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Application No. App|icant(s)

09/977,826 GOICOECHEA ET AL.

Office Action Summary Examine, M Unit

William H. Matthews (Howie) 3738

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(3). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- It NO period for reply is specified above. the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the setor extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even it timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 26 June 2006.

2a)® This action is FINAL. 2b)l:l This action is non—fina|.

3)|:] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213.

Disposition of Claims

4)E| C|aim(s) 20 22-25 27-33 39 41 43-49 and 54-57 is/are pending in the application.

4a) Of the above c|aim(s) __ is/are withdrawn from consideration.

5)|:] Claim(s) _____ is/are allowed.

6)X| C|aim(s) 20,22—25,31-33,39,41,43-49 and 54-57 is/are rejected.

7) C|aim(s) _2_L—_.’_3__Q is/are objected to.

8)l:] C|aim(s are subject to restriction and/or election requirement.

 

)__

Application Papers

9)l:l The specification is objected to by the Examiner.

10)I:] The drawing(s) filed on ~___j__ is/are: a)I] accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)l:l The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)l:] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)l] All b)l:] Some ' c)l] None of:

Certified copies of the priority documents have been received.

Certified copies of the priority documents have been received in Application No.

Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) D Notice of References Cited (PTO-892) 4) D interview Summary (PTO-413)
2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _,
3) lnfonnation Disclosure Statement(s) (PTOISBI08) 5) D Notice of Informal Patent Application

Paper No(s)/Mail Date @2505. 6) D Other: .
US. Patent and Trademark Office

PTOL-326 (Rev. 03-06) Office Action Summary Part of Paper No./Mail Date 25060928
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Application/Control Number: 09/977,826 Page 2

Art Unit: 3738

DETAILED ACTION

Response to Arguments

1. Applicant's arguments filed 6-26-06 have been fully considered but they are not

persuasive.

2. Regarding the rejection under 35 USC 112 of claims 56 and 57, Applicant

contends support is provided at p9 lines 15-19, p 10 lines 1-7, p23 lines 20-23, and p44

lines 19-23. Examiner acknowledges the cited passages to recite the E hoops being

perpendicular to the longitudinal axis, but this does not provide support for the limitation

“the vertices of e_a£h_ hoop pointed in the axial direction lie in a common plane

perpendicular to the longitudinal axis of the tubular member”. The specification only

provides support for “substantially perpendicular".

3. With regard to Cragg, Fontaine, Furui, and Wolff Examiner maintains the

arguments presented in the last office action dated 12-27-05 on pages 2-4.

4. Applicant presents new arguments pertaining to the interpretation of the terms

“substantially perpendicular” and “juxtaposed” primarily based upon recent decision of

the U.S. Court of Appeals for the Federal Circuit (In re Johnson and Phillips). Examiner

notes the decisions are based upon different circumstances, but generally teach general

definitions may give way to the definition imparted by the specification. _In the current

application, Examiner does not see how the current specification provides a distinct

definition of "substantially perpendicular” and "juxtaposed" and therefore applying the 6

teaching of In re Johnson and Phillips would not be appropriate. Furthermore,

substantially is disclosed in MPEP 2173.05(b) to be “a broad term”. Regarding
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Application/Control Number: 09/977,826 Page 3

Art Unit: 3738

“juxtaposed", Applicant has not provided support in the specification to require a level of

proximity between “juxtaposed apices”.

Claim Rejections - 35 USC § 112 .

5. The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the

art to which it pertains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention.

6. Claims 56~57 are rejected under 35 U.S.C. 112, first paragraph, as failing to

comply with the written description requirement. The c|aim(s) contains subject matter

which was not described in the specification in such a way as to reasonably convey to

one skilled in the relevant art that the inventor(s), at the time the application was filed,

had possession of the claimed invention. Specifically, claims 56-57 recite “the vertices

of each hoop pointed in the axial direction lie in a common plane perpendicular to the

longitudinal axis of the tubular member” which is not disclosed in the specification. The

specification only provides support for the phrase “substantially perpendicular".

Claim Rejections - 35 USC § 102

1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
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Application/Control Number: 09/977,826 _ Page 4

Art Unit: 3738

granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States

only if the international application designated the United States and was published under Article 21(2) .
of such treaty in the English language.

2. Claims 20,22-24,31——33,41,54,55 are rejected under 35 U.S.C. 102(e) as being

anticipated by Cragg US PN 5,405,377.

Cragg discloses in figures 1-4 and line 40 of col.- 2 through line 4 of col. 3 a stent

10 comprising a plurality of hoops 11 formed from a continuous Nitinol wire comprising

pairs of elongate elements forming apices abutting apices of adjacent hoops, which are

connected by thermoplastic suture material 12. All hoops are axially aligned and of

equal diameter.

3. Claims 20,22-24,31,54-55 are rejected under 35 U.S.C. 102(e) as being

anticipated by Fontaine US PN 5,370,683.

Fontaine discloses in figures 6, 9, 10, and 14 a stent comprised ofa continuous

wire formed into a plurality of interconnected (by welding lines 11-13 of col. 6) hoops at

abutting apices or vertices (5,5’ and 7,7’) formed by pairs ofelongate elements within

each hoop. All hoops are axially aligned and of equal diameter.

4. I Claims 20,22—25,39,43,44,47,54-55 are rejected under 35 U.S.C. 102(b) as being

anticipated by Wolff US PN 5,104,404.

Wolff discloses in figures 1 and 6 a-stent comprised of a plurality of hoops 12

interconnected at apices formed by pairs of elongate elements within each hoop.

Securing means 14 connects the apices of adjacent hoops. All hoopsare axially

1016



1017

Application/Control Number: 09/977,826 Page‘5
Art Unit: 3738

aligned and of equal or different diameter (figure 6). Figure 1 shows the longitudinal

ends of the stent being square to the long axis of the stent. As shown in Figure 1, each

end portion of the stent, left 12 or right 12, may have a tubular coating of radiopaque

material over element 14 (see lines 63-65 of col. 3).

5. Claims 20,22-24,31,39,54 are rejected under 35 U.S.C. 102(b) as being

anticipated by Furui JP 4-25755.

Furui discloses in figure 1 a stent comprised of a plurality of hoops

interconnected at apices formed by pairs of elongate elements within each hoop.

Securing means connect the apices of adjacent hoops. All hoops are axially aligned, of

equal or different diameter, and in a plane perpendicular to the longitudinal axis.

Claim Rejections - 35 USC § 103

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and

the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

7. Claims 45,46,48,49 are rejected under 35 U.S.C. 103(a) as being unpatentable

over Wolff US PN 5,104,404 as applied to claims 54,43,44,47 above, and further in view

of Piplani et al. US PN 5,824,039.

1017



1018

Application/Control Number: 09/977,826 Page 6

Art Unit: 3738

Wolff discloses the use of radiopaque markers in the form of tubes but does not

expressly disclose the use of gold or platinum as the material or that the marker may be

a wire. Piplani teaches a stented vascular graft having gold and platinum markers as

well as markers in the form of wires (see lines 22-26 of col. 5 and lines 14-17 of col. 7) .

in order to provide visibility under fluoroscopy during implantation of the device.

Therefore it would have been obvious to one of ordinary skill in the art at the time

of the invention to have modified the stent disclosed by Wolff to include gold or platinum

as the material or to provide the marker in the form of a wire as taught by Piplani et al. .

in order to provide sufficient visibility under fluoroscopy during implantation of the

device.

Allowable Subject Matter

8. Claims 27-30 are objected to as being dependent upon a rejected base claim,

but would be allowable if rewritten in independent form including all of the limitations of

the base claim and any intervening claims.

Conclusion

9. All claims are drawn to the same invention claimed in the application prior to the

entry of the submission under 37 CFR 1.114 and could have been finally rejected on the

grounds and art of record in the next Office action if they had been entered in the

application prior to entry under 37 CFR 1.114. Accordingly, THIS ACTION IS MADE

‘ FINAL even though it is a first action after the filing of a request for continued
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Application/Control Number: 09/977,826 Page 7

Art Unit: 3738

examination and the submission under 37 CFR 1.114. See MPEP § 706.07(b).

Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to William H. Matthews (Howie) whose telephone number

is 571-272—4753. The examiner can normally be reached on Monday-Friday 10-

6:30PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Corrine M. McDermott can be reached on 571-272-4754. The fax phone

number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Application/Control Number: 09/977,826 Page-8

Art Unit: 3738

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (to|I—free). If you would like assistance from a .

USPTO Customer Service Representative or access to the automated information
\

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

William H. Matthews (Howie)
Examiner

Art Unit 3738
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considered. Include copy or this font: with next communication to Applicant.

‘Applicant's unique citation designation number (optional).
‘See Kind Codes of USPTO Patent Documents at mmysmmgpx or MPEP 901.04.
‘Enter Office that issued the document, by the two—letter code (WIPO Standard St.3).
‘For Japanese patent documents, the indication oi the year of the reign of the Emperor must precede the serial number of the patent document.
‘Kind of document by the appropriate symbols as indicated on the document under wreo Standard ST.16 if possible.
‘Applicant is to place a check mark here it English language trandatlon Is attached.

The collection of information is required by 37 CPR 1.97 and 1.93. The Information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 u.s.c. 122 and 37 CFR 1.14. This collection Is estimated to take 2 hours to complete,
Indudlng gathering, preparing, and submitting the completed application form to the USPTO. Tlme will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313~ 1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patenu, P.0. Box 1450, Alexandria, VA 22313-1450.
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‘EXAMINER: initial il relerenoe considered. whether or not citation is in oonlormanoa with MPEP 609. Draw line through citation if not in oonlormanoe and not
mnsidered. Indude mpy at this form with next onmmuniation to Applicant

‘Appllc-ant’s unique citation designation number (optional).
‘see Kind Codes of USPTO Patent Documents at wwwusmg ggy or MPEP 901.04.
’Enter Office that issued the document, by the two-letter code (WIPO Standard SL3).
‘For Japanese patent documents. the lndiulion oi the year ol the reign of the Emperor must premde the serial number of the patent document
‘Kind oi document by the appropriate symbols as indicated on the document underwlPO Standard ST.16 it possible.
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The collection of information is required by 37 CFR 1.97 and 1.93. The information is required to obtain or retain a benefit by the public which is to file (and by
the USPTO to process) an application. confidentiality is governed by 35 u.s.c. 122 and 37 CFR 1.14. This collection is estimated to lake 2 hqurs to complete,
induding gathering. preparing. and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount oi time you require to complete this form andlor suggestions lor reducing this burden, should be sent to the Chlel inlormation Otfioer, U.S. Patent
and Trademark Offioe, U.S. Department of Commerce. PO Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: commissioner for Patents, P.O. Box 1450. Alexandria, VA 22313-1450. -

If you need assistance In completing the form, call 1~B00-PTO-9199 (1-800486-9199) and select option 2.
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‘Applicants unique dtation designation number (optional).
‘see Kind Codes of USPTO Patent Documents at www usp_io.ggv or MPEP‘901.04.
‘Enter Office that issued the document by the two-letter code (WIPO Standard Sta).
‘For Japanese patent documents. the indition of the year of the reign of the Emperor must precede the serial number of the patent document.
‘Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 it possible.
‘Applicant is to place a chedt mark here it English language translation is attadied.

The collection of inlorrnation is required by 37 CFR 1.97 and 1.98. The lrrlormation is required to obtain or retain a benefit by the public which is to file (and by
the USPTO to process) an appilrztlon. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete.
including gathering. preparing, and submitting the completed application form to the USPTO. 1'ime will vary depending upon the individual use. Any comments
on the amount at time you require to complete this form and./or suggestions for redudng this burden, should be sent to the Chief Information Ofiicer. US. Patent
and Trademark Office. U.S. Department of Commerce. P.O. Box 1450, Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents. P.O. Box 1450, Alexandria. VA 22313-1450.

Ifyou need assistance in completing the lbrm, call 1-800-PTO-9199 and select option 2.
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‘EXAMINER: Initial ii reference considered, whetha or not citation is in conformance with MPEP 609. Draw line through dtation it not in conformance and not
considered. indude copy of this town with next communication to Appiint. '
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’See Kind Codes of USPTO Patent Documents at mgzysmggg or MPEP 901.04.
’Enter Ofiioe that issued the document. by the two-letter code (WIPO Standard St.3).
‘For Japanese patent documents. the indition of the year of the reign oi the Emperor must precede the serial number oi the patent document.
‘Kind of document by the appropriate symbols as indicated on the document underWiPO Standard ST.16 it possible.
‘Applicant is to place a dteck man: here it English language translation is attadted.
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the USPTO to process) an application. confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to lake 2 hours to complete.
induding gathering. preparing, and submitting the completed application lonn to the USPTO. Time will vary depending upon the individual se. Any comments
on the amount of time you require to complete this town andlor suggestions tor redudng this burden. should be sent to the chief inion-nation Ofiioer, US. Patent
and Trademark Office. U.S. Department of Commerce. P.0. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: commissioner for Patents, P.O. Box 1450. Alexandria, VA 22313-1450.

If you need assistance in completing the Ionrr, call 1-800-PTO-9199 and select option 2.
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Examiner Date
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The collection of Information is required by 37 CFR 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
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Application No. 

09/977,826 
Interview Summary 

Examiner 

-~' 
Applicant(s) 

GOICOECHEA ET AL. 

Art Unit 

William H. Matthews (Howie) 3738 

' 

All participants (applicant, applicant's representative, PTO personnel): 

(1) William H. Matthews (Howie). 

(2) Joshua Cohen. 

Date of Interview: 10 January 2007. 

Type: a)[8] Telephonic b)O Video Conference 

(3)Stanley Weinberg. 

(4) __ . 

c)O Personal [copy given to: 1 )0 applicant 2)0 applicant's representative] 

Exhibit shown or demonstration conducted: d)O Yes e)[8] No. 
If Yes, brief description: __ . 

Claim(s) discussed: 54 and 56. 

Identification of prior art discussed: Fontaine. 

Agreement with respect to the claims f)0 was reached. g)[gl was not reached. h)O N/A. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: Discussed possible amendments to claims 54 and 56, location of support in 
specification for "perpendicular hoops" fp44/ine 23 and abstract) and "substantially perpendicular. Also discussed 
relevance of Fontaine to claim 56 should "substantially" be added before "perpendicular" in order to overcome the 
112 rejection. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS 
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS 
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO 
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview 
requirements on reverse side or on attached sheet. 

Examiner Note: You must sign this form unless it is an 
Attachment to a signed Office action. 

U.S. Patent and Trademar1< Office 
PTOL-413 (Rev. 04-03) 

Examiner's signature, if required 

Interview Summary PaperNo.20070110 
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), section 713.04, substance of interview Must be Made of Record
A complete written statement as to the substance of any lace-to-lace, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b) _

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Otfioe will be based exclusively on the written record in the Qffice. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. ’

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. it is the examiners responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability. ’ . ' '

Examiners must complete an Interview Summary Fonn for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is othewvise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The interview Summary Fonn shall be given an appropriate Paper No., placed in the right hand portion ofthe file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Fonn should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following infonnation:
— Application Number (Series Code and Serial Number)
- Name of applicant
- Name of examiner
— Date of interview

- Type of interview (telephonic, video-conference, or personal)
- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
— An indication whether or not an exhibit was shown or a demonstration conducted

- An identification of the specific prior art discussed
— An indication whether an agreement was reached and if so, a description of the general nature ofthe agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary. _

— The signature of the examiner who conducted the interview (if Fonn is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. it
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview, ' .

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner, V -
5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Fonn completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the
statement attributed to him or her. lfthe record is complete and accurate, the examiner should place the indication, “interview Record OK" on the
paper recording the substance of the interview along with the date and the examiner's initials.

1l£30



1031

Doc Code: AP.PRE.REQ PTO/SW33 (07-05)Approved for use through nlxxl200x. OMB 0651-Ooxx
U.S. Patent and Trademark Ofiice; U.S. DEPARTMENT OF COMMERCE

Under the Pa - rwork Reduction Act at 1995 no -1- rsons are r - uired to res no to a collection of information unless it dis la s a valid OMB control number.

Docket Number (Optional)

PRE-APPEAL BRIEF REQUEST FOR REVIEW BSI-01OUS4

I hereby certify that this correspondence is being deposited with the Application Number
United States Postal Service with sufiicient postage as first class mail

in an envelope addressed to “Mail Stop AF, Commissioner for 09/ 977 , a 25 1°/1 5/2001
Patents, P.0. Box 1450, Alexandria, VA 22313-1450" [37 CFR 1 .8(a)]

ebruary 12 , 2007
First Named Inventor

_ George Goicoechea
Signature

Examiner

Typed or printed Denise Morgan
name William H. Matthews

Applicant requests review of the final rejection in the above-identified application. No amendments are being filed
with this request.

This request is being filed with a notice of appeal.

The review is requested for the reason(s) stated on the attached sheet(s).
Note: No more than five (5) pages may be provided.

lam the

applicantfinventor.
Signature

assignee of record ofthe entire interest. Wei“-be 1'9
See 37 CFR 3.71. Statement under 37 CFR 3.73(b) is enclosed.
(Form PTO/SB/96) Typed or printed name

attorney oragentofrecord. 251276 519-407-9799
Registration number

Telephone number

attorney or agent acting under 37 CFR1.34. O2/12/2007

Registration number if acting under 37 CFR 1.34 Date

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required.
Submit multiple forms it more than one signature is required, see below‘.

E! ‘Total of __.._ forms are submitted.

This collection of intonnation is required by 35 U.S.C. 132. The lntonnation is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentlily is governed by 35 U.S.C. 122 and 37 CFR 1.11, 1.14 and 41.6. This collection is estimated to take 12 minutes to
complete, including gathering, preparing, and submitting the completed application tonn to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount ot time you require to complete this form andlor suggestions tor reducing this burden, should be sent to the Chief Information Ofiicer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Mail Stop AF, Commissioner for Patents. P.O. Box 1450, Alexandria. VA 22313-1450.

If you need assistance in completing the form. call 1-800-PTO-9199 and select option 2.

1031



1032

 Reasons For Review

The issues raised for purposes of this Pre-Appeal Request For Review are

limited to the rejections of independent claims 54 and 56.

Claim 54

Claim 54 has been alternatively rejected as anticipated by Cragg (U.S. Patent

No. 5,405,377); Fontaine (U.S. Patent No. 5,370,683); Wolff (U.S. Patent No.

5,104,404); and Furui (JP 4-25755) under various subsections of 35 U.S.C. § 102.

The following recitation is relevant to the rejections of claim 54 based on

Cragg and Fontaine:

each of said hoops oriented in a plane substantially perpendicular to

the longitudinal axis of the stent.

Page 2, 113 of the Office Action (incorporating by reference pp. 2—3, 11113, 4 of

the December 27, 2005 Office Action) states that Applicants’ specification does not

define the scope of “substantially perpendicular” or define that term to mean

“perpendicular.” Then, instead of relying on Applicants’ disclosure to construe the

term “substantially perpendicular,” the Office Action relies solely on a general

dictionary to define “substantial” as “being largely but not wholly that which is

specified” and, in 113 of the incorporated Office Action, expands upon that definition

and concludes that 1

the broadest reasonable interpretation [of “substantially

perpendicular”] may include at least 90, 80, 70 or 60 degrees from the

longitudinal axis. A

When read in view of the claim rejections, this is not a reasonable interpretation of

the term “substantially perpendicular” in claim 54 because it is based solely upon a

general dictionary and ignores the meaning of that term in the important context of

Applicants’ disclosure. H

In re Johnston, 435 F.3d 1381, 1384 (Fed. Cir. 2006) (an appeal from the

BPAI) states that “dictionary definitions _n3gs_t give way to the meaning imparted by

the specification.” (emphasis added). Applicants have previously brought Johnston

to the Examiner's attention. In response, para. 4, p.2 of the Office Action incorrectly

interprets Johnston as allowing the Examiner discretion to use a general dictionary

definition in the first instance, stating that a general dictionary definition Ev give

way to the specification. But when the general dictionary definition relied upon in

the Office Action “gives way” to Applicants’ disclosure as reguired by Johnston, claim

54 as properly construed is allowable over the cited prior art.
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Dictionary definitions must give way because “the specification. . .is the single

best guide to the meaning of a disputed term. . . . The specification is, thus, the

primary basis for construing the claims.” Phillips v. AWH Industries, 415 F.3d 1303,

1315 (Fed. Cir. 2005), cert. denied, 164 L.Ed.2d 49 (2006) (citations and internal

quotations omitted). Accord, MBO Laboratories, Inc. v. Becton, Dickinson & Co., No.

