduces the complexity of
building the precise triangulation construction and omits the mechanical

scanning employs a phase array. This embodiment comprises a transducer

" mounted on the distal tip and two or more trahsduc;ers mounted on the

cartridge (or vice versa). The transducer on the distal tip is built from an
array of eleﬁxents.(the ones on the cartridge can be built from one element’

or an array of elements). The array produces a beam that can be steered by

"electronic means. The steered beam-sca.ns the cavity until it is received by

one of the transducers. The angle of the steered beam suggests the
displacement direction of the distal tip. The alignment is achieved when the
meagured angles are equal (or can be pre-manufactured with kanown
xion~equal angles) to both transducers. In this embodiment the distance can
be measured by time of flight or triangulation caleulation. Another way of
implement‘ation is imitation of the triangulatioh construction described

above with reference .to Fig. 40. In this case mounting the transducers at an
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angle to the surface of the cartridge is not necessary since the steerable

beam from the array replaces this feature.

An alignment method based on intensity measurements, which is a greatly

simplified version of the first alignment method described above, is

lllustrated schematically in Fig. 42. Th.is: embodiment employs two
transducers. The transducer 290 on the distal txp 300 is the transmitter.
The receiving transducer 292 is mounted on the cartridge holder 301 below
the movable staple cartridge 302. A channel 303, which is created
throughout the entire height ;)f the cartridge, guides the signal to the
recei{er. The channel has a small diametér of about 0.5-lmm. This
configuration. detects Alignment only when the distal tip is positioned. in

exactly the right position in front of the cartridge.

The preferred embodiments of the invention are based on systems that

comprise one transducer and either a single reflector or a plurality of

 reflectors. The transducer is used both for transmitting and receiving. The

reflector is built from a special construction that reflects back a pattern that
can be translated into the position and orientation of the transmitter
relative to the reflector. Thé transducer can be mounted on the distal tip or

on the staple cartridge or vice versa. Mounting the reflector on the cartridge

is usually preferred, since this eliminates the electrical wire connections for

the transducer that would interfere with i.nde:iing of the cartridge. The
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following are representative, but not limitative,' examples of the many

possible coﬁﬁgurations that can be derived from this model.

The basic configuration (including representative ‘dimensions) of these
embodiments is shown in Fig. 43A. Two parallel reflecting planes
(designated‘by numeral 310) are separated by a distgﬁce In by a pla.x;'xar
surface 311 that intersects the reflecting surfaces at an angle p such that
B <90°. The resulting step construction (generally indicated by numeral 312)

is irradiated by the beam from the transmitting transducer $13. If the

- transmitted beam impinges on both layers, then the reflected signal

comprises two consecutive echoes, one from the front layer and the second

from the rear layer as shown schematically in Fig. 43B.

Fig. 43Cis a reproduction of a photograph of an oécﬂloswpe screen shdwing
the results of an experiment carried out using a one-step reflector of the »
type shown in Fig. 43A. The large pulse on the left of the screen is the
transmission pulse and the two smaller pulses are the echoes from the
reflector. On the horizontal scale, representing ‘time, each division is
1.2usec. In this example, the reflector is positioned such that the _ﬁearest
reflecting surface is 4.3mm from the emitting transducer and the depth of
the step L; - 3mm. The measured time between the pulses is 4.08isec, thué

the measured depth of the step is found from
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x .
- vcz t _1500m/s ;4.08psec =5.08mm

L =d

The agreement between the measurement and the actual depth is
determined by the measun'ng' s_yStem performan;::e. Methods of improving
the agreement will be discussed below in coﬁjunc’tion with the descriptions

of the softwéxe and the electrical module.

When the transducer is aligned with the reflector then the measured
distance between the layers ﬁust be Ly and the méasured pulses must have
an amplitude ;‘elation that is relative to thé depth of the step. This relation
can Be evaluated from the well-known attenuation relation of an ultrasound
§vave propagating in soft tissue (G. S. Kino, Acoustic waves:

devices, imaging and analog signal processing. New Jersey: Prentice-Hall

Inc., 1987)

A _ 5,08dBem ' MHz

front

Where Avear is the echo amplitude from the rear layer and Agont is the echo

. from the front layer. Other influences on the signal amplitude are the step

cross-section and the spatial angle between the distal tip and the reflector
face. For example, consider the two-echoes reflector described with relation
to Fig. 43C that reflects back a signal emitted from a transducer with a

natural frequency of 10MHz (a 100nsec pulse). The relation Arcar /. Agont
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yields appro:dmﬁtely 4.8dB or Arear = 0.707Agroni. Referring to Fig. 430; the
&onf echo amplitude is Smaﬂer than tﬁé' reﬁ ‘echo sugge‘stin:g thaf
alignment has not been achieved. Purthermore if for instance the path of
the transducer on the distal tip dictates that it should irradiate the front
reflective layer first and then, after, the rear layér then it is obvioqs that

the distal tip should be moved back in order to achieve alignment.

The detection procedure that is used to ixﬁplemént the alignment is based
on the following criteria:
1. Alignment is accomplished only when-.f;he echoes are received at a
certain time difference and with a certain amplitude. relation
(within predefined, reasonable tolerances). -
2. The reflector and the transducer are not aligned whenever:
a. no signal is received, or V
b. only one echo isA received, or
¢. the amplitude relation is not satisfied, or
d. the time between the consecutive echoes is differeht i.e. 'a
different distance is measured).

This procedure will be discussed hereafter in more detail.

In a preferred embodiment of the invention, the reflector is construqted with
two or more steps. Figs 44A, 45A, and 46A illustrate & few of the many

possible two-step (three echoes) constructions that can be used. In these

“figures, the reflector is generally designated by numeral 320, the transducer
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by 321, L1 and Ly are the heights of the two-steps, and typical dimensions
are shown. In these cases the reflected signal comprises three echoes with
certain time differences and amplitude relations between them that
correspond to L; and Ly resbectively. The reflected signals that cdrresz;dnd
to 444, 45A, and 46A respectively are schemé.tic‘a}ly éhéwn in Figs. 44B,

45B, and 46B.

Using different values of L1 and Lz assists in conipleting the alignment, If
for instance, bn]y two of the three echoes are received, it is poésible.to
determine on which pair of steps the beam of the transducer is falling by the
distance between the echoes. This information is then used to determine the
position of the distal tip relative to the reflector and to steer it closer to -

alignment.

Fig. 46A shows a two-step reflector made from a cylinder with two bores

drilled inside. One bore is 2mm diameter and in the center of the 2mm bore

ancther 1mm bore is drilled. This construction when almost, but not

exactly, g]igned will reflect back three consecutive' pulses; one from the face
of the reflector one from the peripheral area of the 2mm bore and the thifd
pulse is from the boi;tom of the 1mm bore. The're will Be two-echoes when
the parts are exactly aligned or if the displacement is such that the bottom

of the Imm bore is not irradiated by the transmitted beam. To distinguish

_ between the possibilities when only two-echoes are measured, the reflector

is constructed with steps ofvunequal depth,
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" Fig. 46Cis a reproductlon ofa photograph of an oscﬂloscope screen showmg :

the results of an expenment carried out - usmg a two-step cylindrical
reflector of the type shown in Fig. 46A. The left s1gnal is the transmitting
pulse, the three echoes on the right are from thxee chfferent layers. The tunel
scale is 1.1lpsec per division, The depths between the layers are Iy = Lz =
lmm. The reflector is mounted 4.7mm from the reflector. The measured

time between'the consecutive echoes is 1.3psec, thus the calculated depth is

v, Xt _1500m/sx1.3psec
2 _ 2

Li=L,=d= =0.975mm
Another procedure that forms a part of the present invention uses a _
displacement algorithm, This algorithrh can be implemented only on two (or

more) step (or bore) reflectors, i.e. a minimum of tﬁree echoes is required. In

_ this embodiment, the reflector is built with different size step depths. If the

emitted transducer spot falls on only some -of the steps, then only some of
the echoes will be received. The foﬂoﬁg example, described with reference
to the step construction of Fig. 64, reveals the basis of the algorithm. Fig. 64

shows a two-step reflector 320 having two distinct step. depths Ly = Lz, The

- transmitting/receiving transducer is designated by the numeral 321.