2006-1062, Slip op. at p. 8 (Fed. Cir. 1/24/07). Applicants have previously provided

a copy of Phillips to the Examiner. Because dictionary definitions “do not necessarily

reflect the inventor’s goal of distinctly setting forth his invention as a person of

ordinary skill in that particular art would understand it,” “[a] claim should not rise or

fall based upon the preferences of a particular dictionary editor.” Phillips, 415 F.3d

at 1322.

[T]he ordinary and customary meaning of a claim term is the meaning
that the term would have to a person of ordinary skill in the art in

question at the time of the invention, i.e., as of the effective filing date
of the patent application.

Phillips, 415 F.3d at 1313 (citations omitted) (emphasis added).

Applicants, persons of ordinary skill in the art, have described their invention

in the specification, figures, and claims in a way that would be understood by one of

ordinary skill in the art. Claim 54 must be interpreted in a way that is consistent

with the specification and figures rather than based solely on a general dictionary

definition. Therefore, claim 54 must be evaluated based upon Applicants’ entire

disclosure and certainly should not be evaluated based on a dictionary definition that

contradicts Applicants’ specification and figures.

It is significant in this matter that Cragg and Fontaine disclose helical

configurations. "See Cragg, col. 1, lines 57, 64; col. 2, line 44. Fontaine describes

some hoops as wrapped in a spiral (col. 4, lines 13-15) and having a spiral shape

(col. 7, lines 55-59).

Applicants expressly distinguished their configuration as claimed in claim 54

from the helical configuration of EP-A-0556850 (the European patent corresponding

to the cited U.S. Cragg reference) as an alternative to Cragg's helical configuration:

In some embodiments the wire may have a helical configuration as disclosed

in EP—A-0556850. Alternatively, the wire may be of an entirely novel

configuration, namely one in which the wire forms a plurality of hoops such
that the plane of the circumference of each hoop is substantially

perpendicular to the longitudinal axis of the stent.

(p. 9, lines 13-19) (emphasis added).
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Applicants’ Figs. 1A, 1B, 2A, 2B, 3, 4A, 5-7, and 15-20 illustrate the

“substantially perpendicular” embodiment in which the hoops do not form a helical

configuration. The specification explains how the hoops of this embodiment are

substantially perpendicular to the longitudinal axis of the stent. See, e.g., page 9,

lines 13-19 (“the plane of the circumference of each hoop is substantially

perpendicular to the longitudinal axis of the stent); page 23, lines 20-23 (“the

circumference of each hoop is substantially perpendicular to the longitudinal axis of

the mandrel”). Furthermore, Applicants’ specification as quoted above, distinguishes

helical configurations from a “substantially perpendicular” configuration. Applicants’

specification thus excludes helical configurations from the meaning of “substantially

perpendicular.” Therefore, the recitation in claim 54 that “hoops [are] oriented in a

plane substantially perpendicular to the longitudinal axis of the stent” is not

anticipated by references disclosing helical stents.

In summary, the Office Action is legally deficient because it relies solely upon

a general dictionary definition without regard to Applicants’ specification and figures.

It is also legally deficient because it uses that general dictionary definition to

erroneously construe claim 54 to encompass a configuration (a helical configuration)

that Applicants’ specification excluded from the claim.

The following recitation is relevant to the rejections of claim 54 based upon

Furui and Wolff:

means for securing an apex of one hoop to a juxtaposed apex of a

neighboring hoop.

Neither the current Office Action nor the incorporated Office Action contends

that Applicants’ disclosure fails to define the term “juxtaposed” as used in claim 54.

Nevertheless, the Furui rejection of claim 54 (para. 7, p.4 of the incorporated Office

Action) uses a general dictionary to define “juxtaposed” as “side by side” and

“synonymous with adjacent and does not imply contact.” The current Office Action

then apparently gives controlling weight to this general dictionary definition of

“juxtaposed.” This reliance on the general dictionary definition gives primacy to the

general dictionary definition and relegates Applicants’ disclosure to secondary status.

This analysis directly contradicts MBO Laboratories, Johnston, and Phillips. The

general dictionary definition must give way to Applicants’ specification and figures.

Applicants’ specification, together with the embodiments depicted in the

figures, explains and illustrates the meaning of “juxtaposed.” For example, page 10,

lines 18-20 explains that an apex of the sinuous wire in one hoop is secured “to a

1034



1035

juxtaposed apex of a neighboring hoop so that each hoop is supported by its

neighbors." Page 20, lines 1-4 explains that Figs. 4(b)-4(f) illustrate means for

securing juxtaposed apices. Other passages in the specification, depicted in

referenced figures, illustrate the meaning of “juxtaposed." See, e.g., page 25, lines

4, 7, 10 and Fig. 4(a); page 25, lines 14 and 17, referring to Figs. 4(b) and 4(c),

respectively; page 26, lines 8, 16, describing features shown at least in Figs. 1B, 2A,

3; page 29, line 20 describing juxtaposed apices shown at least in Fig. 1B. The

juxtaposed nature of Applicants’ apices is also shown in Figs. 1A, 2B, 3, and 5-7.

The term “juxtaposed” must be construed with reference to Applicants’

specification, and the general dictionary definition of “juxtaposed” must give way to

Applicants’ specification and figures when construing claim 54. Based on Applicants’

specification, one skilled in the art would interpret “juxtaposed” to mean apices

positioned in such a way that each hoop formed by the apices is supported by its

neighbors. Page 10, lines 18-20.

Furui (translation provided September 29, 2005) does not show juxtaposed

apices as defined by Applicants’ specification and figures. Instead, Furui discloses a

stent structure in which separate wires (item 6 in the translation) are interposed

between the valleys of one wave—shaped ring and the peaks of the other wave-

shaped ring to connect the valleys to the peaks. (Page 3, third-to-last paragraph of

translation.) This structure is intended to prevent the stent from closing up when

placed in a bent part of a blood vessel. (Page 4, second-to-last paragraph of

translation.)

The Wolff rejection of Claim 54 apparently relies on the same general

dictionary definition of “juxtaposed.” In contrast to a meaning of the term

“juxtaposed” properly based on Applicants’ disclosure, Wolff shows a hinge 14 that

is interposed between ends of stent segments 12 to maintain spacing between

adjacent segments (col. 1, lines 45-52). These hinge 14 components act as a

bridge separating the spaced stent segments. (Column 3, lines 55-62.)
Claim 56

Claim 56, rejected under § 112, first paragraph, recites, in part:

the vertices of each hoop pointed in the axial direction lie in a common

plane perpendicular to the longitudinal axis of the tubular member.

Para. 6, p. 3 of the present Office Action states

Claims 56-57 recite “the vertices of each hoop pointed in the axial

direction lie in a common plane perpendicular to the longitudinal axis
of the tubular member” which is not disclosed in the specification. The
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specification only provides support for the phrase “substantially

perpendicular.” (emphasis in original)

Para. 2, p. 2 of the present Office Action also states that the specification

does not provide support for the limitation “the vertices of egcp hoop

pointed in the axial direction lie in a common plane perpendicular to
the longitudinal axis of the tubular member." The specification only

provides support for “substantially perpendicular." (emphasis in

original)

It is respectfully submitted that Applicants’ specification clearlysupports an

embodiment in which eglj hoop is perpendicular.

For example, page 68, lines 7-8 (Abstract) refers to “an endoluminal stent

having perpendicular hoop members." (emphasis added) Also, page 44, lines 19-23

describes axially aligned stent segments

each of the requests [sic] comprising one or more adjacent hoops,

perpendicular to a common axis. . . . (emphasis added)

The specification therefore has support for “perpendicular” without the term

“substantially.”

As indicated above, page 68, lines 7-8 refers to “an endoluminal stent having

perpendicular hoop members.” This phrase refers to “hoop members," rather than a

single hoop member. Also, page 44, lines 19-23 states that “each” of the stent

segments comprises one or more adjacent hoops that are perpendicular to a

common axis. Finally, the figures illustrate embodiments in which all hoops are

oriented in this manner. The application therefore has support for “each” hoop

having vertices that lie in a common plane perpendicular to the longitudinal axis.

Conclusion

In view of the foregoing, it is respectfully submitted that the rejections of

claims 54 and 56 are legally deficient and should be withdrawn. A Notice of

Allowance is therefore respectfully requested.

Alternatively, it is submitted that the rejection should be re—evaluated and a

new Office Action should be issued that is consistent with recent legal requirements

of the U.S. Court of Appeals for the Federal Circuit.
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of the notice of appeal, as applicable.
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Claim(s) allowed: .

Claim(s) objected to: 27-30.

Claim(s) rejected: 20 22-25 31-33 39 41 43-49 and 54-57.
Claim(s) withdrawn from consideration:

 

3. El Allowable application - A conference has been held. The rejection is withdrawn and a Notice of
Allowance will be mailed. Prosecution on the merits remains closed. No further action is required by
applicant at this time.

4. El Reopen Prosecution — A conference has been held. The rejection is withdrawn and a new Office

action will be mailed. No further action is required by applicant at this time.

All participants:

(1) Corrine M. McDermottg:»~'/Q @4"'~— (3)WiIIiam Matthews. \

(2) _J2vgtEs_axr_e:;. E;§~z~S§7é— (4)_.._.
U.S. Patent and Trademark Office ‘ Part of Paper No. 20070321
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Bax I450
Alexandria. Virginia 22111-1450
www.uspt.a.g0v

 
CONFIRMATION N0.APPLICATION NO. FILING DATE FIRST NAMED FNVENTOR ATTORNEY DOCKET NO.

09/977,826 I0/15/2001 George Goicoechea BS!-OIOUS4 4645

7590 05/04/2007 A

Ratner&Prestia I
One Westlakes, Berwyn, Suite 301 ' MATTHEWS, WILLIAM H

P.O. Box 980 ' A T MBER
Valley Forge, PA 19482 . “T “M ‘’*‘‘’E‘‘ N” V

3738

MAIL DATE DELIVERY MODE

05/04/2007 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding. -

The time period for reply, if any, is set in the attached communication.

PTOL—90A (Rev. 04/07) 1043



1044

' 0N

Application No. Applicant(s)

Interview Summa 09/977,826 GOICOECHEA ET AL.
ry Examiner Art Unit

William H. Matthews (Howie) 3738

Ail participants (applicant, applicant's representative, PTO personnel):

(1) William H. Matthews (Howie). (3) .

(2) Stanle Weinber . (4)__.

Date of Interview: 24 April 2007.

Type: a)Xl Telephonic b)l] Video Conference
c)l:] Personal [copy given to: 1)|:] applicant 2)l:] applicant's representative]

Exhibit shown or demonstration conductedf d)lj Yes e)lXI No.
If Yes, brief description: .

C|aim(s) discussed: none.

Identification of prior art discussed: none.

Agreement with respect to the claims f)|j was reached. g)El was not reached. h)lXI N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: Discussed the reasons for panel decision.

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims

allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE

INTERVIEW. (See MPEP Section 713.04). If a reply to the last Offlce action has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS

INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO

FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

2%“
WILLIAM H. MATTHEWS

PRIMARY EXAMINER

TECHNOLOGY CENTER 3700

Examiner Note: You must sign this form unless it is an

Attachment to a signed Office action. Examiner's signature, if required
US. Patent and Trademark Office

PTOL-413 (Rev. 04-03) Interview Summary ' Paper No. 20070424

1044
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Summary of Record oflnterview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview. -

Title 37 Codeof Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b) -

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 USC. 132)

- 37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants ortheir attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility ofthe applicant or the attorney or agent to make the substance of an interview of récord in the application file, unless
the examiner indicates he or she will do so. it is the examiner's responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate interview Summary Record is required.

The interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
"Contents" section of the file wrapper. in a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) atthe
conclusion of the interview. in the case of a telephone or video-conference interview, the copy is mailed to the applicants correspondence address
either with or prior to the next official communication. if additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:
— Application Number (Series Code and Serial Number)
- Name of applicant
— Name of examiner
— Date of interview

—— Type of interview (telephonic, video-conference, or personal)
- Name of participantts) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
~ An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed
— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to ailowability is tentative and does
not restrict further action by the examiner to the contrary.

— The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

it is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the interview Summary Fonn will not normally be considered a complete and proper recordation ofthe interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

interview Summary Form completed by the Examiner, .
5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification ofthe arguments is sufficient if the general nature or thrust ofthe principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

if the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the
statement attributed to him or her. if the record is complete and accurate, the examiner should place the indication, "interview Record OK” on the
paper recording the substance of the interview along with the date and the examiners initials.
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\ PTOISBIZ1 (09-04) (AW 10t20O,I4)
Approved for use through 7/31/2006. OMB 0651-00_31

U.S. Patent and Trademark Office: US. DEPARTMENT OF COMMERCE

Und - the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control nugberl

Application Number 091977.325

Filing Date 10«'15f2001
F0 First Named in ventor George GOICOBCNB

(to be used for all correspondence after initial filing)
Art Unit 3735

Examine, Name William H. Matthews

Total Number of Pages in This Submission Anomey Docke‘ Na BSHNOUS4

 
 

 

ENCLOSURES {Check all that apply)

  

 
 

Fee Transmittal Form

D Fee Attached

Drawing(s)  

 
 

After Allowance Communication
to TC

 Licensing-related Papers '
Appeal Communication to Board
of Appeals and interferences 

 
  

 Amendment./Reply Petition

D After Final

El  
 

  
  
 
 

 
  

petition to cor-wen to 3 Appeal Communication to TC

D Amd3V"5’De°I3’a“°”(5) Provisional Application IAPPe33 "Nice. Brier. RBPIY
Brief)

  Power of Attorney, Revocation,
Change of Correspondence
Address

 
 

 
 

Extension of Time Request
 
 
 

Proprietary information

 Express Abandonment Request Stams Lane’  Terminal Disclaimer

 
  

 
  

ECIEICICID
Other Enclosure(s) (please
identify below): 2 pg.
PTOlSBl08a-08b; 10 ,
references; 3 Japan Patent
Office Communications; PTO-
2038; post card receipt

 Information Disclosure Statement Request for Refund

 

  

DUE]DCIEIDU
CD, Number of CD(s)

E] Landscape Table on CD
 
 

Certified Copy of Priority DocumenI(s)
 

 

  
 

  
 
  
 

CICIEDEI
Response to Missing Partsl
Incomplete Application

Response to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY OR AGENT

  
 

 
 

  
 

RatnerPrestia

. ‘l I \
smnature
Printed Name Stanley Weinberg ‘

@ 7/12:o7 Registration No. 25,276

CERTIFICATE OF TRANSMISSION I MAILING

thereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with sufficient

postage as first class mail in an eeaddressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on the date shown below:

['0ALA...
Typed or Printed Name Denise Morgan

Firm Name

 
 

 

  
 

 

 

 
  

 
   

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to tile (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 2 hours to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case.
Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information
Office, U.S. Patent and Trademark Office, U.S. Department of Commerce, PO, Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS, SEND TO: Commissioner for Patents, P.0. Box 1450, ALEXANDRIA, VA 22313-1450.

If you need assistance in completing the form, call 1-E00-P TO-9199 and select option 2.
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PTOlSBI17 (12-U4v2) (AW 1/2005)
Approved for use through 7/31/2006. OMB 0651-0032

U.S. Patent and Trademark Ollice: U.S. DEPARTMENT OF COMMERCE

 
 

 
 

 

Effective on 12/08/04.
ant to the Consolidated Appropriations Act. 2005 (HR. 4818).

FEE TRANSMITTAL

For FY 2007

D Applicant claims small entity status. See 37 CFR 1.27

complete I! Known

Application Number 09977-525

Filing Daie 10115/2001

First Named Inventor Ge°'9e G°Ic°e°h3

Wm H» mews
Anunn

738

TOTAL AMOUNT OF PAYMENT ($) 130 Attorney Docket No. BS1-010US4 ,

METHOD OF PAYMENT (check all that apply)

[:I Check IE Credit Card [:I Money Order C] None C] Other (please identity):

[8 Deposit Account Deposit Account Number: 18-0350 Deposit Account Name: RatnerPrestia

 

 

 

 
 
  

  
 

  
  
  

  
  
 

Forthe above-identified deposit account, the Director is hereby authorized to: (check all that apply)

|_'_] Charge tee(s) indicated below I ['_'l I,Charge ree(s) indicated below, except forthe filing fee

E Charge any additional tee(s) or underpayment ot tee(s) ' Credit any overpayments
under 37 CFR 1.16 and 1.17

WARNSNG: Information on this form may become public. Credit card Information should not be included on this form. Provide credit card information and
authorization on PTO-2038.

FEE CALCULATION

1. BASIC FILING, SEARCH, AND EXAMINATION FEES

 

  

 
  

  

  
  
 
 

 FILING FEES SEARCH FEES EXAMINATION FEES

Small Entity Small Entity Small Entity

Application Type Fee (5) Fee (5) Fee (5) Fee (5) Fee (5) Fee (5) Fees Paid (5)
Utility 300 150 500 250 200 100 __

Design 200 100 100 50 130 65 __
Plant 200 100 300 150 160 80 __
Reissue 300 150 500 250 600 300
Provisional 200 100 0 0 0
      

0

  

  
  
  

  

 
 

  2. EXCESS CLAIM FEES Small Entity
Fee Description Fee (5) Fee (§)
Each claim over 20 (including Reissues) 50 25
Each independent claim over 3 (including Reissues)‘ 200 100
Multiple dependent claims 360 180

Total Claims Extra Claims Fee (5) Fee Pald (5) Multiple Dependent Claims
- 20 or HP = x = Fee (5) Fee Paid (5)

HF‘ = highest number of total claims paid for, if greater than 20
lndeg. Claims Extra Claims Fee (5) Fee Paid (5)

- 3 or HP = x =
HP = highest number of independent claims paid for, if greater than 3

3. APPLICATION SIZE FEE

it the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer listings under 37 CFR 1.52(e)),
the application size lee due is $250 ($125 for small entity) for each 50 sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.1G(s).
Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Fee (5) Fee Paid (5)

-100 = /50 = (round up to a whole number) x =

 
  

  
 

  
 
 
  

 

 OTHER FEE(S)
Non-English Specification, $130 fee (no small entity discount)
Other (e.g., late filing surcharge): Submission of IDS

H ‘J . H Registration No. AttorneyfAgent) 25,276 Telephone 610-407-0700

Name (Pn'nt!Type) Stanley ‘- inber  7/1210?
This collection of information Is required by 31 CFR 1.136. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take
30 minutes to complete, Including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending
upon the individual case. Any comments on the amount of time you require to complete this form andfor suggestions for reducing this burden,
should be sent to the Chief information Officer, U.S. Patent and Trademark Ofllce, U.S. Department of Commerce, PO. Box 1450, Alexandria, VA
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

 

 

  
  

it you need assistance in completing the form, call 1~800-PTO-9199 (1-800-T86-9199) and select option 2.
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BSI-0 IOUS4 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

09/977,826

Applicant: George Goicoecha

Filed: October 15, 2001
Title: Endoluminal Stent

TC/A.U.: 3738
Examiner: William H. Matthews

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Pursuant to 37 C.F.R. §§ 1.97 and 1.98 and to the duty of disclosure set forth in

37 C.F.R. § 1.56, the Examiner in charge of the above-identified application is requested to

consider and make of record the documents listed on the PTO/SB/08a and PTO/SB/08b forms

submitted herewith. Copies of the documents listed on the PTO/SB/08a and PTO/SB/08b forms

are enclosed.