For alignment detection, it is necessary to receive three echoes. In Fig. 54,

the transducer is placed left of the aligned position, Therefore only

_two-echoes are received. Since the displacement algorithm calculates that
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the distance between the echoes is Li, the algorithm will suggest to the
operator to displace the transducer to the right until three echoes are

received.

Figs. 55A through 55 F further illustrate the principles of the alignment

" procedure. In Figs. 554, 55B, and 65C a two-echq (one-step) reflector of the

invention 320 is irradiated by a transducer 321.

Fig. 55B shows the relative positions of the transducﬁr and reflector when
the system is aligned. In Fig. 55E, which schematically shows the
corresponding recéived signal, a fixed relationship exists between the echoes
from the two reflecting surfaces. In Fig. 55A, the transducer has “over-shot*
alignment and, as shown in Fig. 55D, the required ratio between the
two-echoes does not exist, ie. the echo from the farthest surface i; much
larger than from the closest surface. Figs. 55C and 55F illustrate the
situation in which the transducer. has “under-shot” alignment. It should be
clear to the skilled engineer how the operator can use this information to
steer the elements into the correct alig'nment. The above pr_ocedure is the

basis for the development of a process to automate the alignment procedure.

Fig. 47 schematically shows the preferred embodiment of the inventi_on
applied to a stapler which may be, e.g., that disclosed above. The stapler
cartridge is generally shown at 330. Numeral 831 designates each of the

three arrays of five staples each and numeral 332 designates’ two-step
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reflectors that are created into the surface of the cartridge next to each
array of staples. As an example, typical measurements are shown on one of

the reflectors. In this embodiment, the transducer is located on the distal tip

" of the endoscope at, for example, one of the positions 114 in Fig. 17B. Many

other possibilities exist for constructing the reflectors as an integral part .of -
the cartridge. For example, in another preferred -embodiment of thé
inveﬁtion, the reflectors are created as. a set of steps that protrude abéve the
surface of the cariridge. The implementation of the methods of this
invention in the case of four-way endoscopes has to Be somewhat different
then those for two-way endoscopes in order to include the effects of rotation.
In one preferred embodiment of the inventién for use with a four-wéy
endoscopé, a reflector is mounted oﬁ the cartridge and a transducer on the
distal tip. If the distal tip is rotated relative to the reflector, then (as long as

the transducer is not located at the center of the distal tip) the transmitted

beam wi]l not fall on the steps of the reflector and the reflected beams will

not be detected.

Another preferred embodimenf of the invention, for use with a four-way
endoscope, makes use of two reflectors mounted on the cartridge. In thig
embodiment, the reflectors are mounted perpendicﬁiﬁrly to each other. The
depths of the steps of the two reflectors are different. Therefore it is possible
to determine ﬁhich of the reflectors is being irradiated by the transmitted
beam. This information is incorﬁorated into an aigorith.ﬁ to correct for the

rotation and to bring the parts of the stapler into proper alignment.
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In designing the feﬂecﬁng elements employed in the above-described
embodiments of the invention, several factors have to be taken into
consideration. Among these considerations are the following:

1. The ﬁrobabﬂity that echdes, with a certain time djfferencé betweéen

5 them an;i with a certain amplitude 'relaﬁon, will be reﬂected back

from- the ambient area is very smaﬂ. The probability is greatly
reduced by using more than two echoes making the constructions
that give rise to three echoes the preferred embodiments of the
invention,

/10 2. 1n ofder to receive high amplitude echoes, it is best to use step widths
as Wide‘as possible. In two-echo (one-step) feﬂectora the step widtﬁ 18
unlimited. However, in three or more echo reflectors, it is very
iﬁportmt that the acc@dation of all step widths not exceed the

. beam width to msure that there are reflections from all of the

/5 surfaces when alignment is achieved. On the other hand, making the

step widths excessively narrow will result in very weak amphtucie
reflections. -

8.The height of the steps (i.e. the distances between the reflecting
layers) must be mc;re than the resolution of the measuring system

20 ie, ViAt is best to design the step depth such that it is greater than the

length of the echo duration multiplied by the speed of sound in the

tissue ‘(for example 1500m/s) divided by 2. It is possible to work with
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depths less than these; but, in this case, the reflected echoes will be

partially overlapping causing lower signal-to-noise ratio

. In some cases it is possible to surround the reflecting surfaces with

absorbing material and thus, to increéase the Acontrast of the reflector.