Although the information submitted herewith may be "material" to the Examiner's

consideration of the subject application, this submission is not intended to constitute an

admission that such information is “prior art" as to the claimed invention.

In accordance with 37 C.F.R. § 1.97(g), the filing of this Information Disclosure

Statement shall not be construed to mean that a search has been made.

Based on a communication from the Japanese Patent Office in Japan Application

No. 2004-335171 dated April 24, 2007, English language EP 0 565 251 A1 (a copy of which is

enclosed with this submission) is believed to correspond to JP H06—7454; English language WO

91/17789 (a copy of which is enclosed with this submission) is believed to correspond to JP

H05-509008; and English language EP 0 357 003 A2 (a copy of which is enclosed with this

submission) is believed to correspond to JP H02-68052.

Based on a communication from the Japanese Patent Office in Japan Application

No. 2006—104574 dated May 15, 2007, English language WO 90/15582 (a copy of which is

enclosed with this submission) is believed to correspond to JP H04-500328.
_ 1 _

07/17/207 EHREBRYI 00000010 09977626

01 FC:1B€lE. 135433 up
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BSI-010US4 PATENT

Based on a communication from the Japanese Patent Office in Japan Application

No. 2006-104577 dated May 15, 2007, English language EP 0 346 564 A1 (a copy of which is

enclosed with this submission) is believed to correspond to JP H02—167178.

S]ATEflENI UNDER 37 c.i=,3, § 1.97(e)

The undersigned hereby states that

IE each item of information contained in the Information Disclosure Statement was

first cited in any communication from a foreign patent office in a counterpart foreign application

not more than three months prior to the filing of the Information Disclosure Statement.

[:1 no item of information contained in the Information Disclosure Statement was

cited in a communication from a foreign patent office in a counterpart foreign application, and,

to the knowledge of the person signing this statement after making reasonable inquiry, no item

of information contained in the Information Disclosure Statement was known to any individual

designated in 37 C.F.R. 1.56(e) more than three months prior to the filing of the Information

Statement.

The required fee set forth in 37 C.F.R. § 1.17(p) is provided herewith.

Respectfully submitted,

Joshua L. Eghen, Reg. No) 38,040
Stanley Weinberg, Reg. No. 25,276

Attorneys for Applicants

JLC/SW/dhm

Enclosures: PTO/SB/08a and PTO/SB/08b

(10) References

(3) Japan Patent Office Communications

Transmittal Form _
Credit Card Payment Form
Fee Transmittal

Dated: July 12, 2007
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IX] P.O. Box 980

Valley Forge, PA 19482

3 (610) 407-0700
§...._..._......__.__.__._...._.__......_........_.

= Cl P.O. Box 1596
Wilmington, DE 19899

(302) 778-2500
 

The Director is hereby authorized to charge I hereby certify that this correspondence is being deposited
or credit Deposit Account No. 18-0350 for any with the United States Postal Service as first class mail,
additional fees, or any underpayment or credit with sufficient postage, in an envelope addressed to:
for overpayment in connection herewitn. Commissioner for Patents, P.O. Box 1450, Alexandria, VA

223134450on:

July 12 7
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PTO/SBI08a (07435) (TMB o7/zoos)

Attorney Docket No. BSI-010US4

 

 
 

 

 
 
 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
(Use as many sheets as necessary) 

 

 
  

SHEET 1 of 2
 

U.S. PATENT DOCUMENTS

Document Number Pages, Columns, Lines, Where

2 (if known) Publication Date Name of Patentee or Relevant Passages or Reievant
Number - Kind Code (MM—DD~YYYY) Appllcant of Cited Document Figures Appear

 
 

 

FOREIGN PATENT DOCUMENTS

 

 
 

Pages, Columns,
Llnes, Where Relevant

Examiner mm Publication Date Applicant of Cited Passages or Relevant
Initials‘ . C°“'“"Y C°d°: ' Numbel‘ ' K‘"d C°d°5(m"°m) (MM-DD-YYYY) Document Figures Appear

--—IEI
—-_IEI
2-—I§I
2-—I§I
—-—I§I
_-—I§I
2-_-
_-—1

JP H02-68052 03/07/1990 Corvita
Corporation

EP 0 357 003 AZ 03/07/1990 Corvita
‘ Corporation

Examiner Date
Si nature Considered

‘EXAMINER: initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. include copy of this form with next communication to Applicant.

‘Applicant's unique citation designation number (optional).
‘See Kind Codes of USPTO Patent Documents at yyxvig(,usp;o_.gQy or MPEP 901.04.
‘Enter Office that issued the document, by the two-letter code (WIPO Standard St.3).
‘For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
‘Kind of document by the appropriate symbols as indicated on the document under WlP0 Standard ST.16 if possible.
‘Applicant is to place a check mark here if Engiish language translation is attached. '

The collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This coilection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggations for reducing this burden, should be sent to the Chief information Officer, US. Patent
and Trademark Office, US. Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the fomi, call 1-800-PTO-9199 (1-B00-786-9199) and select option 2.

 
 

Foreign Patent Document Name of Patentee or 
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PTOISBIOBD (07-05) (TMB 0?/2005)

Attorney Dockel No. BSI-010US4

 
 
 
 

 

 

 
 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
(Use as many sheets as necessary) 
 
  

SHEET 2 of 2
 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
Examiner magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials‘ country where published

--Notice of Reasons for Rejection of Japan Patent Application No. 2004-335171 dated April 24, 2007 E
--Notice of Reasons for Rejection of Japan Patent Appiication No. 2006-104574 dated May 15, 2007 E
-- Notice of Reasons for Rejection of Japan Patent Application No. 2006-104577 dated May 15, 2007 E

Examiner Date
Signature Considered

‘EXAMINER: initial if reference considered, whether or not citation is in confonnance with MPEP 609. Draw line through citation if not in confonnance and not
considered. Include copy of this form with next communication to Applicant.

‘Applicant's unique citation designation number (optional).
‘Applicant is to place a check mark here if English language translation is attached.

The collection of information is required by 37 CFR 1.98. The information is required to obtain or retain a benefit by the pubiic which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 120 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2313-1450.

If you need assistance In compferlng the fomi, call 1-800-PTO-9199 (1-800-786-9199) and select opuon 2.
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Compressive stent and delivery system.

@ A cylindrical shaped stent (100) to prevent arte-
rial acute closure and subsequent restenosis is in-

serted immediately after a balloon angioplasty pro-

cedure as an extension of this procedure. The cyl-
inder is formed of longitudinal wires of biocompatible
metal. The wires (10) are welded together in pairs at
alternate ends with each pair of wires bent into a V-

section. The wires (10) are all formed into a cylinder
welded closed to form the stent. The stent is com-

gpressed and loaded into an outer catheter by a
Lnspecial tool. The stent is positioned and released for

‘Dselt expansion in situ by an inner catheter. A guide
' through both assists in threading the catheters

wwire . _
gqthrough blood vessels. This guide wire can be the

asame one used in the prior balloon angioplasty if
desired. An optional guide catheter encloses and

D.directs the outer catheter to a point adjacent to the

l-“site. The stent (100) itself may be radlopaque or
radiopaque markers on the distal ends of the inner

and outer catheter can be provided and the
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radlopaque material detected by an external fluoro-

scope or x-ray to determine when the stent is at the
desired prior balloon angioplasty site to position the
stent property. Hemostasis valve connectors at the
proximal ends of the inner and outer catheters con-

trol bleeding. and permit iniecting radlopaque dye or

other therapeutic agents at the stent site. The he-
mostasis valves also permit relative adjustment of

the various catheters necessary for releasing the
stent (100) within the artery.
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COMPHESSIVE STENT AND DELIVERY SYSTEM

TECHNICAL FlELD

The present invention relates to an in-

travascular stent which can be applied‘ within the

peripheral or coronary arteries of living animal or
human being to maintain patency after a balloon

angioplasty, either a percutaneous transluminal

coronary angioplasty (PCTA) or a percutaneous
transluminai angioplasty (PTA) procedure. The

stent comprises. a tubular shaped structure made

up of individual wires welded together which can
be compressed along the axis to a smaller tubular
diameter to fit within an outer catheter to hold the

stent compressed. which is used along with an

inner catheter to release the stent and a guide wire
which are used after a balloon angioplasty to insert.
position and fix the stent permanently at the an-
gioplasty site to prevent acute reocclusion and
subsequent restenosis. The construction of the
stent is such that the dimensions and material of

the device can be selected to provide a given
radial force against the interior of the artery ade-
quate to maintain the shape of the vessel against
any force tending to close it. These closure forces
include not only acute reciosure due to intlmai

dissections, flaps and spasm but also plaque re-
stenosis. The. latter is prevented or slowed by neo-

intimai overgrowth on the stent itself. The length of
the stent can also be varied or more than one stent

can be used at a single location to accomodate
curvature and other unusual arterial characteristics.

Ftadiopaque marker material on the end of the

inner and outer catheters permits locating the stent
at the desired site by external monitoring or the

stent itself can be made of radiopaque material.

Background g

In U.S. Pat No. 4.553.545 a device which can 1-

be expanded after insertion in a blood vessel by

rotating a wire coil about its length to reduce the
number of turns and thereby increase the diameter

is disclosed. in US. Pat No. 4.503.569 a helically

wound coil is formed of a memory Nitinol alloy

which has a transition temperature in the range of
115 degrees to 125 degrees Farenheit. After place-
ment in the vessel this coil is heated to regain its .

original larger shape. These approaches require
either heat or mechanical forces to be applied to
the apparatus. in order to expand the stent at the

site. with the result lng trauma to the body.

in US. Patent 4,580,568 a stent is formed of
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stainless steel wire of 0.018 inches diameter ar-

ranged in a closed zig-zag pattern. The stent is

compressed to reduce its size in order to position it
within a sheath. which is used to locate the stent

within the vascular system. A fiat-ended ‘catheter is

used through the sheath to hold the stent in place
in the passageway while the sheath is withdrawn,

allowing the stent to expand into its original shape

to hold the passageway open and enlarged. Ac-
cording to the specifications the only energy stored

in this stent to restore it to its original shape is
stored in the bends.

This device and delivery system suffers from a

number of severe limitations and problems. Fash-
ioning the stent from a continuous wire folded in a

zlg-zag fashion requires a sharp bend in the wire at

each end of the stent to form this shape. A wire

can only be bent at a ratio which is some multiple

of the wire diameter. The exact multiple will vary
according to the property of the material. The ex-
ample cited in the patent as claimed uses a wire of

0.018 inches In diameter which is equivalent to
0.04572 centimeters and a bend ratio of no more

than 0.2 centimeters. This is a ratio of approxi-

mately 1 to 4.37. Since the wire is bent to form the
zig-zag shape there must be some angle formed
between adjacent legs which limits the minimum

spacing between these legs. A large amount of
force is necessary to compress the stent when the
stent is short slnce'energy is-only stored in the

bends. if the stent is made relatively short in length
with respect to the diameter then the amount of
force necessary to bend the wires in order to

compress the stent becomes large. This again is

because the bends are the only place that energy

is stored. Only if the stent is made relatively long
with respect to the diameter is the force required to
hold a vascular vessel open reduced. The claims

specified stents of specific sizes 5.5 cm long x 4
cm diameter fully expanded and 3.0 cm long x 2.5
cm diameter fully expanded. This relatively long
length and diameter results in forces which are

compatible with the vascular system but can obvi-

ously only be used in very large peripheral arteries
and veins. Another effect is the absolute minimum

size to which the stent can be compressed. As

mentioned earlier the angular relationship between
adjacent wires at the ends limits the minimum

spacing between adjacent wires which in turn limits
the minimum diameter of the stent to a size which

is incompatible with coronary arteries and like siz-
ed vessels.

in addition. since the diameter of the wire and

the material composition is continuous throughout

its length. these parameters are not varied to pro-
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vide different characteristics at the bends vs. the

straight section of the zlg-zag. Since only the ma-
terial in the bends themselves are involved in stor-

‘ ing energy the characteristics of the bends versus
the straight sections are not necessarily compatible
for all of these requirements in particular when the

additional necessity for utilizing a bio-compatible
material is added. Further, to complete and close

the zig-zag pattern made up of a single wire a
sleeve must be placed over the two ends to con-

nect them together which results in an anomoiy at
the point.

.We have taken an entirely different approach to
the problem to avoid these inherent limitations of

the previous system by using individual parts weld-

ed together to avoid the necessity for a bend in the

material completely. This overcomes all of the limi-
tations and restrictions enumerated above. Our

stent is adaptable for use in coronary arteries with
their extremely small diameter where the other

approach because of the bend diameters results in

a stent which cannot be reduced to the required
coronary size. unless a far fewer number of wires
are used. it far fewer numbers of wires are used.

this greatly limits both the force applied to and the
surface coverage of the vessel wall.

The delivery system has no means of locating
the position of the stent relative to the stenosis site

trom the exterior of the body. No guide wire is
used and in use the stent _ls inserted from the

proximal end of the catheter.

Summary of the invention

The present invention is characterized by a
prothesis stent which is useful in conjunction with a
balloon angioplasty, either a percutaneous tran-
sluminal coronary angioplasty (PCTA) or a per-

cutaneous transluminal angioplasty (PTA) of dis-
eased coronary arteries or any other larger arteries
to prevent acute reclosure or restenosis of the

artery after the procedure. The stent is applied

immediately after the balloon angioplasty as an

' extension of the procedure. The stent is in the tom
of an open ended tube formed by a set of angled

wires which are welded together at the ends result-
ing in an offset angle, then formed into a tubular

shape and the end wires welded together. Using

this construction the wires are connected obliquely
from one end to the opposite end. The wires are

made of spring material which can be bent closer

together to form a smaller diameter tube and will

store energy in the straight segments. but when the
compressive force is removed the wires will be

urged by the force from the oblique wires to self

expand to the original tubular diameter. This restor-

ing force must be adequate to maintain the artery

1064
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in an expanded position as well as resist all other

forces tending to close the artery. The stent struc-

ture chosen results in a small percentage of this
structure supporting the ‘artery to allow tissue over-

growth of a neointimal lining to prevent or retard
restenosis from the plaque or other fibrotic

growths. The stent is inserted percutaneously using
an outer catheter to enclose and compress the
stent. and an inner catheter which has the same

size and the same diameter as the compressed

stent to release the stent. A guide wire through the
inner catheter assists in positioning the stent at the
stenosis site while an optional guide catheter over

the outer catheter aids in inserting the inner and

outer catheters Into“ the artery. The guide wire can
be the same guide wire used in the previous bal-
loon angioplasty.

The location of the stent itself is determined by
monitoring radiopaque markers on the catheter

ends using a fluroscope or similar device to permit

locating the stent at the proper site. The stent itself
can also be made of radiopaque material. such as

platinum or platinum irridium to readily permit lo-

cating the stent at the stenosis site using the same

fluroscope techniques. The stent ensures patency
and prevents acute reocciuslon and restenosis at
this location.

Brief Description of is Drawings

Fig. 1 is a front view of the individual wires
aligned for attachment.

Fig; 2 is a front view of individual wires
welded together.

Fig. 3 is a front view of the welded wires
bent prior to being formed into a cylinder.

Fig. 4 is a side view of the stent.

Fig. 5 is a schematic representation of Fig. 4
taken along 5-5.

Fig. 6 is a schematic representation of Fig. 4
taken along B-6.

Fig. 7 is a longitudinal-section of an artery
with inner catheter. outer catheter, guide wire and

loaded stent before placing stent in artery. _
Fig. 8 is the view of Fig. 7 after placing stent

in artery by retracting outer catheter and releasing
the stent.

Fig. 9 shows the inner and outer catheters

and guide wire assembled together with the Y-
connecter hemostasis valves and guiding catheter.

Fig. 10 Is a cross-section view of the stent

loading tool in position for loading the stent into the
outer catheter.

Fig. 11 is the cross-section view of Fig. 10
with the stent loaded into the outer catheter.
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Description of E2 Preferred Embodiment

Referring to Fig. 1. individual wires 10 making
up the device are shown before bending and shap-

ing. in Fig. 2 welds 12 are shown connecting
alternate ends of wires 10. The wires used can be

any of the biocompatible metals. Biocompatible
metals include some 300 series stainless steels,

such as 316LSS. platinum and platinum-lrridium

alloys. certain cobalt-chromium alloys such as

MP35N, and unalloyed titanium. The welds typi-
cally range in length from 1 to 2 millimeters for

coronary artery applications. As an example. a

Nd/YAG laser can be used at approximately 5
watts power to accomplish this weld although it is
also possible to use other weld processes here
such as resistance welding.

in Fig. 3 bends 14 in the wires 10 form a "V"

at each weld 12. Twelve of these wires 10 shaped
and welded together as shown in Fig. 3 are shown

in Fig. 4 formed into a cylindrical configuration to
form a tubular shaped stent 100 with cylinder com-
pleted by welding together the end wires. Bends
14 can be set after wires 10 are welded as illus-

trated in Fig. 3 or can be set before the weld. in

either case the wires are spaced apart by these

bends such that only a small percentage of the
cylinder surface area. on the order of 10 to 25

percent. is made up of metal. The advantages of
this minimal metal surface area will be discussed
later. ‘

This method of forming stent 100 permits utiliz-

ing any desired wire with any required characteris-

tics since the ends of the wires are simply welded
together. As an alternative, wires 10 can be bent to

the desired angle, the bent wires formed and held
into a cylinder shape. and the total structure weld-

ed closed using simple jigs and fixtures. The vari-
ables permitted by this approach include wire size,

material used. wire length, weld Iength. the angle of
bend and the cylinder diameter. For coronary ar-
teries wires as small as 0.004 inches in diameter

can be used with wire lengths which range from 4
to 15 millimeters and stent diameters of from 2 to 5

millimeters. The number of wires used in such ‘

coronary stents can vary from 8 to 16 over the

range of stent diameters. These extremely small

sizes which are necessary for coronary artery ap-
plications. can be readily manufactured and tailored

for any desired coronary artery requirement. These

ranges of wire size and stent size permit the exter-

nal metai surface area of typically 10 to 25 percent
of the total cylinder area stated above.

The larger peripheral arteries can utilize a wire

diameter of .006 to .016 inches with a length of 10
to 25 millimeters and a stent diameter of 5 to 15
millimeters. The number of wires used here will

vary from 8 to 16 over the range of stent diam-’
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eters.

in Fig. 4 a side view of stent 100 is shown.
This illustrates the tubular shape which the individ-

ual wires 10 form. Fig. 5 shows the uniform spac-
ing between pairs of wires 10 at the ends where

the wires are welded together while Fig. 6 shows
the uniform spacing between the individual wires at

the center of the stent length.
in Figs. 4, 5. and 8 stent 100 is shown com-

pletely unrestrained with wires 10 at their maximum

separation storing no energy. in Fig. 7, stent 100 is
shown compressed and enclosed within an outer

catheter 16 with a guide wire 18 threaded through
the longitudinal axis of stent 100. Stent 100 is sized

such that the wire 18 will readily pass through the
stent when it is compressed. An inner catheter 20
is sized to fit within outer catheter 16 but is sized

and of materials such that inner catheter will readily

slide within the outer catheter. Radlopaque markers
22 at the ends of both inner catheter 20 and outer

catheter 16 provides a capability of determining the
location of these catheters by using x-ray excitation

and a liuoroscope monitoring device external to the
body. An optional guide catheter 21 encloses outer
catheter 16. All of these items are inserted within

an artery’28, as will be described later. Artery 28
has a stenosis site 30 which encircles the artery. In
Fig. 8 stent 100 is shown released from outer

catheter 16 supporting stenosis site 30. The equip-
ment and procedure used to accomplish the re-
lease of stent 100 at stenosis site 30 will be descir-
bed later.

In Fig. 9 the assembly of inner catheter 20.

outer catheter 16, guide wire 18 and guide catheter
21 are shown. Standard Y-connector hemostasis

valves 24 and 26 in conjunction with respective

valve adjuster caps 25 and 27 control bleeding.
Hemostatis valve 24 has a centered hole sized to

permit inner catheter 20 to slide through. Hemosta-
sis valve 26 has a centered hole to permit outer
catheter 16 to slide through. Hub 23 has a centered

hole sized to permit guide wire 18 to slide through.
This arrangement permits inner catheter 20 and
outer catheter 16 to slide relative to each other.

whenever caps 25 and 27 are loosened which frees

respective O-ring in each. not shown, from a closed

position to permit the adjacent parts to slide. After

the adjustments are made caps 25 and 27 are

again tightened which again closes the O-rings
against the adjacent parts which again prevents
relative movement and seals against blood loss.
Guide catheter 21 encloses outer catheter 16 and

is secured to hemostasis valve 26 by proximal hub
26A.

in use a balloon angioplasty procedure is per-
formed on the artery 28 shown in Fig. 7 to expand.

remodel. or enlarge the vessel lumen through
stenosis site 30. Guide wire 18 and guide catheter
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21 can be the same items used in the balloon

angioplasty and left in place to guide outer catheter
16. After the balloon angioplasty procedure then

guide wire 18. inner catheter 20. outer catheter 16

and stent 100 are assembled as shown in Figs. 7
and 9 and located within artery 28 with the stent
previous loaded in the end of the outer catheter.

and the inner catheter bearing just proximal to the
stent with the outer catheter enclosed in guide

catheter 21. as shown in Fig. 9. The method of

loading stent 100 in this fashion will be described
later. All of these parts are previously sterilized

then threaded through the vessels in the same
manner and using the same path as that used for

the balloon angioplasty procedure while monitoring
the location of radlopaque markers 22 by illuminat-

ing the site by x-ray and observing the markers by
a fluoroscope adjacent to the site. The stent 100. if

made from one of the radlopaque ‘materials. can
also be monitored to determine its location.

Guide wire 16 is run inside inner catheter 20
and both the inner and outer catheter 20' are locked

together at their proximal ends during the insertion
and location of stent 100 at the stenosis site by

tightening valve caps 25 and 27 as discussed ear-

ller and illustrated in Hg. 9. Since inner catheter 20
bears against the proximal end of stent 100 as

shown in Fig. 7, this will insure that the stent is

held in the same relative position with respect to
locked catheters 16 and 20 during this insertion
and location of stent-100 within stenosis site 30.
The distance from the end of inner catheter 20 and

outer catheter 16 to stent 100 is known. conse-

quently the location of the distal end of the stent
can be determined. Further, as discussed earlier. if

stent 100 itself is made radlopaque. it can readily

be located by a fluoroscope. Guide wire 18 being
more flexible than catheters 16 and 20 is used to

steer the catheters into the artery. Guide catheter

21 is previously positioned just adjacent to the
artery. and the remainder of the assembly slid

through the guide catheter to complete the proce-
dure. A fluoroscope adjacent to patlent's body in-
dlcates when stent 100 is located adjacent stenosis

site 30 in the position shown in Fig. 7. Then valve
cap 25 is loosened, inner catheter 20 held in posi-
tion by hub 23 and valve 24 moved proximally to
withdraw outer catheter 16 from about the inner

catheter until the stent is released as shown in Fig.

6. During this process inner catheter 20 holds stent
100 in place as outer catheter 16 is withdrawn.
when stend 100 is released from outer catheter 16

the stent will self expand as shown to support and
iixate against the area of stenosis site 30. After
stent 100 is released then the entire assembly is

withdrawn leaving only the stent in place within the

vessel. This simple procedure requires only the

same general catheterizatlon techniques as the bal-
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ioon angioplasty to locate stent 100 at the stenosis
site.

Placement of stent 100 is thus a complimen-

taryprocedure to a balloon angioplasty which ‘is
performed during the same catheterization and

which lengthens the balloon angioplasty procedure

by only__a few minutes. This brief extension of time
results in this procedure being well tolerated by the

body. when stent 100 expands it bears against the
interior wall of the vessel at stenosis site 30 to

provide a radial outwardly directed force in all
directions.

This force has two major effects. One effect is

to hold the vessel open against any inner directed
force, such as spasm, and essentially tacks up
intimal flaps or dissections generated by prior bai-

loon angioplasty to assure the patency of the ves-
sel. This force is tailored by a selection of the

parameters which were discussed earlier. The sec-

ond effect of this force is to securely fixate wires
10 within the interior wall of vessel 28. This second

effect will assist in the early regeneration of tissue
overgrowth or neointima over the wires 10 of stent

100 making restenosis less likely. The small per-

centage of metal "surface area. noted earlier, per-
mits this early regeneration. and also aids in pre-
vention of acute closure due to thrombosis.

As mentioned earlier. the spring force devel-

oped by wires 10 is tailored for the given proce-
dure. The force must be sufficient to maintain ar-

tery 28 fully open and to also resist vasoconstric-

tive forces. spasm and the possible progressive
development of an additional plaque buildup at the
location of stenosis site 30. The force must not be

excessive beyond these requirements however to
avoid traumatization of the vessel wall.

The diameter of stent 100. when squeezed to
fit within outer catheter 16, is reduced from two to

six times in size. This range of size adjustments

plus the variation in spring constant possible per-
mits the adjustment of the expansion forces to the
amount desired.

As mentioned, typical sizes for stent 100 have
a range from a minimum external diameter of 2 to

4 millimeters whenvcompressed to fit within outer
catheter 16 to 5 to 15 millimeters when released

within a large arterial vessel, to a range from a
minimum external diameter of 1 to 1 1/2 millime-

ters when compressed within outer catheter 16 to 2

to 5 millimeters when released within the coronary
arteries.

The length of stent 100 is likewise adapted to

the length of the stenosis, which may be quite
variable from one case to the other, but should

always be longer than the stenotic segment. To
make the applications of stent 100 more flexible. in

case of tortuosltles or anguiatlons of the vessel at
or before the plaque or lesions site. the stent can
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be made shorter than the stenosls with two or more

stents placed_ln series to each other at the curved
vessel site or in outer catheter 10 so that an

angulation of the catheter can be obtained at the
point between the end-to-end stents.

in order to load stent 100 into outer catheter 16

a special generally cylindrically shaped tool 32 is

utilized. Tool 32, shown in ‘cross section in Fig. 10.
has a flared opening 34 extending inwardly from
one end of the cylinder‘ and a circular bore 35 from
the outer end with a flat 38 between the two. Outer

catheter 16 is inserted within tool 32 to the bottom

of bore 36. and inner catheter 20 is positioned just

short of entering the bore while guide wire 18

extends completely through the tool through both
the bore and flared opening 34 of tool 32. Outer
catheter 16, Inner catheter 20 and guide wire 18

are locked together in this relationship using valve

caps 25 and 27 in the manner previously de-

scribed. Stent 100 is then pushed through flared
opening 34 which guides the stent past flat 38 into

bore 38 where it will spring open in the bore. as

shown in Fig. 11. to complete the loading opera-
tion.'Tool 32 is then removed from about outer
catheter 16.

The stent is easy to fabricate and because the

wires are attached together by welding the wire
size and material can be selected based only upon
the desired radial force and vessel size. Since

welding results in a zero spacing between the wires
at the point of attachment any size wire can be

welded. The extremely small stents necessary for
the coronary arteries can thus be readily fabricated
using this technique.

The use of a radiopaque material as a marker

on the ends of the outer and Inner catheters per-
mits locating the stent precisely using only a
fluoroscope, as does using a radiopaque material
for the stent itself. The use of an inner catheter

which has a circular cross-section to positively en-
gage the stent inside the outer catheter assures

that the stent will be released easily because the
expansion forces of the compressed stent will

cause it to bear against the inner wall of the outer
catheter. This device is simple in construction with

para meters which can readily be adapted to meet
any requirement.

The use of Y connecter hemostatis valves 24

and 26 permits the injection of liquid containing
radiopaque dye if it is necessary to determine the
shape and size of the artery at the location of stent
100. if desired guide wire 18 can be removed after

stent 100 is in place and this space used to inject
liquids.

While this invention has been described with

reference to an illustrative embodiment. this de-
scription is not intended to be construed in a

limiting sense. Various modifications of the illustra-
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tive embodiment. as well as other embodiments of

the invention. will be apparent to persons skilled in
the art upon reference to this description. it is
therefore contemplated that the appended claims
will cover any such modifications or embodiments

as fall within the true scope of the invention.

Claims

1. A stent comprising:

(a) a number of equally dimensioned and shaped

wires each having an essentially straight center

segment with and segments bent at oblique angles
with respect to said center segment such that
opposite said end segments of each said wire are
essentially parallel one end segment to the other;
and

(b) said wires oriented and equally spaced to form

a tubular shape said bent end segments of each

wire oriented parallel, overlapping and contiguous
with each adjacent wire. resulting in an acute angle
being formed by said center segments of each

adjacent pair of wires. being secured together at all
and segments: and

‘ (c) said wires fashioned from spring metal biocom-
patible material. such that said wires can be bent to

store energy in said wire segments to permit re-

ducing the diameter of said stent to permit insert-
lng said stent into an outer catheter sized to re-

ceive said stent when compressed to permit plac-

lng said stent percutaneousiy within a living or-
ganism: and

2. The structure‘ as in Claim 1 and further

comprising an inner catheter sized to slldeably fit
within said outer catheter with the walls of said

inner catheter sized to bear against the end of said
stent when said inner catheter is fit within said

outer catheter and said stent compressed to fit
within said outer catheter.

3. The assembly as in Claim 1 wherein said

inner and outer catheter are tipped with a radlopaq-
ue marker at their distal ends adjacent to said
stent.

4. The structure as in Claim 2 wherein a guide
wire is threaded coaxially through said inner cath-
eter and said stent and wherein said inner catheter

and said stent are sized to permit said guide wire
to he slid through their respective centers as an aid

in threading said catheters through a circulatory
system.

5. The structure as in Claim 4 wherein said

outer catheter is threaded coaxlally through a guide
catheter sized to slldeably receive said outer cath-

eter to provide guiding means in said circulatory
system for said outer and inner catheter.

1067
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6. The structure as in Claim 4 wherein said

inner catheter can be siideabiy locked and sealed
to said outer catheter by means oi a first Y-connec-

tor hemostatis valve and said guide wire is ex-

posed at the proximal end to permit siideabie ad-
justment of said guide wire with respect to said
inner catheter.

7. The structure as in Claim 5 wherein said

inner catheter can be slideabiy locked and sealed
to said outer catheter by means oi a first Y-connec-
tor hemostasis valve and said outer catheter can

be siideabiy locked and seaied to said guide cath-
eter by means of a second Y-connector hemostasis

valve and said guide wire is exposed at the proxi-
mat and to permit siideabie adiustment of said

guide wire with respect to said inner catheter.
3. The assembiy as in Ciaim 1 wherein said

wires are secured together by weiding.

9. A generally cylindrical shaped tool having an

axial bore from a first end and a flared axiai open-
ing from a second end joined by a coaxial seg-

ment. said tooi being sized to provide a means for

loading said stent within said outer catheter.
to. The assembly as in Claim 1 wherein said

wires are made of a radiopaque material.
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AORTIC GRAFT AND l“lE'DIOD FOR REPAIRING ANEURYSM

The invention is an aortic graft, and a device and method of using that device

for repair and treatment of arterial aortic aneurysms. An aneurysm is a ballooning of

the wall of an artery resulting from the weakening of the artery due to disease or other

conditions. Left untreated, the aneurysm will frequently rupture resulting in loss of blood

through the rupture.

Aortic aneurysms are the most common fonn of arterial aneurysm and are life

threatening. The aorta is the main artery which supplies blood to the circulatory system.

The aorta arises from the left ventricle of the heart, passing upward and bending ‘over

behind the heart and passing down through the thorax and abdomen. The abdominal‘

aorta supplies two side vessels to the kidneys, the renal arteries. Below the level of the

renal arteries, the abdominal aorta continues to about the level of the fourth lumbar .

vertebrae where it divides into the iliac arteries. The iliac arteries, in turn, supply blood

to the lower extremities and perineal region.

It is common for an aortic aneurysm to occur in that portion of the abdomina.l

aorta between the renal arteries and the iliac arteries. This portioniof the abdominal

aorta is particularly susceptible to weakening, resulting in an aortic aneurysm. An aortic

aneurysm larger than about 4 cm. in diameter in this section of the aorta is ominous.

Left untreated, the aneurysm may rupture, resulting in rapid and usually fatal
hemorrhaging. '

Aneurysms in the abdominal aorta are associated with a particularly high

mortality rate. Accordingly, current medical standards call for urgent operative repair of

abdominal aortic aneurysms. Abdominal surgery itself is a major procedure resulting in

substantial stress to the body. Although the mortality rate for an aortic aneurysm is
extremely high, there is also considerable mortality and morbidity associated with surgical
intervention to repair an aortic aneurysm. This intervention involves going through the

abdominal wall to the location of the aneurysm to bypass or replace the diseased section

suasrirugfi SHEET»
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of the aorta at the aneurysm. A prosthetic device, typically a synthetic tube, is used for

I this purpose. This graft serves to exclude the aneurysm from the circulatory system, thus

relieving pressure and stress on the weakened section of the aorta at the aneurysm.

Repair of an aortic aneurysm by surgical means is a major operative procedure.

In. addition, substantial morbidity accompanies the procedure, resulting in a protracted

recovery period. Finally, the procedure'entails a substantial risk of mortality. While

surgical intervention is nonetheless called for in the case of an aortic aneurysm in spite

of these risks, certain patients may not be able to tolerate the stress of intraabdominal

surgery. It is desirable to reduce the mortality and morbidity associated with
10

intraabdominal surgical intervention.

In recent years, methods have been developed to attempt to treat an aortic

aneurysm without the attendant risks of intraabdominal surgical intervention. Among

them are inventions disclosed and ‘claimed in Kornberg, U.S. Patent No. 4,562,596

(January 7, 1986) for Aortic Graft, Device and Method for Performing an Intralurninal

15 Abdominal Aortic Aneurysm Repair; and Lazarus, U.S. Patent No. 4,787,899 (November
29, 1988) for Intraluminal Graft Device, System and Method.

Kornberg discloses an aortic graft comprising a flexible tubular material having

»a plurality of struts to lend the graft stability and resiliency. The struts have angled
hooks with barbs at their upper ends which are securely attached to the inside of the

20

aorta above the aneurysm. Kornberg's graft is inserted using a tubular device also
disclosed in his patent.

Kornberg, however, anchors only the proximal end of the graft in the aorta.

Kornberg claims that the downward flow of blood holds the distal graft securely in place

so that no mechanical attachment is necessary distally. Kornberg, U.S. Patent«No.

25 4,562,596, Col. 6, lines 24-27. The blood pressure in the abdominal aorta, however, is
typically in the magnitude of 130 mm of mercury. In spite of the direction of flow of

blood through the graft, proximal to distal, substantial back pressures within the aneurysm

SUBSTITUTE SHEET
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will result unless the distal end is also mechanically attached. Without distal attachment,

the device of Kornberg will not effectively exclude the weakened arterial wall at the site

of the aneurysm from the forces and stress associated with the blood pressure.

Lazarus discloses a grafting system that employs a plurality of staples mounted

in the proximal end of the graft. Lazarus's staples are forced through the aorta wall by

means of a balloon catheter. As does Korn'berg,yhowever, Lazarus discloses. staples

mounted only in the proximal end..of the graft. There is no teaching or suggestion in

Lazarus, U.S. Patent No. 4,787,899 as to the desirability or means for mechanically

attaching the graft to the distal aorta below the level of the aneurysm.

10 Lazarus, U.S. Patent No. 4,787,899 also discloses various means for repairing the
aorta. Among them are surgical techniques, the use of nitinol coil, and various graft

systems that are implaced by the use of a balloon catheter system.

Hence, although in recent years certain techniques have been developed that

avoid or reduce the stress, morbidity, and risk of mortality, associated with surgical
15

intervention to repair aortic aneurysms, the systems that have been developed do not,

effectively treat the aneurysm and exclude the affected section of aorta from the pressures

and stresses associated with the circulation. None of the devices disclosed in the prior

art provide a reliable and quick means to bypass an aneurysmal artery.

It is therefore an object of the invention to provide a method to repair an aortic
20 -

aneurysm with a much lower risk of morbidity and mortality than that associated with

intraabdominal surgical repair of the aneurysm.

A further object of the invention is to provide a means for repairing an aortic

aneurysm in patients who cannot tolerate major abdominal surgery.

A further object of the invention is to reduce the risk of morbidity and mortality
25

associated with extensive surgical procedures.

Another object of the invention is to provide a means to quickly stabilize a

patients. suffering from an aortic aneurysm as an emergency procedure.
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Yet a further object of the invention is to provide a means for treatment of

abdominal aortic aneurysm without major surgical intervention.

A further object of the invention is to provide a device for repair of abdominal

aortic aneurysms while reducing the morbidity and ‘mortality associated with surgical

procedures for repair of abdominal aortic aneurysms.

An additional object of the invention is to provide a procedure and system for

repairing abdominal aortic aneurysms at greatly reduced cost in terms of medical

resources relative to intraabdominal surgical repair of the aneurysm.

Yet, an additional object of the invention is to provide a procedure and system

for repairing abdominal aortic aneurysms at greatly reduced cost to the patient in terms

of medical expenses, rehabilitation, morbidity, and recovery time.
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§flM_l\I_‘lARY QF THE INVENTION

As illustrated in the accompanying drawings and disclosed in the accompanying

claims, the invention is an aortic graft for performing an aortic anastomosis on a section

of aorta, comprising, aortic graft means, having cephalic and caudal ends, and having an

axis, a plurality of attachment means attached to said‘ cephalic and caudal ends of said

aortic graft means for securing said aortic graft means to the aorta, said attachment

means having base means, oriented in substantially parallel relation to said axis of said

aortic graft means, and attached to said aortic graft means, post means, attached to said

base member and extending substantially radially away from said aortic graft means, and

hook means oriented in substantially parallel relation to said axis, attached to the distal

end of said post means for penetrating the aorta and securing said graft means to the

aorta.