- One of the possible sources of inaccuracy in the use of multi-step

reflectors is the air gaps that can be created if the tissue is nct in

firm contact with all of the reflecting surfaces. One possible solution

to this problem is to fill the gaps with medical ultrasonic gel. The

conventional gel is often displaced dur_in'g insertion of the endoscope,

therefore it is preferred to fill the steps with a hard or flexible

material Baving acoustical matching to the tissue. In this case no air
gaps are created and therefore no efror will occur in the
measurements. A suitable material for this purpose is, for example
well known industrial silicon. or commercially available

bio-compatible silicon products well known in the art.

8. Transducers with many different characteristics can be employed in

the various embodiments of the invention deécﬁbed above. An
example of a transducer used in the preferréd embodiment of the
invention is a single 9lement, directional transducer that is capable
of both transmitting and receiviﬁg. The diameter of the transducer is

one mm and jts length is two mm. The connecting cable has a
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diameter of less than one mm., The device has é. éentér fréqi;eﬁcy of
11MHz and bandwidth (-6dB) of 66%,"I'he transducer is used in
di.rect contact with the tissue and no ﬁamﬁmg layer is needed. The
transducer is custom made for the Apphcant by Blatek Inc., State

College, Pennsylvama USA

The ultrasound circuit used to perform .the distance and aligyment
measurements of the invention will now be. described. The circuit can use
either A-mode (ome transducer for transmitting and receiving) or C-mode
(two different transducers are tvised one for transmitting and. oﬁe for

receiving) scanning, without the imaging part. For the sake of brevity, the

. following description will be for A-mode but all the same pnn(nples can be :

implemented with the C-mode usmg the essentxa.lly the same électronic

components and circuit.

Fig. 48 is a bloci: diagram of the ultrasound cireuit according to another
preferred embodiment of the invention, which is composed of three
interconnected units: the transmitter (generally shown at 340), ’the receiver
341, and tﬁe digitizing, signal processing (DSP), distance and aJignment

unit 342. Numeral 343 represents the timing and control circuits and the

input/output (I/0) interfaces. The timing circuit generates one pulse or burst

of pulses of frequency of, for example, 11MHz and with a pulse repetition
rate (or frequency) (PRF) of 100Hz. These pulses are amplified by a power

amplifier 344 and applied through a transmit/receive (T/R) switch 845 to a
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transducer or array of transducers-346 that is, for exaﬁuple capable of both
transmitting and receiving ultrasonic signals (eqﬁix}aleﬁt to 290 in Fig. 37,

where the transducer is a transmitter only). The transducer converts the.

“electric signal into an ultrasonic signal. In order to integrate the transducer

7 with the endoscope, the dimensions of the transducer must be very small. In

a preferred embodiment of the invenfion,- these dimensions are lmm
diameter and 2mm length and the cable that connects the transducer to the

electric circuit is a coaxial wire with less than lmm diameter. The

transducer lobe is directional and since it works within the Fresnel zone it

is eésentia]ly co]li.mated. The emitteci sound wave penetrates the boundary
of the stomach 847, then passes through the fat tissue 348, and finally
enters the esophagus 349. In the esophagus, the sound wave falls upon ;
very good reflector 350 (or, in C-modé, a receiving transducer equivalent to

261 in Fig. 85) that is mounted on (or is part of) the staple cartridge. The

" reflected signal returns along the same path until the transducer receives it

and transforms the ultrasonic signal to an electrical signal. The electric
signal then pass'es through the T/R switch. 345 to amplifier 351, which
amplifies the return signal from the transducer. The amplified signal then
passes to an A/D device (located at 352, which also represents elements of
the system that perform the DSP functions) to be digitized in order to carry

out digital signal processing.

The DSP module has two main functions:
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i)  To measure the distance between the distal tip rand'_
the anvil
i)  To confirm alignment between the distal tip and the

.anvil.

The digitization must meet the well-known Nyquist criteria But,‘ because
the signal is narrow band, it is possible to use under-sampling and thus

decrease calculation loads and omit some electrical circuits.

The three main units of the ultrasound system of Fig. 48 will now be

discussed in more detail. The transmitter unit is schematically shown in

- F1g 49, The data bit generator and gate 360 are able to generate one pulse

or bursts of data bits. They also determine the type of modﬂaﬁon of the
carrier frequency Fc (which is a squal;e' or sinusoidal wax'/e with an
oscillation rate of, for exanépie, 10.7MHz) that is fed into the ﬁjxer 861.
When transmitting one bulse only, the length of the pulse is determined by
the transducer specification (in this exaﬁple lodnsec), and the pulse
repetition frequency (PRF) is 100Hz. By transmitting a burst of pulses or a
random sequehce, of pulses or a modulated random burst of pulses it is
possible to increase the reliability of the measurements and to wprk with
very weak signals in a very noisy environment, The mixed (modulated)
signel is tra.nsferred to the power amplifier 362 that filters and amplifies it

before passing it to the transducer 363, which converts the electrical energy

into ultrasonic energy.
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The receiver unit is schematically shown in Fig. 50. The ultrasonic wave

that passes throughout all the tissues is recéived by the transducer 363,
which converts the ultrasonic energy into electric energy. The signal is
amplified by amplifier 364 and ﬁltered by bandpass filter (or filters) 36‘5 to
eliminate any undesired fréquencies. Then the signal is digitized with an
analog-digital (A/D) unit 366 (which has, for exainple, 8bit resolution and a
sampling rate of 100MHz). Since the samp_le ratg is very high compare to
the data tréhsfer rate of the computer, then it is necessary to use a; fast
first-in-first out (FIFO) unit 867, that stores the d;zta,untﬂ it is passed to

the main memory 368 of a personal computer (PC).

The digitization module is a PC card that includes an A/D unit with a
sample rate of 50-100MHz. When transmission is initiated, the A/D unit
simultaneously starts to saﬁple and the data is 60Hected in the FIFO umt
for about 20ps (which is equivalent to a distance of about 3cm) and then the

data is transferred to a buffer in the computer main memory.

‘The preferred method for implementing the distance calculations involves

the use of the following correlation algorithm. The sampled data in the
buffer is cross-correlated with a predefined signal pattern that is stored in

the computer memory.
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The reference signal can be created in two ways. The first method makes
use of the fact that it is possible to synthesize or to write a function that will

generate the pattern of the reflected echo. An example of a function that

generates such a reference signal is:

ref(t)=le™ cos(@,+8) 120
ref (6)=Ie" cos(w,t +6) <0’

- where, t is the dumping fac!:or' derived from the transducer specification, wy

is the dumped natural freqﬁency derived from the transducer specifications,
and 0 is a phase correction, if necessary‘ (William W. Seto, Acoustics,
Schaum’s Outline Series, McGraw-Hill Inc., USA, 1971). Fig. 51A is a
reproduction of a computer screen showing an ekample of a synthesized

reference signal calculated using the above formula,

In the second method an actual echo is sampled and stored in the computer
memory for use as the reference signal. The second method is preferred,’
sincei it includes exactl& the characteristics of all of the transmitting and
receiving sygtem including those of the transducer. Thus if, for example, the

transducer (or any other component of the system) is replaced with another

_part having slightly different characteristics; it is possible to store the

exactly expected reference signal in the computer memory by making a
simple calibration measurement (for example in water). Fig. 51B is a
reproduction of a computer screen showing an éxample of a pre-measured

reference éignal. In Figs. 51A and 51B. the horizontal axis represents time
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measured in nanoseconds. A cross-correlation result is obtained from the

following forinula:
Tref,sig (D= D ref(n-1)-signaln) -0<I<N-1
n=l '

where retsig{l) is the cross correlation result, ref(n-ij is the reference signal

and signal (n) is the received signal, N =length(signal)-length(ref). -

The index of the element that contains the' maximum in the correl#tion
buffer (rregsigl)i corresponds to the place where the reference signal and.the
received signal best match. The time of arrival of the echo is calculated by
Tarriva1=(Buffe_rJndex*1/’]‘s)/2, where Buffer_ﬁ:deiz is the index of the buffer

where the maxunu.m correlation is obtained and ’fs is the sainpling .

frequency.