As set forth in the specification, the aortic graft of the invention is employed in _i

a process for excluding from the circulation and, thus, rendering safe, an aortic aneurysm

through the use of a balloon catheter and aortic graft comprising the steps of, inserting

a contrast filled balloon catheter into the aneurysm to a proximal point just above the

aneurysm abutting unaffected arterial tissue; measuring the diameter of the aorta at the

proximal point just above the aneurysm; removing the contrast filled balloon catheter

from the proximal point and placing it in the affected artery at a distal point just below

the aneurysm abutting unaffected arterial tissue; measuring the diameter of the vessel at

I said distal point, just below the aneurysm; removing the contrast filled balloon catheter;

measuring the distance between said proximal and distal points through radiographic

techniques; inserting along with a double balloon catheter a graft ‘having first and second

ends substantially 1-4 mm larger than the size of the aorta at said proximal and distal

points; blowing up the cephalic balloon from the distal end of the cephalic balloon to

force hooks at the distal position of the cephalic end of said graft into mated relation
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with said cephalic aorta; continuing to blow up said cephalic balloon from said distal end

of said cephalic balloon until said cephalic balloon is fully inflated and said proximal

hooks are forced into mated relation with said artery at said proximal end of the cephalic

aorta; maintaining inflation of said cephalic balloon while inflating cuadal balloon;

blowing up said cuadal balloon from the proximal end of said cuadal balloon to force

hooks at said proximal position of said cuadal end of said graft into mated relation with

said aorta at said cuadal point; continuing to blow up said cuadal balloon from said

proximal end of said cuadal balloon until said cuadal balloon is fully inflated and said

distal hooks are forced into mated relation with said artery at said distal endiof the‘

caudal aorta; removing the double balloon catheter system; and inserting into said graft

a first expandable ring retainer.
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BRIEF DE§§;RIPTIQN OF THE DRAVVIN§§§

The characteristics‘ and features of the present invention will be better

understood through the following detailed description and accompanying drawings which

are incorporated herein by reference:

Fig. 1 is an enlarged coronal View of the aortic graft of the present invention

shown with a double balloon catheter system that is used to implant it.

Fig. 2 is an enlarged view of an attachment means of a preferred embodiment

of the present invention.

Fig. 3 is a coronal view of a balloon catheter being inserted into the cephalic

end of the affected artery above the aneurysm in order to measure the diameter of the .

vessel.

Fig. 4 is a coronal view of a contrast filled balloon catheter being inserted into .

the caudal end of the abdominal artery below the aneurysm to measure the diameter of

the vessel.

Fig. 5 is a coronal view of the aortic graft and double balloon catheter system

of the present invention inserted into the abdominal artery so that the cephalic and

caudal ends of the aortic graft are aligned with the cephalic and caudal portions of the
aorta above and below the aneurysm, respectively.

Fig. 6 is a coronal view of the cephalic abdominal aorta above the aneurysm

with the aortic graft and double balloon catheter system inserted, showing the penetration

of the aorta wall of the attachment means as the cephalic balloon is inflated.

Fig. 7 is acoronal view of the aortic graft and cephalic balloon of Fig. 6 shown

at a subsequent stage during inflation of the cephalic balloon as attachment means have

penetrated the aorta wall.
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Fig. 8 is a coronal view of the caudal abdominal aorta below the aneurysm with

the aortic graft and double balloon catheter system inserted, showing the penetration of

the aorta wall of the attachment means as the caudal balloon is inflated.

Fig. 9 is a coronal view of the aortic graft and cephalic balloon of Fig. 8 shown

at a subsequent stage during inflation of the caudal balloon as attachment means have

penetrated the aorta wall.

Fig. 10 is a coronal view of the aortic graft of the present invention after

attachment means of cephalic and caudal ends have been implanted in the aorta wall and

the double balloon catheter system has been withdrawn, excluding the aneurysm.
10

Fig. 11 is a top view of a retainer ring of the present invention.

Fig. 12 is an oblique view of an alternative form of the retainer ring of the

present invention.

A Fig. 13 is a coronal view of the cephalic end of aortic graft of the present
invention showing installation of retainer ring in cephalic end with a balloon catheter.

15

Fig. 14 is a coronal view of the caudal end of aortic graft of the present

invention showing installation of retainer ring in caudal end with a balloon catheter.

Fig 15 is a coronal view of the aortic graft of the present invention showing the

graft implanted in the aorta excluding the aortic aneurysm.

The aortic graft, and system and method of implanting an aortic graft of the
20

present invention will now be described in further detail with reference_to the drawings.

The drawings and the detailed description of a preferred embodiment of the invention

which follows are illustrative and explanatory only and in no way limit the scope of the

invention as set forth in the appended claims.

25
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DESCRIPTION OF A PREFERRED EMBODIMENT

Fig. 1 illustrates aortic graft means 10 for repairing an abdominal aortic

aneurysm 12. As illustrated in-“Fig. 3, the aortic aneurysm 12 is located in the abdominal

aorta 11 between the renal arteries 15 and the iliac arteries 16.

It will be apparent to those skilled in the art that the aortic graft 10 of the
present invention can also be used in other locations without departing from the scope

or spirit of the appended claims. For example, the graft could be used on any type of

fluid conducting vessel such as sections of arteries located in other parts of the body or,

other types of vessels.

10 As embodied herein, aortic graft means 10 of the present invention comprises
an aortic graft 18 having cephalic 19 and caudal 20 ends and a body 21. The aortic graft

18 of the present invention is preferably fabricated from a flexible, yet resilient, material

such as polytetrafluoroethylene (Teflon) or other material having similar flexible and

resilient properties. Other substance such as natural or synthetic polymeric substances

15 (such as polyester fabric, Dacron, Mylar, Rayon, cellulose acetate, cellulose butynate) may
also be used. A critical consideration is that the substance of which the aortic graft 18

is made be biologically inert and be compatible with the tissues into which the aortic

graft is to be implanted. Many materials of this type are well known in the art.

In a preferred embodiment of the present invention aortic graft 18 has a

20 plurality of attachment means 22 and a double balloon catheter system 35. The graft can
be prepared and packaged under sterile conditions and assembled in a kit comprising first

catheter system for measuring the diameter of the aorta, aortic graft 18, with attachment

means 22, a second catherer system which is a double balloon catheter system 35, and

a third balloon catheter system 48 with retainer rings 45. It is contemplated that the

25 aortic graft 18, double balloon catheter system 35, and third catheter system 48 of the
present invention be manufactured in various sizes so that the system of the present
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invention is adaptable to the size and configuration of the aortic aneurysm of the

individual patient.

As embodied herein and shown in Fig. 2, attachment means 22 of the present

invention comprises base means 23, post means 24, and hook means 25. Hook means

25, in turn, further comprisestip 26 to facilitate penetration of aorta 11 by hook 25 and
barb 27 to resiliently hold attachment means in implanted position relative to aorta 11.

In a preferred embodiment of the present invention, aortic gra.ft,18, is provided with a '

plurality of attachment means 22, mounted in the cephalic 19 and caudal 20 ends of

aortic graft 18.

In a preferred embodiment of the present invention, base means 23, is

constructed of a biologically compatible material such as metal or plastic. Base 23 can

be a small flat strip of metal that is oriented in substantially parallel relation to the axis

of aortic graft 18. Base 23 is attached to the cephalic 19 and caudal 20 ends of aortic

graft 18. This attachment can be accomplished by a variety of means including, but not

limited to, gluing, welding, riveting, or simply positioning base 23 so that the distal

surface of base 23 abuts the proitimal surface of the lumen of aortic graft 18 and is held

in place by force exerted on post 24.

Post means 24 is a post that is preferably oriented in substantially perpendicular

relation to base 23. In a preferred embodiment of the present invention, post 24 is

mounted on the distal surface of base 23 so that post 24 extends radially outward from

the axis of aortic graft 18 when base 23 is in mounted relation to aortic graft 18. Base

23 may be secured to aortic graft 18 through a variety of means including gluing, riveting,

welding, or other means that are biologically compatible and will provide a secure

attachment of post 24 to base 23. Base 23 can also be secured to aortic graft 18 by

mounting base 23 in the lumen of aortic graft 18 so that the distal surface of base 23

2 abuts the proximal surface of the lumen of aortic graft 18 so that post 24 penetrates and
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extends through aortic graft" 18. Force exerted on the distal end of post 24 then holds_

base 23 and post 24 in place.

In a preferred embodiment of the present invention, hook means 25.is a hook

that is mounted on the distal end of post 24. Hook 25 is oriented substantially parallel

relation to base 23 and, thus, the axis of aortic graft 18 when it is implanted in aorta 11.

In a preferred embodiment of the present invention, the limb of hook 25 on which tip

26 is located is longer as measured from post 23 than the end of hook 25 distal from tip

26. Further, hook 25 may have one or more barbs 27 for holding attachment means 22

and aortic graft 18 firmly in place relative to aorta 14 at the cephalic 12 and caudal 13

portions of the abdominal aorta above and below aneurysm 11 respectively.

Aortic graft means 10 is implanted in abdominal aorta 11 through the use of a

double balloon catheter system 35. The double balloon catheter system 35 of the present .

invention, is oriented so that when the balloons are inflated, tip 26 of hook 25 engages

the wall of aorta 11 in substantially non-parallel relation in order to facilitate hook 25 V

penetrates abdominal aorta 11 to secure aortic graft 18 of the present invention to aorta

11.

It will be apparent to those skilled in the art that various modifications and

variations can be made in the construction and implantation of attachment means 22 of

the present invention without departing from the scope or spirit of the claimeduinvention,

For example, the relative lengths of the limbs of hook 25 on each side of post 24 could

be modified. Post 24 in turn could assume various configurations, provided the distal end

of post 24 extendswradially from aortic graft 18 to penetrate through aorta 11. Hook 25

could also assume various configurations and orientations, provided it is oriented in a

manner so that it does not pose a hazard to nearby organs or systems when aortic graft.

18 as implanted in aorta 11. Further, attachment means 22 could be oriented so that it

does not rotate in order to penetrate aorta 11 but, rather, simply erodes through aorta

11. Hence, it is intended that the present invention cover the modifications and
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variations of-the invention, provided they come within the scope of the appended claims

and their equivalents.

‘The operation and attachment of aortic graft means Ill can perhaps best be

‘illustrated by the operation of the double balloon catheter system 35. Implantation of

the aortic graft means of the present invention involves several steps. _First, an incision

is made in the femoral artery 17 or iliac artery 16 to provide a means of access to

aneurysm 12. In a preferred embodiment of the present invention, as shown in Fig. 3,

a first balloon catheter assembly 28 is employed to measure certain critical features of

aorta 11. First balloon catheter 28, as embodied herein, comprises a guide wire" 29, a
10 « v .

balloon 30, a supply tube 31, a first balloon catheter sheath 32, and contrast material 33.

Guide wire 29 is inserted through the incision in femoral artery 17 or iliac artery 16 with

first catheter assembly 28. Balloon 30 is filled with a radioopaque contrast material 33

to allow visualization of balloon 30 by radiographic means. Catheter assembly 28 is

threaded through the opening of femoral artery 17 or iliac "artery 16 until balloon 30 of

15 first catheter 28 has been inserted into aneurysm 12 in the abdominal aorta 11. Using
a radiographic system 34, balloon 30 is aligned with the cephalic portion 13 of the

abdominal aorta 11 above aneurysm 12. Balloon 30 is then inflated until it engages the

interior surface of the cephalic portion 13 of abdominal aorta 11 immediately above

aneurysm12. Radiographic system 34 is then employed to measure the diameter of the
20 -

abdominal aorta 11 at its cephalic portion 13, above the aneurysm. This measurement

is then recorded.

As shown in Fig. 4, firstcatheter assembly 28 is then withdrawn until balloon

30 is aligned with the caudal portion 14 of abdominal aorta 11 below aneurysm 12.

Balloon 30 is reinflated until it abuts the interior wall of abdominal aorta 11 at the

25 caudal portion 14 of the abdominal aorta 11 below aneurysm 12. Radiographic system
34 is again employed to measure the diameter of abdominal aorta 11 at the caudal

portion of abdominal aorta below aneurysm 12. This measurement is also recorded.
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Using the data collected by the radiographic system, the distance between the cephalic

portion 12 of abdominal aorta 13 and the caudal portion 14 of abdominal ‘aorta 11,

above and below aneurysm 12,Hrespectively, as well as the diameter of the cephalic and

caudal regions 13 and 14 of aorta 11, are then determined. Using this information, aortic

graft means 10 of appropriate size for the patientiis selected.

As embodied herein aortic graft 18 is preferably 2 to 10 mm longer than the

distance between the cephalic 13 and caudal 14 portions of abdominal aorta 11» as

determined by the radiographic system 34. Aortic graft means 10 of the present

invention comprises aortic ‘graft 18, attachment means 22, and double balloon catheter
16

system 35. Double balloon catheter system 35 also comprises radioopaque markers 42.

Radioopaque markers 42 are provided on the proximal 37 and distal 38 ends of cephalic

balloon 36 as well as on the proximal 40 and distal 41 ends of caudal balloon 39, of

double balloon catheter 35. As shown in Fig. 5, using radioopaque markers 42, and .

radiographic system 34, aortic graft 10 is inserted through the opening in femoral artery
'15

17 or iliac artery 16 until cephalic balloon '36 is aligned with cephalic. portion 13 of

abdominal aorta 11 and caudal balloon 39 is aligned with caudal portion 14 of abdominal

" aorta 11. b i

V Cephalic balloon 36 is then _inflated. shown in Fig. 6, inflation of cephalic
balloon 36 begins‘ at the distal end 38 of cephalic balloon 36. As distal end 38 of

20 cephalic balloon 36 is inflated, abutting attachment means 22 rotate so that the distal
ends of base 23 are moved radially outward from the axis of aortic graft 18 while the

proximal ends of base 23 remain proximate to axis of aortic graft 18. This rotation

orient tips 26 of hooks 25 in substantially non-parallel relation to abdominal aorta 11.

As cephalic balloon 36 is inflated further, tip 26 engages abdominal aorta 11. Inflation
25

of cephalic balloon 36 forces tip 26 to penetrate abdominal aorta wall 11 so that hook

25 extends through abdominal aorta wall 11. Barb 27 passes through the penetration so
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that tip 26 and barb 27 of hook 25 penetrate abdominal aorta wall 11 and lie on the

outer wall surface of abdominal aorta 11.

As shown in Fig. 7, inflation of cephalic balloon 36 continues in this manner,

forcing attachment means 22 through abdominal aorta wall 11 until cephalic balloon 36

is fully inflated. ‘When cephalic balloon 36 is fully inflated, attachment means 22 on

cephalic portion 19 of aortic graft 18 will penetrate abdominal aorta wall 11 at cephalic

region 13, firmly and permanently anchoring aortic graft 18 to abdominal aorta 11.

Cephalic balloon 36 is fully inflated and attachment means 22 and cephalic portion 19

of aortic graft 18 are anchored in proximal portion 13 of vessel wall 11, cephalic balloon

is left fully distended. The distention of cephalic balloon 36 effectively closes off the

flow of blood through abdominal aorta 11 during the remainder of the procedure.

Inflation of cephalic balloon 36 firmly holds the cephalic portion 19 of aortic graft 18 in

place while the caudal portion 20 of aortic graft 18 is being implanted in the caudal

portion 14- of abdominal aorta 11.

As shown in Fig. 8, caudal portion 20 of aortic graft 18 is implanted in caudal .

portion 14 of abdominal aorta 11 by inflating caudal balloon 39 of double balloon system

35 beginning at the proximal end 40 of caudal balloon 39. As proximal end 40 of caudal

balloon 39 is inflated, attachment means 22 in caudal portion 20 of aortic graft 18 rotate

as described above with respect to cephalic end 19 so that attachment means 22 of

caudal portion of aortic graft 18 are firmly and permanently mounted in caudal portion

14 of abdominal aorta 11, as shown in Fig; 9.

As shown in Fig. 10, once cephalic balloon 36 and caudal balloon 39 are fully

distended, aortic graft 18 is seated both proximally and distally in abdominal aorta 11.

At that point, cephalic 19 and caudal 20 portions of aortic graft 18 effectively exclude

further blood from the proximal or distal aorta from reaching aneurysm 11. Body 21 of

aortic graft 18 functions as abdominal aorta wall 11 of aneurysm 12. As shown in Fig.

10, once aortic graft 18 is fully seated in cephalic 13 and caudal 14 portions of abdominal

sussrrrtrra sneer
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aorta 11, double balloon catheter system 35 is removed. —Aortic'graft 18 then assumes

the full pressure and stress of the circulatory flow through abdominal aorta 11 effectively

excluding aneurysm 12 and, thereby, substantially relieving aneurysm 12 of the stresses _
on it.

In a preferred embodiment of the present invention, aortic graft means 10

further comprises retainer means 45. Retainer means 45 can be a resilient ring of

material which functions to hold aortic graft 18 firmly in place in abdominal aorta 11.

As embodied herein, retainer 45 comprises body 46, locking means 47. In a preferred

embodiment of the invention, as shown in Fig. 11, retainer 45 can be a split ring which

is configured so that the two ends of the split ring cooperate to form a smooth ring.’A

It will be apparent to those skilled in the art that various modifications and

variations can be made in the construction and implantation of attachment means 22 of

the present invention without departing from the scope or spirit of the claimed invention.

For example, retiner 45 can be a resilient mesh web as shown in Fig. 12. Body 46 of

the web preferably comprises legs which are mounted in relation to each other so that p

the web can collapse to allow for for insertion and to lock in place once it has been

implanted and expanded. Hence, it is intended that the present invention cover the

modifications and variations of the invention, provided they come within the scope of the

appended claims and their equivalents.

As shown in Fig. 10, after double balloon catheter 35 is removed from

abdominal aorta 11, guide wire 29 is left in place. As shown in Fig. 13, retainer 45 is

inserted into abdominal aorta 11 through the use of third catheter system 48. Retainer

45 has radioopaque markers 42 on its proximal and distal surfaces. As retainer 45 and

third catheter assembly 48 are inserted into abdominal aorta 11, radiographic system 34

tracks the location of retainer 45 relative to cephalic portion 13 and 19 of the abdominal

Once retainer 45 has been aligned withaorta 14 and aortic graft 18, respectively.

cephalic portion 12 and 19 of abdominal aorta 14 and aortic graft 18, respectively,
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cephalic balloon 49 is inflated. As cephalic balloon 49 is distended, locking means 47

engage, fixing retainer 45 in the ‘aorta 11 the open position. Once balloon 30 has been

fully inflated so that retainer 45 is fully expanded, retainer 45 distends aortic graft 18 and

aorta 11, forcing aortic graft 18 and attachment means 22 against cephalic portion 13 of

abdominal aorta 11.

As shown in Fig. 14, caudal balloon 50 is then inflated, locking retainer 45 in

the caudal portion of aortic graft 20 and aorta 14. Third catheter system 48 is then .

removed, along with guide wire 29. Theiincision in femoral artery 17 or iliac artery 16,

through which the procedure was performed, is then closed and sutured. Circulation to

the lower limbs is restored with aortic graft 18 excluding aneurysm 12 from circulation.

It will be apparent to those skilled in the art that various modifications and

variations of the invention can be made without departing from the scope or spirit of the

appended claims. In particular, aortic graft means 10 can be used with or without

retainer 45. Retainer 45 could assume a variety of configurations, shapes and sizes while

performing the function of securing aortic graft means 10 and abdominal aorta 14.

Attachment means 22 could also assume a variety of configurations in accordance with

the scope and spirit of the appended claims. Moreover, the direction in which each of

the balloons of the double balloon catheter system 35 is inflated is not critical, provided

attachment means 22 is oriented relative. to the direction of inflation of cephalic 36 and

caudal 39 balloons to facilitate penetration of aorta 11. Hence, it is intended that the

present invention cover the modifications and variations of the invention, provided they

come within the scope of the appended claims or their equivalents.
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I claim:

1. An aortic graft for performing an aortic anastomosis on a section of ‘

aorta, comprising,

aortic graft means,.having cephalic and caudal ends, and having an axis,

a plurality of attachment means attached to said cephalic and caudal ends of

said aortic graft means for securing said aortic graft means to the aorta,
10

said attachment means having

base means, oriented in substantially parallel relation to said axis of said

- » aortic graft means, and attached to said aortic graft means,
15

post means, attached to said base member and extending substantially

radially away from said aortic graft means, and

hook means oriented in substantially parallel relation to ‘said axis,
20

attached to the distal end of. said post means for penetrating the aorta

and securing said graft means to the aorta.