It follows from the above that the accuracy of the measurement is
determined by the sampling frequency, ise., the error in the time

measurement will be +1/T,. For example, if the sample rate is 100MHz.

Then,

-1
mxl500m/s = 15pm

i.e., the accuracy in the distance is +16pm.
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Fig. 52A is a reproduction of a computer screen showing the cofrelation

results (lower curve-C) for 2 typical buffer between the received echo from a

reflector (upper curve-R) and the pre-measured reference curve of Fig. BIB.
Fig. 52B is an enlargement of part of Fig. 624, showing more detail of the
received signal and correlation results, The maximum of the correlation

occurs exactly at the beginning of the received signal. In Figs. 524 and 52B,

the horizontal axis represents time measured in microseconds.

The alignment algorithm uses the distance measurement algorithm as one
of the criteria for alignment detection. The following examplé is for a
one-step (two-echo') reﬂectof, but it can easily be expanded to cover the cases
of reflectors having three or more echoes, The signal received in the buffer is
correlated 'w‘ith the reference signal. Then the algorithm searches for the
location of two maxima of the correlation. Thé distance between these two
maxima must equal the depth of the step. If this criterion is not met then

the fransducer and reflector are not aligned.

If the distance between the maxima is correct, then the energy of the two
echoes is compared to either meet the attenuation and area cross-section
relationships heretofore presented or a pre-measured relation knowxn from a

calibration measurement. If -these relations are not satisfied, then the

. aligliment is not correct.
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Fig. 58 is a flow chart of an alignment algonthm The ahgmnent is
consnierad to be correct if, and only if, the echoes are measured at the

dastance that corresponds to the depth of the step and satlsfy the amplitude

relations.

In order to reduce the time of calcﬁlation, it is possible to find the maxima
in the received buffer instead of the correlation maxima, However, in this
cage, errors occur.when random noise with high amplitude occurs. Therefore
in a preferrgd embodiment of the invention the calculation is made using
the correlation peaks of the energy (equivalent to the integration of the

intensity) and not by using the maxima from the received buffer.

While embodiments of the invention have been described by way of
illustration, it will be understood that the invention can be carried out by
persons skilled in the art with many modifications, variations and

adaptations, without departing from its spirit or éxceeding the scope of the

claims,
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THE. CLA]J\/IS DEFINING THE l'NVENTION ARE AS FOLLOWS -

1. A dlstal tip for an endoscope compnsmg
a) a socket suitable to receive elements of a stapling device;
b) at least one illumination channél; and

¢) atleast one objective lens coupled to the objective image pl'ane ofa

sensor surface.

2. A distal tip according to claim 1, wherein the objective lens is coupled to

the objective image plane by means of an air gap.

3. A distal tip according to claim 1, wherem the objective lens is coupled to

the objectlve Image plane by means of a coupling lens,

4. A distal tip according to claim 1, wherein the objective lens is coupled to

the objective image plane by means of an optical relay system.

S. A distal tip according to claim 1, further compnsmg a suction and/or

1rr1gat10n channel.

- A distal tip according to claim 1, further comprising one or more

- transducers and/or a reflector for use in ultrasound positioning.

. A distal tip accordlng to claim 1, wherein the socket is suitable to receive

the staple dispensing element of a stapling device,

. A distal tip according to claim 1, wherein the socket is suitable to receive

the anv11 element of a stapling dewce
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9. A distal tip according to claim 7, further comprising one or more pins and/or
screws for use in locking the staple dispensing element to the anvil element.

10. A distal tip according to claim 8, further comprising one or more pins and/or
screws for use in locking the anvil element to the staple dispensing element.

11. A distal tip for an endoscope substantially as hereinbefore described with
reference to the accompanying figures.

Dated this twenty-third day of December 2004

Medigus Ltd.
Patent Attorneys for the Applicant:

F B RICE & CO
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