2. The aortic graft of claim 1, wherein said aortic graft means is subtantially

cylindrical in shape.
25

3. The aortic graft of claim 1, wherein said aortic graft means comprises a

resilient flexible material.
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4. The aortic graft of claim 1, wherein said aortic graft means comprises a

material inert to bodily fluids.

5. The aortic graft of claim 1, vyherein said hook means further comprises

barbed hooks.

6. The aortic graft of claim 1, wherein said. aortic graft means further

comprises retainer ring means for maintaining said first and second ends of said aortic

graft in mated relation with abutting portions of the aorta.

7. An aortic graftzfor performing an aortic anastomosis on a section of

aorta, comprising,

substantially cylindrical aortic graft means, having first and second ends’

a plurality of attachment means attached to said first and second ends of

said aortic graft means for securing said aortic graft means to the aorta,

said attachment means having

a base member attached to said aortic graft means at first or second ends

thereof, oriented in substantially parallel relation to the longitudinal axis

of said aortic graft means,

post means, attached to said base members and extending radially from

said aortic graft means,
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hook means attached to the distal end of said post means for penetrating

the aorta and securing said graft means to the aorta,

said hook means further comprising a barbed hook.

8. The aortic graft of claim 7, wherein said aortic graft means comprises a

resilient flexible material.

9. The aortic graft of claim 7, wherein said aortic graft means comprises a

material inert to bodily fluids.

10. The aortic graft of claim 7, wherein said aortic graft means further .

comprises retainer ring means for maintaining said first and second ends in mated

relation with adjoining portions of the aorta.

11. An aortic graft for performing an aortic anastomosis on a section of

aorta, comprising,

substantially cylindrical aortic graft, having first and second ends

a plurality of attachment means attached to said first and second ends of

said aortic graft means for securing said aortic graft means to the aorta,

said attachment means having

a base member abutting the interior surface of aortic graft means at said

first or second end of said aortic graft means, said base member oriented

SUBSTITUTE SHEET

1102



1103

10

15

20

25

.WO 90/15582 '20’ PCT/US90/03322

in substantially parallel relation to the longitudinal axis of said aortic

graft means,

post means, attached to said base members and extending through said

first or second end of said aortic graft means radially from said aortic

graft means,

a hook, attached to the distal ends of said post means for penetrating the

aorta and securing said graft means to the aorta,

said hook means further comprising a barbed hook, and

retainer ring means for maintaining said first and second ends in mated relation with

adjoining portions of the aorta.

12. The aortic graft of claim 11, wherein said aortic graft means comprises

a resilient flexible material.

13. The aortic graft of claim 11, wherein said retainer ring means comprises

» a series of short segments which ratchet past one another to resiliently maintain the

diameter of said retainer ring against compression.

14. A process for repairing an aortic aneurysm through the use of a balloon

catheter and aortic graft comprising the steps of,

Inserting a contrast filled balloon catheter into the aneurysm to a cephalic

point, just above the aneurysm abutting unaffected arterial tissue;
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Measuring to diameter and position of the aorta at the cephalic point,

just above the aneurysm;

Withdrawing the contrast filled balloon catheter systern from said cephalic

point;

’ Repositioning the contrast filled balloon catheter in the affected artery

to a caudal point, below the aneurysm abutting unaffected arterial tissue;

Reinflatingi the contrast filled balloon;

Measuring to diameter and position of the aorta at said distal point, just

below the aneurysm;

Removing the contrast filled balloon catheter;

Measuring the distance between said cephalic and caudal points through

radiographic techniques;

Inserting along with a double balloon balloon catheter a graft having first

and second ends substantially 1-10 inm larger than the size of theaorta

at said cephalic and cuadal points;

i Inflating the cephalic balloon from the distal end of the cephalic balloon

to force hooks at the distal position of the proximal end of said graft into

mated relation with said cephalic aorta;
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Continuing to blow up said cephalic balloon from said distal end of said

. cephalic balloon until said cephalic balloon is fully inflated and said

proximal hooks are forced into mated relation with said artery at said

cephalic point;

Maintaining inflation of said cephalic balloon while inflating caudal

balloon;

Inflating said caudal balloon from the proximal end of said caudal

balloon to force hooks at said proximal position of said caudal end of

said graft into mated relation with said aorta at said caudal point;

Continuing to inflate said caudal balloon from said proximalend of said

caudal balloon until said caudal balloon is fully inflated and said cau'dal

hooks are forced into mated relation with said artery at said caudal point; 4

Removing the double balloon catheter system;

Inserting into said graft one or more retainers and a third balloon

catheter system;

Implanting retainers at said cephalic and caudal positions inside aortic

said graft;

Removing all catheters and wires;
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Repairing all arterial incisions; and

Closing incision used to access femoral or iliac artery.
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@ Vascular stent.

@ A vascular stent (8) includes a continuous
wire which is fonned into a substantially tubular
body having a plurality of oblong. open cells
which are staggered around the circumference
of the tube. When the body is fonned in its
unexpanded state, the long sides of each
oblong cell are arranged substantially parailel
to the longitudinal axis of the tubular body.
Adjoining cells may then be bonded together at
a point (2,2’;3,3';5,5';7,7';) between adjacent
parallel sides on a cell. When the body is expan-
ded, the adjacent sides of each cell extend
oblique to the longitudinai axis of the body.
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The present invention generally relates to vascu-
lar stents.

A stent. generally speaking. is a device that can
be placed within the lumen. or interior space, ofa tub-

ular structure for supporting and assuring patency of

a contracted. but otherwise intact, lumen. (Patency
the state of being freely open. is particularly impor-
tant in the field of angioplasty, which is concerned

with the reconstruction of blood vessels.) Stents are
used, for example. for holding‘ blood vessels open or
for back tacking intimal flaps inside vessels after an-

gioplasty. More generally, however, stents can be
used inside the lumina of any physiological conduit in-

cluding arteries. veins. vessels, the biliary tree. the
urinary tract. the alimentary tract. the trach'eobron-
chial tree. the genitourinary system. and the cerebral
aqueduct. Furthermore. stents can be used inside lu-
mina of animals other than humans.

in the field of angioplasty. the most common an-

gioplasty surgical procedure is percutaneous translu-

minal coronary angioplasty. or "PTCA". which is em-
ployed for enlarging narrowed arteries nearthe heart.

In a PTCA procedure. a balloon-tip catheter is man-

euvered into position in a narrowed artery where the
balloon is expanded in orderto dilate‘ this area of nar-

rowing. After the arterial lumen is dilated. the balloon
at the catheter tip is deflated and the catheter is re-

moved from the enlarged artery. Avascular stent can

be used to dilate an artery after a suboptimal PTCA
dilation.

in practice, the above-described conventional

PTCA procedure has several shortcomings. One
- drawback is that approximately one-third of all PTCA

patients suffer from restenosis. a chronic regrowth of

obstructive tissue that narrows the lumen. Typically.
restenosis occurs within six months following an an-

gioplasty procedure. Since a majority of these reste-

nosis patients also display symptoms of deteriorating
cardiac status. they frequently must undergo addi-

tional PTCA procedures or more risky coronary artery
bypass graft surgery. Unfortunately. those patients
who undergo repeated PTCA procedures tend to rest-

enose at an even higher rate than first-time PTCA pa-
tients.

A second, and sometimes fatal. complication of
coronary angioplasty is the abrupt re-closure of a

previously dilated section of a vessel. There are many
different factors that are thought to contribute to

abrupt re-closure after PTCA including obstructive
-flaps of disrupted wall tissue. vessel wall spasms with
lumlnal contraction. and thrombus formation at the
site of dilation. Vascular stents can be used like a

scaffold to mechanically bridge areas of narrowing
(flaps or thrombus) and oppose spasms. and there-
fore, maintain artery patency.

Many of the factors responsible for abrupt clo-
sure (post balloon inflation) may also Influence the

development of restenosis. and therefore. long term
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patency. In this regard. vascular stents. by virtue of
their ability to limit elastic recoil of the vessel wall and

to eliminate thenegative physical consequences of
PTCA (including obstructing intimal flaps and dissec-
tlon) may be useful in limiting restenosis.

Therefore, there are two potential benefits ofvas-

cuiar stents in the treatment of vascular disease: 1)
prevention of abrupt arten'al closure. and 2) preven-
tion of restenosis.

Summary of the invention

Generally speaking. the present invention pro-

vides a vascular stent for reducing hemodynamic dis-
turbances caused by angioplasty and the stent itself.
in a preferred embodiment. the stent is formed from

a single filament of low memory bio-compatible ma-
terial having a series of U-shaped bends. The lament
is wrapped around a mandrii in a circular fashion in or-

der to align opposing curved portionof each bend

which are then connected. The stent therefore pro-
vides a maximum amountof structural support forthe
lumen while minimizing the level of hemodynamic dis-
turbance in side the lumen.

The tubular stent shown in the embodiments of

the invention is a coplanar structure as opposed to a
woven or knitted structure.

The present inventor has found that vascular

stents require substantial flexibility in their unexpand-
ed state in order to allow them to bend and conform

to the tortuous shape of the vessel through which
they are inserted. This need for flexibility during in-
sertion is especially important for older patients since
their blood vessels tend to be more tortuous and less

flexible than those of younger patients. The present
inventor has also found that. vascular stents should

be rigid and have a high hoop strength in their ex-
panded state. Although the reasons for the success

of rigid stents are not entirely clear, it has been sug-
gested that rigid stents are less likely to pulsate inside

vessels, and therefore. they are less likely to rub

against the vessel intima once they are in place.

Brief Description of the Drawings

Figure '1 shows a filament shaped into a com-
pressed planar wave used to make the nearly si-
nusoidal waveform of Figure 2;

Figure 2 shows the planar wave of Figure 1 ex-
panded along its longitudinal centerline to form a

nearly sinusoidal waveform used in making a
stent;

Figure 3 shows an alternative waveform that can

also be used in making a stent;
Figure 4 shows another alternative waveform

that can be used in making a stent;

Figure 5 shows the waveform of Figure 3 spirally
wrapped around a round mandril:
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Figure 6 shows a connection for the end ofthe fi-

lament after the waveform of Figure 3 is com-
pletely wrapped around the mandril:

Figure 7 shows a preferred alternative waveform

that can be used in making a stent;
Figure 8 shows the relative positions of the U-

shaft bends in each component section of the

preferred alternative waveform of Figure 12;
Figure 9 shows the preferred alternative wave-

form of Figure 7 being wrapped around a cylindri-
cal mandril:

Figure 10 shows in an expanded state a side ele-
vation of a stent formed from the preferred alter-

native waveform of Figure 7 by wrapping it
around a mandril in a circular fashion in order to

align the curved portion of each bend;
Figure 11 shows an opposite side elevation of the
stent in Figure 10;

Figure 12 shows an end view ofthe stents in Fig-
ures 10 and 11;

Figure 13 shows a stent mounted on a balloon-tip
catheter ready for insertion into a lumen;

Figure 14 shows a stent being used with a graft
to repair a pseudo-aneurysm in the common fe-
moral artery;

Figure 15 shows two stents being used with a
graft to bypass an occlusion in the femoral-popli-
teal artery:

Figure 16 shows a stent being used with a graft
to repair an aorto-iliac aneurysm;

Figure 17 is a schematic illustration of a planar
waveform which is used to form the stent;

Figure 18 illustrates the waveform of Figure 17
being wrapped around a mandril;
Figure 19 illustrates an alternative embodiment of

the waveform of Figure 17 being wrapped around
a mandril;

Figure 20 shows the arrangement of the waves
around the circumference of the mandrll when

the stent is formed in its unexpanded state as in
Figure 18; ’

Figure 21 shows the arrangement of the waves
around the circumference of the mandril when

the stent is formed in its unexpanded state as in
Figure 19;

Figure 22 is an enlargement ofone ofthe cells in
the stent of Figures 20 and 21 when the stent is
in an expanded state;

Figure 23 shows a stent being used with a graft;
Figure 24 is a side elevational view of a stent ac-

cording to the other preferred embodiment in
compressed condition;

Figure 25 is a side elevational view of the stent of

Figure 24 in expanded condition;

Figure 26 is an end view ofthe stent of Figure 25;
Figure 27 is a cross-sectional view which is taken

along the plane of the line 4-4 in Figure 25 for
viewing in the direction of the arrows;
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Figure 28 is an enlarged cross-sectional deuii,

taken along the plane of the line 5-5 in Figure 26
for viewing in the direction of the arrows;

Figures 29A and 29B are views that correspond

in orientation to Figure 4 and which schematically
show the stent of Figure 1 embedded in the lu-
men of a blood vessel;

Figure 30 is a schematic illustration of a planar
waveform of a continuous wire which is used to‘

form the stent of Figures 24 and 25; and
Figures 31A and 31B are illustration of the con-

tinuous waveform of Figure 27 wrapped around

the circumference of a mandrel for forming the
stent in its compressed condition.

The stent is preferably formed from a continuous
wire. The term "wire". as used here. should not be

construed as limited to just metallic materials. in fact,

the stent may be formed from any type of filament.
The stent may also be made from groups of fiiaments
orfibers which are wound or braided togetherin order
to form a continuous filament. Also, several distinct ia-

ments may also be attached together by any conven-
tional means such as butt-weiding. it is also possible
to mold the stent in its unexpanded state.

To prevent the stent from recoiling to its unex-
panded state after it has been implanted, the stent is

preferably made from a "low memory" material that
does not try to resume its original shape after it is de-
formed. Alternatively, the size of the wire can be

chosen so thatlwhen the stent is expanded. the wire
is stressed beyond its plastic yield point but not be-

yond the ultimate stress at which the material cracks
or breaks. Both the unformed wire and the unexpand-
ed stent may be annealed in order to reduce the

stresses which are created in the wire during the stent
formation process.

The stent material is preferably radio-o paque so

that the location of the stent can be verified through
fluoroscopic examination. The stent should also be

made from a biocompatible (e.g. stainless steel)
and/or bioabsorbable (e.g. Vicryl) material with a
smooth surface for minimizing the stent's effect on
surrounding tissue and bodily fluids such as blood.

The stent may also be coated with antithrombiytic or
anticoagulatory agents such as Dextran, Heperin, t-

PA, polytetrafluoroethylene, or ultra low-temperature

isotropic carbon.
Figure 1 shows a filament 11 formed in a corn-

pressed planarwaveform. Preferably. the filament 11

is made from 0.013 to 0.05 cms (0.005 - 0.020 inch)
diameter stainless steel wire; however, it can be made

from materials such as titanium, tantalum. gold. cop-
per and copper alloys, combinations of these materi-

als, or any other biologically-compatible materials

with a low shape-memory level. (in the present con-
text, a low shape-memory level implies that the stent
will not contract to its compressed shape after It is in-

serted and internally expanded in a lumen). The file-
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ment 11 can also be formed from several separate

strands which are wrapped or woven together.

The compressed waveform pattern in Figure 1 is
preferabiy formed generally in the shape of a com-

pressed sinusoid, but can have any wave-like pattern.
In the drawing, it should be noted that the waveforms

at the ends 19 and 21 ofthe wire having smaller am-
plitudes than the waveforms 15 in the middle of the

wire. The drawing shows. for example. four reduced

amplitude peaks 17 at each ofthe ends 19 and 21, re-

spectively. Preferably, the heights of the reduced am-
plitude waveforms are one-half to two-thirds of the

heights of the larger waveforms.

In Figure 2, the compressed waveforms of Figure
1 are expanded along their longitudinal centerline into

a nearly sinusoidal waveform by stretching the com-
pressed waveforms from their ends. (The broken line

shows the longitudinal centerline of the expanded

waveforms). At both ends 19 and 21, the-longitudinal
centerline ofthe smaller waveforms is displaced from
the longitudinal centerline ofthe waveforms near the

middle of the wire. At one end 19. for instance, the

centerline of the smaller waveforms 17 is displaced

below the broken line; at the end 21, by way of con-
trast. the centerline of the smaller waveforms is dis-
placed above the broken line. '

g in practice. the above-described expanded wa-
veforms preferably have a period of about eight milli-
meters. The larger waveforms 15 preferably have a
peak-to-peak amplitude of eight millimeters while the
smaller waveforms 17 are one-half to two-thirds the

height of the larger waveforms. However, other sizes

may be used. Although all ofthe waveforms normally
have the same period, they are not necessarily sinu-
soidai, regular, repeating, or continuous.

Figures 3 and 4 show the expanded state of two
alternative waveforms that can be used to form the

above-described stenL The period of each waveform

in the waveform of Figure 3 is preferably one-half of

the peakto peak amplitude of the waveform. in Figure
3. the longitudinal centerllnes ofthe small waveforms

17a at the ends of the device are approximately par-
allel to each other, but the centerline of the large wa-

veforms 15a is Inclined relative to the longitudinal
centerllnes of the smaller waveforms, preferably at

an inclination angle of approximately 45°. in Figure 4,
the waveform is similar to that of Figure 3 except that
the centerline ofthe larger waveforms 15b is perpen-
dicular to the centerline of the smaller waveforms

17b; in other words, the inclination angle of the larger
waveforms is approximately 90°.

Figure 5 shows the expanded waveform of Fig-
ures 3 formed into a stent by wrapping it. in a spiral.
around a mandril 21. Similar waveforms could also be

used. For instance, if the waveform of Figure 4 were
used the longitudinal centerline of the large wave-
forms would remain parallel to the centerline of the
mandril and the peaks of the waveforms would be
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. wrapped around the mandril, perpendicular to the
centerline of the mandril.

As shown in Figure 5. the centerline of the large
waveforms 15a is arranged to spiral along the length

ofthe mandril 31. One side of each of the larger wa-
veforms 15a is arranged approximately parallel to the

longitudinal axis ofthe mandril 31, and the remaining
sections of each of the waveforms are arranged at a
small angle to the longitudinal axis of the mandril. (In

the drawing, the "small" angle has been greatly exag-
gerated for purposes of illustration). it will be appreci-
ated that the shown arrangement allows the stent to
be wound in a very tight spiral.

By forming the above-described stent as a tight
spiral on a mandril, the stent expands primarily in the
radial direction, with relatively slight movement at the
ends, as it is expanded internally in a lumen. Even

greater radial expansion might be achieved by the
wrapping the waveform as a circle around the man-

dril. However, such a radially-wrapped configuration
would use an excessive amount of filament per unit

surface area to support the lumen, especiaily where
the filaments were allowed to overlap.

In Figure 6, each ofthe last three smaller wave-

forms 17a (from Figure 5) at the end of the stent is
wrapped with its longitudinal centerline around the
circumference of the mandril. It should be noted that

the peaks of the last three smaller waveforms (indi-
cated in Figure 6 by the letters “a", "b“ and "c" respec-
tively) are approximately the same distance from the

edge ofthe mandril, and the fourth peak "d" is slightly
further away from the end of the mandril. Also, the
end of the stent near peak "a“ is connected to the
apex of peak "d", the result of this connection is that

peaks "a", "b" and "c" are substantially equally spaced
around the circumference of the mandril and are all

at the approximately same distance from the end of
the mandril.

in practice, the connection between the loop and

the filament is slldable along the filament 11, thereby
allowing for radial expansion. Although this connec-
tion can be easily made using a loop as shown, it can
also be made by, for example, using a bracket. The

connector could also be made by brazing, welding, or
gluing the end to the filament.

When the above-described stent is_wound '
around a mandril in the shape of a tight spiral, the
non-expanded form of the stent provides a prole that
is lower than conventional stents, and the "tines" of

the non-expanded stent are almost parallel and
packed closely together. This is important because

such stent can be accommodated through a smaller
incision and. therefore, reduces blood loss during sur-
gery. Furthermore, such a stent can provide an ex-

pansion ratio of about 10:1, enabling it to be used in
large arteries.

As shown in Figure 12. the connections at the

ends of the filament 11 create a circular hoop near
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each end of the stent with no sharp edges, or point,
protruding from the perimeter to project into a lumen
or to catch on the balloon or plaque inside ofa vessel.
Also. because the centerline of the smaller wave-

forms is arranged along the circumference of the

stent, the end hoops allow the stentto fitsnugly inside
the lumen and prevent migration. in other words. in

this arrangement, the hoops expand radially to lock

the expanded stent in place in a lumen while permit-
ting only limited longitudinal expansion.

Figure 7 shows a preferred alternative waveform

which can be used in making a stent. The waveform

of Figure 7 isformed from a series of U-shaped bends

having substantially straight legs on each side of the

curved portion of each "U'. The legs are preferably

parallel; but they may also be formed at angles to
each other. The curved portions are preferably semi-
circular, however, other shapes of curves can be

used to connect the straight legs in each bend. The
curved portions may have the same or different si-

zes. it is also preferred that the curved portions are

connected to the straight portions at the tangent of
each curve in order to prevent any discontinuities in
the length of the filament.

Figure 8 shows the relative positions of the U-

shaped bends for each component section A, B, C of

the preferred alternative waveform of Figure 7. Sec-
tions Aand C of the waveform are upside down mirror

images of each other. The broken lines in Figure 8 are
reference lines which are preferably equally spaced
and parallel. However, it is also possible to form the
stent so that the top and bottom reference lines are

parallel to each other but not equally spaced from or
parallel to the other reference lines.

Defining the distance between the reference
lines as one unit of measurement, then each of the U-
shaped bends in end sections A and C each have a

different length. For example, U-shaped bend 1 is
one unit long while U-shaped bend 3 is three units

long. Similarly, U-shaped band 7' is one unit long
while U-shaped bend 5’ is three units long. in con-

trast, each ofthe waveforms in section B has one long
leg which is four units long and one short leg which is
three units long. For example, the left leg of U-shaped

bend 5 is four units long while the right leg is three
units long as measured between the reference lines.

Each of the curved portions, except for the ends of

the lament, are preferably semicircular with a diame-
ter of one unit. The curved portion at each end ofthe
filament is preferably one half of the semicircular arc.

However, other shapes and proportions may also be
used to appropriately size the stent.

As shown in Figure 9. the stent is formed by wrap-
ping the waveform of Figure 7 around a mandril which
is preferably cylindrical. However, mandrils with other

shapes could also be used. The waveform is prefer-

ably wrapped around the mandril so that the legs of
each U-shaped bend are parallel to the axis of the
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mandril. in this configuration, a single wire may be
formed into an extremely rigid tubular structure with
very little material to disturb how inside the lumen.

However, the waveform might also be wrapped
around the mandril in a slightly spiral manner. Once
the waveform is wrapped around the mandril, the out-
side edge of curves on the same reference line will be

arranged back-to-back adjacent to (or overlapping
with) each other. For example, the outside edge of

curve 1 will beiback-to-back with the outside edge of
curve 1'. Similarly, the outside edge of curve 7 will be

adjacent to curve 7’. The outside edges of these U-

shaped bends can then be fastened together by any
conventional means such as welding, brazing, solder-
lng, or gluing.

Figures 10, 11, and 12 illustrate the stent which

is formed by wrapping the waveform of Figure 8
around a circular mandril with the reference lines ar-

ranged on the circumference of the mandril. it will be

apparent that each ofthe labeled U-shaped bends on
parallel reference lines in Figure 8 have been con-

nected in Figures 10 and 11. For example, U-shaped
bend 7' is shown to be connected to U-shaped bend
7 at the top of Figure 10. Although it is preferred that
the U-shaped bends are welded, it is also possible to
form the connecting portions of the filament from a
single piece of material in order to eliminate the need

for connecting each of the appropriate U-shaped

bends. The ends of the filament are also connecting

back to the filament and trimmed in order to remove
any excess filament precluding from the free end.

The rigidity of the structure may be controlled by
welding less than all of the adjacent curved portions.
For example, a stent with only half the U-shaped por-

tions welded together would be approximately half as
rigidas a stent with all the tangent points welded to-
gether. Of course, the stent can also be used without

any connections between adjacent curved portions.

The lowest possible profile (i.e. diameter) is pro-

vided by arranging the long leg of each U-shaped
bend parallel to the axis ofthe catheter before it is in-

serted into a lumen. This arrangement increases the
diameter to which the stent can be expanded without.

at the same time, decreasing the end-to-end length

of the stent. By increasing or decreasing the length
of the long leg of each U-shaped bend, one can alter

the expansion ratio without altering the profile. Con-
sequently. a nearly unlimited circumferential expan-

sion ratio may be created without contracting the
stent along its longitudinal axis. The expansion ratio
is therefore nearly independent of this profile.

When expanded. each of the U-shaped portions

in the stent may assume a rhomboid al pattern where
the legs of each U-shaped bend are no longer paral-
lel. The expansion ratio of the stent may therefore ex-
ceed 10 to 1 in terms of the expanded diameter ver-
sus the unexpanded diameter of the stent. Conse-

quently, the outside surface of the stent touching the
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vessel is small while the effective support area is very
large. This feature dramatically reduces the possibil-
‘ity of causing any hemodynamic disturbances inside

the vein or artery because of the stent. The large ex-
pansion ratio also allows the stent to be used with

smaller incisions. Moreover, this configuration allows
the stent to be flexible in the radial direction in order

to accommodate the pulsation of an artery.
The stent may also be coated with anti-

thromboiytic agents in order to limit the thrombotic

formation which often accompanies angioplasty.
Figures 13-16 illustrate a typical stent of which

could represent any one of the embodiments descri-

bed above. Figure 13 shows a typical stent mounted
on a 4/5 F balloon (4-1 Omm) with a 6/7 F sheath. The

apparatus of Figure 13 is preferably used with a.078-
.091 guide sheath. Figure 14 shows the stent, inside

a graft, being used to repair a pseudo-aneurysm in a
common femoral artery. The stent 8 is placed inside

graft 9 which blocks off pseudo-aneurysm 13. Al-
though the stent is shown to be completely inside

‘ graft 9, it may also extend outside the edges of the
graft in order to provide additional support for the in-
cisions at the end ofthe graft.

Figure 15 shows two stents being used at each

end ofa graft to bypass an occlusion 23 in, for exam-
ple, the femoral-popiiteal artery. Figure 16 illustrates

how three stents can be used with a branched graft
to repair an aorto-iliac aneurysm 33. The graft 9 is
placed inside the aneurysm and secured at one end

to the aorta 35. The other ends of the graft are simi-
larly stented to iliac branches 37.

Figure 16 also illustrates how the catheter of Fig-
ure 17 can be used to insert the stent 8 inside a lu-

men. Typically, a short incision is made in the lumen

(for example. a vein or artery) and the stent, which is

mounted on the balloon, is then slipped into the inci-
sion. When the stent is in place, the balloon is ex-

panded in order to expand the stent against the inside
walls of the lumen. Once the stent is in place. the bai-

loon is deflated and removed through the inside of
the stent and the incision in order to leave the stent
in place.

Various advantages of the present invention can

now be understood. For example, the above-

described stent uses substantially less material than
conventional stents (especially knitted ones with
overlapping wires) and. therefore, introduces a sub-

stantially lesser quantity of foreign material into a lu-
men. The stent also provides a maximum amount of
structural support with a minimum amount of materi-

al. As another example, the above-described stent
connects its filament ends back onto the lament to

prevent thrombosis in blood vessels or damage to any
type of a lumen well such as is caused by stents that
have loose wire ends that protrude into a lumen.

Another advantage of the above-described stent

is that it provides substantial radial expansion with
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only limited longitudinal migration and. therefore, re-
duces the problem of migration inside a lumen. More

particularly, the hoops and end component sections
at_each end of the above-described stent reduce mi-

gration by securing the stent inside ofa lumen. in the

preferred embodiment, the hoops. and component
sections, as well as the splrai shape of the stent itself
are oriented to inhibit longitudinal growth ofthe stent
during radial expansion.

Yet another advantage of the above-described

stent is that it provides sufflcientflexibility to allow im-
plantation in tortuous lumens and in applications
where lumen bending is required. This overcomes the
problem with conventional stents that are so stiffthat

they are difficult to negotiate through a tortuous ves-
sel during implantation. Furthermore, a stiff stent can
cause damage to certain vessels. such as those

around joints, that require flexibility.

The stent is formed from a continuous wire shap-
ed into the planar pattern or waveform illustrated in

Figure 17. The pattern in Figure 17 includes a series

of alternating U-shaped waves having a period p with
peaks 10 and valleys 12 interconnected by substan-
tially straight sections 14. The straight sections 14 are

substantially parallel to each other in Figures 17, 18

and 20 and are therefore depicted as straight vertical
lines in those figures. However. the term "substantial-

ly parallel" also refers to the configuration of the

straight portions 14 illustrated in the compressed pla-

nar (and generally sinusoidal) waveforms of Figures
19 and 21. The peaks 10 and valleys 12 are preferably
semicircular and arranged to intersect straight por-
tions 14 at the tangent of each curved peak or valley
so that there are no discontinuities in the wire. How-

ever, other curved oriinear sh apes may also be used

to form the peaks 10 and valleys 12. Each U-shape
wave includes an ascending side 14a and a descend-
lng side 14b.

The outermost portions of the peaks 10 and val-
leys 12 in the middle section of the waveform are

aligned along parallel axes 16 and 18, respectively.
The axes 16 and 18 form an acute angle o. with re-

spect to the straight portions 14. The angle 0. is pre-
ferably 45 degrees so that if distance between each

straightsection is one unit. then each U-shaped wave
in the middle section has one leg that is three units

long while the other leg is four units long as illustrated
by the parallel horizontal reference lines in Figure 17.
Other relative dimensions and angles, however, can

be used. Acurved stent can also be formed by, for ex-

ample. slightly increasing the length of every third

wave and decreasing the length of a corresponding
wave in order to form an arched configuration where
one side ofthe tubular body is slightly longer than an-
other side.

There are two waves 20 of different amplitudes at
each end of the stent which each have two sides of

the same length. The and sections of the waveform
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include peaks 10a, 10b, and 10c at one end of the

stent and valleys 12a, 12b. and 12c at the other end.

The outer edges or apexes. of valleys 12a, 12b, and

12c are aligned along axis 28 which is substantially
perpendicular to the straight portions 14 (i.e. horizon-

tal in Figure 17). Similarly. the apexes of peaks 10a,

1 0b, 10c are aligned with an axis 30 which is also per-
pendicular to the straight portions 14 of the waves 22

but displaced from axis 30. The ends of the wire 24,
26 are preferably formed into half a valley 12 at one
end and half ofa peak 10 at the other end. The ends

26 may also include a small, straight portion (not
shown) which may be parallel or perpendicular to the
straight portions 14.

Referring to Figure 18. the stent is formed by
wrapping the waveform of Figure 17 around a mandril

32. The peak 10 of one wave coincides with the valley
12 of another wave when the waveform of Figure 17
is wrapped around mandril 32 with straight portions
14 aligned with the longitudinal, or central. axis ofthe
mandril 32. Figure 18 illustrates the end 24 of the wa-
veform wrapped around the mandril 32 so that the

end 24 is tangent to point 24’. Similarly, end 26 will be
tangent to point 26' when the wave is completely
wrapped around the mandril 32. The ends 24, 26 of
some or all of the Junctions are then bonded to one

another over relatively short lengths to form bonded

cells by spot welding. spot brazing. soldering. tying.
looping. adhesive bonding. or other suitable means to

the points 24' and 26' respectively, so that the ends

of the wire are not exposed where they could snag or
otherwise interfere with the placement of the stent in
the vessel.

in practice. electric resistance welding has been

found to offer the most secure metal to metal bond by
minimizing the amount ofoxidation that occurs during
bonding process. As the wire is wrapped on the man-

dril. some or all of the successive junctions between
the peaks 10 and valleys 12 may be bonded in a sim-

ilar manner until the stent is complete. The flexibility
of the stent can be controlled by bonding fewer than

all ofthe peaks 10 to corresponding valleys 11.
The stent may then be compressed on consecu-

tlvely small diameter mandrils so that the straightsec-
tions 14 in Figure 17 are no longer exactly parallel. but
still "substantially parallel", i.e. less than 10° from be-

ing parallel. to the longitudinal axis of the mandril so

the wave pattern takes on a generally sinusoidal
shape such as the one illustrated in Figures 19 and

21. The planar waveform of Figure 17 may also be
compressed perpendicular to straight sections 14 in
order to form the nearly sinusoidal pattern illustrated
in Figure 19 before being wrapped around the mandril
32. The stent is then removed from the smallest man-

dril and the stent is arranged on the balloon catheter.

The structure of the stentof the present invention

is capable of expanding radially when subjected to
the internal pressure of an expanding catheter bal-
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icon. The peaks 10 and valleys 12 between the

waves operate like flexible junctions or hinges to al-
low the straight portions 14 to swing outwardly. obli-
que to the central axis ofthe body ofthe stent. Unlike

hinges, however. after the stent is expanded. the
junctions resist displacement of the straight sections
in the opposite direction (for example. due to the com-
pressive force of the lumen) which would tend to re-
duce the diameter of the expanded stent. The resis-

tance of these junctions to compression (i.e. hoop
strength) is caused by placing a stress on the material
at the junction which exceeds the elastic limit of the

material, so that the material near the junction is

plastically deformed and thus resists any tendency
for the stent to collapse inside a lumen. The wire and
the bonding material should therefore be a low mem-
ory material.

Figures 17 and 18 illustrate a waveform where

the period (or wavelength) of each wave p is roughly
one-fourth of the mandril circumference c. This con-

figuration has been found to minimize the number of

waves, the number of bonds between waves, and

amount of wire required to adequately support the lu-
men. For the embodiments illustrated in Figures 17
and 18. the end ofthe stentwill have three peaks 10a,
10b and 10c. and three valleys 12a, 12b and 12c ex-

posed on the end of the expanded stent. The apex of
peaks 10a. 10b and 10c and valleys 12a. 12b and 12c

are equally spaced at 120. 240 and 360 degrees, re-

spectively. around the end face of the stent. This pre-
ferred configuration provides the maximum lumen

support and minimum profile (l.e. diameter) in the un-
expanded state using the least possible amount of

foreign material inside the body. Conventional stents

have been found to use more than three peaks or vai-

leys around the end circumference of the body which
increases their unexpanded profile and uses more

material than is necessary. When the stent ls prop-
erly expanded,'each apex of peaks 10a-10c and val-

leys 12a-12c moves only in the radial direction away
from the longitudinal axis of the tubular body of the
stent. Consequently, the presentstent will not migrate
inside a lumen during expansion.

Figures 20 and 21 illustrate the arrangement of
the waves (from the waveforms of Figures 18 and 19,
respectively) around the circumference of the mandril
32 or body of the stent when the stent is in its unex-

panded state. in both Figures 20 and 21. the straight
portions 14 are ‘substantially parallel" to longitudinal
axis of the tubular body of the stent which is illustrated

by the centeriine in each of the Figures.
Figure 22 shows an enlargement of one of the

cells 39 formed from the wave pattern of Figures 20
or 21 when the stent is in an expanded state. The cell

39 can also be described as a r_hombic shape having
four sides 34, 36. 38 and 40 where sides 34 and 36

are formed from one straight portion 14 and sides 38

and 40 are formed from another straight portion 14
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which is adjacent to the other straight portion. The

wire is preferably bonded at the pointof tangency be-
tween adjacent sides 34, 36 and 38. 40 of cell 39. it

is clear from Figure 10, 11 and 22 thatthe straight por-
tions will extend oblique to the central axis ofthe tub-

ular body (shown by the centerline in the figures)

when the stent is expanded to form a rhombic shaped
cell.

The ultimate degree of expansion or expansion
ratio of the stent can be adjusted by changing the
height of the waves defined by the distance between

axis 18 and axis 20. Increasing the length of straight
sections 14 increases the ultimate expansion ratio of
the stent without affecting its compressed or unex-

panded diameter or profile. Consequently. the ulti-
mate expanded diameter of the stent is independent
of its unexpanded diameter so that one size stent can

be used with almost any size lumen. Moreover, even

large lumens can be supported with a stent that has

a small unexpanded profile so that bleeding and ves-
sel damage is minimized during implantation. In prac-

tice, the stenthas been found to work well with expan-

sion ratios of between 1:1 and 10:1; however. larger
expansion ratios are also possible. The ultimate ex-

pansion ratio can also be increased by decreasing the
period of the waves p andlor the distance between
straight sections 14 so that more waves are created
around the circumference of the stent.

Figure 23 shows the stent. inside a graft, being
used to repair a pseudo-aneurysm in a common fe-

moral artery. The stent B is placed inside graft 41

which blocks off pseudo-aneurysm 42. Although the
stent is shown to be completely inside graft 41. it may
also extend outside the edges of the graft in order to
provide additional support forthe incisions at the end
of the graft.

in another preferred embodiment, a vascular

prosthesis stent according to the present invention is
constructed from a continuous wire that is half-round

(i.e. semi-circular) in transverse cross-section. in
otherwords, in transverse cross-section, the wire has

a semi-circular side and a substantially planar side. in
a completed stent. the semi-circular wire profiles are

all on the exterior of the stent body while the planar
portions of the wire are all on the interior. As a result,

the interior of the stent - comprised of the cross-

sectionai diameters of the wires -- provides a gener-
ally smooth surface that minimizes blood flow turbu-

lence along the interior of the stent.
As compared to full-round wire stents, the stent

of this embodiment provides less topography or ele-
vation of the stent in a vessel. This is important be-
cause the stent is a foreign body relative to the vessel
and will elicit a tissue reaction that covers the stent

and incorporates it into the vessel wall. in comparison
to full-round wire stents, the stent of this embodiment

reduces the thickness of foreign material which pro-

jects into the lumen and is in contact with flowing
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blood. Because the stent is generally flush with the

vessel wall, itwill incite a less exuberant. thinnerlayer
of healing tissue to cover the prosthesis. This results

in less compromise of the vessel lumen. Therefore, in
comparison to full-round wire stents of the other em-

bodiments, the stent of this embodiment will allow a
larger luminal diameter than full-round wire stents

and, therefore. provides a relatively larger internal
flow diameter of blood flow through a vessel.

in this preferred embodiment, the vascular pros-

thesis stent has a sufficiently low profile (i.e. external
diameter) in its compressed state that the stent can

be inserted through a relatively small aperture in a

blood vessel wall, thereby minimizing bleeding and
damage to the vessel. Also. the low prole allows the

stent to be easily moved through narrow vessels.
Further, the vascular prosthesis stent has a com-

pressed profile which is independent of its expansion

ratio. In other words, the ultimate expanded diameter

of the stent is not a function of its compressed profile
and, therefore, one size ste nt can be used forlumens

of a wide range of diameters.
Still further in this preferred embodiment, the

vascular prosthesis stent has substantial flexibility in

its compressed state while being generally rigid and
having a high hoop strength in its expanded state.
The flexibility of the compressed stent is important.

as mentioned above, for inserting the stent through
tortuous lumens. The hoop strength is important for

resisting the radial forces from the artery after the

stent is in place. Also, with the stent being substan-
tially rigid after it is expanded inside a vessel. move-
ment of the stent against the vessel intima is reduced
after the stent is implanted. The reduction in move-

ment is importantfor reducing trauma and for promot-
ing healing of the vessel.

Even further still, the vascular prosthesis stent of

this embodiment, has a tubuiarly-shaped body com-
prised of a plurality of oblong, open cells which are

staggered around the circumference of the body such

that when the stent is in its compressed condition, the
long sides of each oblong cell are substantially paral-
lel to the stent’s longitudinal axis. The adjoining cells
normally are bonded together at a point between ad-
jacent parallel sides on a call so that, when the stent
is expanded. the adjacent sides of each cell extend at

an oblique angle to the longitudinal axis of the stent.
A vascular prosthesis stent. as shown in Figures

24 to 26, has a tubularly-shaped body 22 formed from

a continuous wire or the like. The tubuiarly-shaped
body preferably is comprised of a plurality of cells that
are formed from the continuous wire. with each of the

cells having a plurality of sides. The cell sides extend
substantially parallel to the longitudinal axis ofthe tu-

bularly-shaped body when it is compressed (Figure
24), but extend obliquely to the longitudinal axis ofthe

tubularly-shaped body when it is-expanded (Figure
25). The construction of the stent is as described
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above except that, as can be seen in Figure 28. the
continuous wire thatforms the tubularly-shaped stent
body is half-round (i.e., semi-circular) in transverse
cross-section. In other words, in transverse cross-
section, the wire has a semi-circular side 25 and a

substantially planar side 27. The substantially planar
side 27 generally corresponds to the diameter of the

wire. In practice. the planar side is smooth and has a
polished appearance.

From the following, it can be understood that it is

important forthe stent wire to have a substantially pia-
nar side, but it is not necessary that the remainder of
the periphery ofthe wire be semi-circular. indeed, the
remainder of the periphery of the wire can have a va-

riety of arcuate and non-arcuate shapes.
As can be seen in Figure 27. the continuous wire

is wound such that the semi-circular wire profiles 25

are all on the exterior of the tubularly-shaped stent
body while the planar portions 27 are all on the inter-
ior of the stent. As compared to a full-round wire de-

sign, the orientation of the half-round wire is impor-
tant so thatthe interiorofthe stent -- comprised ofthe

cross-sectional diameters of the wires -- provides a
generally smooth surface that minimizes blood flow

turbulence along the interior of the stent and reduces

the thickness of reactive tissue required to cover the
prosthesis and incorporate it into vessel wall.

in use of the above-described stent, the stent is

maneuvered along a blood vessel until it reaches de-

sired location, wh ereat the stent is expanded by a bal-
loon catheter for lodging inside of a lumen. When so
expanded, the semi-circular profiles of the wires on

the exterior of the stent press into the vessel wall. In

fact. as suggested by Figure 29A. the stent may ex-
pand suificiently that all of the semi-circular profiles
on the exterior of the stent are embedded in a vessel

wall 29 to the extent that the planar portions of the
wire are substa ntiaily flush with the vessel wall. As a

result. the inteI'ior of the lumen is generally smooth
without impedance from the embedded stent.

There are several benefits to the stent to the con-

figuration shown in Figure 24. One benefit. as men-

tioned above, is that the stent offers a generally
smooth surface that reduces turbulence on blood

flowing along the lumina supported by the stent and
encourages blood platelet aggregation. As a result,
this configuration minimizes the traumatic effect of

the stent on vessels and blood cells. Further, this
configuration promotes healing of the vessel.

As compared to full-round wire stents. the stent

of this embodiment provides less topography, or ele-
vation. of the stent in the vessel. This isimportant be-
cause the stent configuration allows its planar sur-

face to be embedded in a manner substantially flush
with the inner surface of the vessel wall. Co nsequent-
ly, the normal healing reaction of the vessel wall in re-

sponse to the stent insertion is relatively thin and less
exuberant than that required to incorporate a full-
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round wire design which projects further into the lu-

men from the vessel wall. As an example. Figure 29B
shows the vessel of Figure 29A with tissue healed

over the stent; typically, the tissue layer (lntimal hy-
perplasia) is about 100 angstroms thick.

Also in comparison to full-round wire stents, the .
stent of this embodiment requires less reactive tissue

to incorporate the stent into the vessel wall. Again this
is important because the neointimal layer will be corn-
pieted faster when the reaction requires less reactive
tissue. Finally in comparision to full-rou nd wire stents,
because the stent ofthis embodiment elicits a thinner

circumferential layer of tissue having, it can yield a
larger luminal diameter than full-round the stents and.
therefore, provides a larger internal fiow diameterfor
blood flow.

Figures 30 and 31 Ashow patterns orwaveforms
of the wire that forms the stent similar to that descri-

bed in connection with Figures 17 and 18.

As further shown in Figure 30, the peaks 10 and

valleys 12 are interconnected by substantially straight

sections 14. The straightsections 14 are substantially
parallel to each other and, forthat reason. are depict-

ed as straight vertical lines in the drawings. (The term
"substantially parallel" is intended to encompass the
configuration of the straight portions 14 in the com-

pressed and expanded stent.) In practice, the peaks
and valleys are generally semicircular in shape and
arranged to intersect the straight portions 14 at the

tangent of each curved peak or valley, with the result
that there are no discontunuities in the wire.

The formation of the stent about the mandrel in

the other preferred embodiment can be summarized
by observing that the continuous wire is formed into

an asymmetric undulating wave pattern around the

circumference of the tubularly-shaped stent body
with each wave having a long ascending side and a

short descending side, with a peak between the long
ascending side and the short descending side valley

between the short descending side and a long as-
cending side of an adjacent wave, and the ascending

and descending sides of each wave being arranged
substantially parallel to the longitudinal axis of the
body when the body is in compressed condition. Fur-

ther. as the continuous wire is wound around the cyl-

indrical mandril, the wire configuration is adjusted so

that the n“' peak comes into tangency with the valley
immediately following peak n*h+3, and so forth so that

all peaks and valleys are in tangency. Then pairs of

the tangent points are fixed together over relatively
shortlengths by means offor example a spot weld to
form a plurality of cells arranged substantially parallel

to the long axis of the mandrel. Preferably, the long
side of the wave and the short side of the wave are

in a ratio of about 4:3. Also, as mentioned above, at

least some of the peaks and valley of the waves are
bonded together to form a plurality of cells.

it should be particularly noted the waveform is
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wrapped around the mandrel 32 so that the planar
face of the half-round wire is in contact with the man-

drel. That is, the mandrel surface is tangent to the
substantially planar face of the haif—round wire and
the semi—circuiar surface ofthe half-round wire faces

outward from the mandrel. Thus, when the tubuiarly-
shaped stent is removed from the mandrel, it is in the

compressed condition shown in Figure 24.
it should also be noted that the end 24 ofthe wa-

veform is wrapped around the mandn'l 32 so it is tan-

gent to point 24‘. Similarly, end 26 is tangent to point
26’ when the wave is completely wrapped around the
mandril 32. in practice, the ends 24. 26 are bonded

(as by welding, brazing, soldering. tying. looping, ad-

hesive bonding, or other suitable means) so that the
ends ofthe wire are not exposed to snag orotherwise
interfere wit h the placement of the stent in the vessel.

The planar waveform is compressed perpendic-

ular to straightsections 14 to form an undulating pat-
tern before being wrapped around the mandril 32. in

these conditions, the straight portions 14 are sub-

stantially parallel to longitudinal axis of the tubuiar|y-
shaped stent body.

Referring again to Figure 24, it can be seen that

the side profile ofthe stent in its expanded state is de-

fined by cells that have generally rhomblc shapes
with four sides.As mentioned above. the wire is bond-

ed at the tangent points between adjacent sides to

form bonded cells. The above-discussed straight por-
tions 14 extend obliquely to the central axis of the tu-

bularly-shaped body when the stent is expanded as
shown in Figure 25.

In operation, the compressed stent is mounted on

a catheter for insertion into a lumen. Then, during im-
plantation. the compressed stent 22 and a catheter
balloon are withdrawn inside the sheath onto the
catheter while the sheath is slid inside a vessel lu-

men. Then. after the compressed stent 22 is moved

to its appropriate position, the sheath is partially with-
drawn so that the compressed stent 22 and the bal-
loon are exposed inside the lumen. The balloon is

then inflated and the stent 22 is expanded inside the
lumen. Finally, the balloon is deflated and the cath-
eter is removed from the lumen without the stent.

The stent material preferably has “low memory."
which is to say that it does not try to resume its original
shape after it is.deformed. This is important for pre-

venting the stentfrom recoiling to its compressed con-
dition after implantation. in one preferred embodi-
ment, the stent is formed from about 0.006 to 0.020

inch diameter annealed tantalum wire. The stent ma-

terial may also be radio-opaque to allow its location in

a vessel to be verified through fluoroscopic examin-

atlon. Preferably. the stent is made from a biocompat-
ible material (such as stainless steel) or a bio-absorb-

able materiai (such as Vicryl). The stent may also be
coated with anti-thrombolytlc or anti-coagulant
agents such as Dextran. Heparin, t-PA, poIytetra-
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fluoroethylene, or ultra low-temperature isotropic car-
bon.

it is important forthe stentwire to have a substan-

tially planar side, but the remainder of the periphery
of the wire can have a variety of arcuate and non—arc-
uate shapes.

it has been found by the present inventor that an
ideal vascular prosthesis should include several fea-
tures. The stent should be formed from as little mate-

rial as possible with a low profile (i.e. diameter) in its

unexpanded state so that it can be inserted through
the smallest possible hole in the vessel wall in order

to control bleeding and damage to the vessel. A low

profile also allows the stent to be more easily moved
through narrow vessels. Furthermore, it is preferable

that the unexpanded profile ofthe stent be indepen-
dent of its expansion ratio. in other words, besides

needing the smallest possible profile during insertion,

there is also a need to be able to change the ultimate

expansion ratio of the stent without affecting its un-
. expanded profile so that one size stent can be used

with almost any size lumen.

The stent should also have high flexibility in its
unexpanded state and excellent hoop strength in its
expanded state. in practice, it has been found to be

difficult to design a stent with both of these charac-

teristics. Flexibility is needed to insert the stent

through tortuous lumens while hoop strength is need-

ed to resist the radial forces from the artery once the
stent is in place. The stent should also be rigid once
it is expanded inside a vessel in order to minimize its

movement against the vessel lnflma after it is in place
« and to promote healing of the vessel after placement.

Furthermore, the flexibility of the design should be

adjustable without changing the size or configuration
of the stent.

The stent should be altraumatic to vessels and

blood cells. Itshould therefore be formed from as little

biocompatibie material as possible. The stent should

not have any exterior tines or sharp edges which
could damage the wall ofthe vessel. It should also not

have any interior tines which could damage the cath-
eter balloon or cause hemodynamic disturbances

which might Interfere with the flow of blood through
the stent. The material from which the stent is formed

is preferably a low memory. radio-opaque material. in

other words, the stent should maintain its shape with-
out recoil once it is expanded inside the vessel and

should be visible during fluoroscopy in order to be
able to verify that the stent has not migrated from its
intended position.

in the preferred embodiments, the vascular stent
includes a continuous wire which is formed into a sub-

stantially tubular body. The wire forms a plurality of
oblong, open cells which are staggered around the

circumference of the tube. When the body is formed

in its unexpanded state, the long sides of each oblong
cell are arranged substantially parallel to the longitu-
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dinal or axis of the tubular body. Adjoining cells may
then be bonded together at a point between adjacent
parallel sldes on a cell. When the body is expanded.
the adjacent sides of each cell extend oblique to the
longitudinal axis of the body.

Claims

1.
Avescular stent comprising a tubular body with a
plurality of cells, each with a plurality of sides
formed by wire, CHARACTERISED IN THAT the

sides of the cells extend substantially parallel to

a longitudinal axis of the tubular body when the
latter is in an unexpanded state, and in that the
sides of at least certain of the cells extend obli-
quely to the longitudinal axis when the tubular
body is in an expanded state.

A stent according to claim 1, CHARACTERISED
IN THAT adjacent sides of at least certain sides

of adjacent cells are interconnected by coupling
or fixing together in such a manner thatthe stent

comprises a plurality of interconnected cells
which when in an expanded state are formed into

rhomboid shape.

A stent according to claim 2, CHARACTERISED

IN THAT the plurality of cells are formed from a .

continuous wire shaped into a substantially tubu-
lar body wit h adjacent cells whose adjacent sides
have been coupled or fixed together.

A stent according to claim 3, CHARACTERISED

IN THAT the said adjacent sides are spot welded
together at one distinct location perside.

A stent according to claim 3 or 4. CHARACTER-

ISED IN THAT upon expansion ofthe stent, each

said adjacent side rotates about the point of the
coupling or fixing. in order to form the said rhorn-
boid shaped cells.

A stent according to claim 3, 4 or 5, CHARAG

TERISED IN THAT upon expansion, the continu-
ous wire is deformed past its elastic limit, where-

by the expanded tube will retain its expanded
state.

A stent according to any one preceding claim,
CHARACTERISED IN THAT the wire is of sub-
stantially semicircular cross-section with the flat

side thereof inward facing.

Amethod of making a vascular stent. comprising
the steps of forming a wire into a substantially si-
nusoidal wave pattern, and wrapping the wire
around a mandrii to form the stent. CHARAC-
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TERISED IN THAT the said wave pattern has
substantially straight portions which are substan-

tially aligned with the longitudinai axls.of the

mandrii, and in that the wire optionally has a sem-

icircular cross-section with the flat portion facing
the interior of the stent.

Amethod according to claim 8, further CHARAG
TERISED BY the step of coupling or bonding to-
gether at discrete locations on adjacent sides of
adjacent cells so that the stent is formed into a
plurality of interconn ected cells each of which can
rotate about the said discrete locations to form a

rhomboid shape upon expansion of the stent.

A method according to claim 9, CHARACTER-

ISED IN THAT the substantially sinusoidally

shaped wire is substantially U-shaped arranged
so that upon winding longitudinally spaced vai-

leys coincide with longitudinally spaced peaks.
and in that the peaks and valleys are coupled or

fixed together, and in that substantially straight
adjacent cells sides of the U-shaped wires are
fixed together at specific locations about which

the wire rotates upon expansion to form the
rhomboid shaped cells.



1146

EP 0 565 251 A1

IIIi0

Ma
12

1146



1147

EP 0 565 251 A1

‘NU

an

Mu

Im...A
13

1147



1148

EP 0 565 251 A1

114s 



1149



1150

EP 0 565 251 A1



1151

EP 0 565 251 A1

  
F763. /6,

17

1151



1152

EP 0 565 251 A1

1152



1153

EP 0 565 251 A1

19

1153

10

H

/1461

/ :41:

17.

FIG..— 23



1154T 1154



1155



1156

EP 0 565 251 A1

%FIG._Z6 %



1157



1158

 

 

FIG._5lB

EP 0 555 251 A1

I £ 

 
1158

MA

148

  



1159

EPOFORMI5030.1.52(P0100

EP 0 565 251 A1

::)‘;"_|':':"“" P"'°"’ EUROPEAN SEARCH REPORT _ ‘”""“°" ““"""'

DOCUMENTS CONSIDERED TO BE RELEVANT -E? 93302066 - 1

cuegory Citation of document with indication. when app:-optiale. Relevant CLASSIFICATION OF ms4:! relevant passages to daim APPLICATION (Inc. CL5)

x US — A — 4 733 665 1-5
(J.C. PALMAZ)

A561 M 29/00
A 61 F 2/06

* Fig. 1A—2B; column 5.

line 24 — column 6, line 52;
column 6. line 67 - column 7
line 28 *

Us — A — 4 800 882

(C . GIANTURCO)
* Totality *

 
W 0 9 _D0Ii'¢,u-I’. 1 at lit Mid

CATEGORY OF CITED DOCUMENTS 'l' : lheory or prlndple uadeflylng “II invention
E : arlia patent document. but published on. or

: panicutavly relevant H’ Iakeu alone after lha filing data
panlcularly relevant If combined with another D : document died in In applicauon
document of III: same category L : documenl died [or othu rasans

: technological baclgmund
: nun-wrllun disclosure G : member 0! lh:;:Tne ;;t.enI fuui|y."‘;;:;'|;;;5;|;£mmmm mm .: intermediate document document

25

1159



1160

C ?t1at’Ji on

®E$EfififiUN

®fi§%%fifiM)

®1‘~"r%‘flfi§3’.z}fi

iF5—5o9oo8

®£§ Wmsmummmnma

 

®Int.Cl.' %S|JE% J‘-T-Pififlfifi ¥ E E 3!? iE.?§5?€
A 31 M 29/02 9o52_.4c ¥{§¥§§5?€ E $F'i (I25?) 1 (2)

. » (Q 12 E)
®%%w£W iwmflfixiyr

@fi FE ‘F3-510977 ®§3RIEfliB ‘F 4 (l992)llH l8B

®@Hi E -‘F3(1991)5Fll7El ® 5% Hi 3 PCT/U591/03454
@EF.%L‘Bfi§%' W091 / 17789

®F.%'.:}§fiE! 5F3(1991)11Fl28E!
Ekfiifi ®1990£»=- 5 H18 E|@:3KE( U s )®524.884

@§E “H E‘ 1777» '1-’f"\’—F-I7. '7:"}iJ‘é‘KlE. /‘—Z'7Jl=|'3‘f§‘H'| Z7514. -7-'\"<Jv-1:
JP‘ 7'7‘Jv:‘/ - 7') 7:‘/‘ - 1::-— F 6913

®tt’. E A 1577. ‘J-‘7’--\*—F-I1 72"):PJ‘é.‘KE‘ /-2-iJI=I5’f:H~H Z7514, ‘7"\"\')1—-I:
» _ iv. 771v:1:/-7"J':I:‘i-a—-F 6913

@ft E. A '7‘i=&:t: £951 itg #3-fl

®ra E A'I‘(£Z:&fi%'-).AU,BE(11:flfi3'F).CA,CH([Z:!a1$¥f).DE(I£fa.4$E'F).DK(rZ1&Fr%‘).E S(££'J&
1$3’r~).FR(12:H%"r§*F). GB(lZ!&#‘=¥£'4=). GR(LI:i&1$%'f). I T(J2.:i&fi§‘F). J P. LU(r£1&fi’-59‘-).NL(!I
mam), SE(IZufi§°P)

&$¥E‘b::fi<

Ififkmififi v){=t:1-;nr:fl-7-—-.7-/L7-1:‘/7')é:aJlfl‘%bu-T565!!!
1.E1::8El10'JX-7-‘xl~. '

1-fi1”fi$~§2”*fl~RUmfl51”“““5fi2 4.kfifltfififla.fiflfifimcfiiahtfiflflfifi

93fi3"|3i'C’i!fiL'CE§31’l-f:ifii§’E’fi"9'5§3XO$§B135'} ,.-)l,_~,¢;Eg.5_ §gp§I:']g§f;,<;[,—‘)a;91.fifi;;z-7—y |~

égcammmziyrraor.mafiaoigflfiu. mm9fifi9nfiflmfi1KEHDZ?>F¢ '

;rt$x::sav=:0=§mazac:a:>+_+r:;*;sa-:-:59. EMEIEEK 5_ 3:333:-fry I-2'.~*£EH4=§,Fl~11J1:t...-.7:5vJ52EJ‘3=.¢-'$=fi$11fiE§€‘FJ

fiuzannmfiuuamntswuufiflnmau0.5 01g?5gafium»_yuEE3ntfi$§4Efifim

{2tw1[5Zt«tvfH:z§?'l.H'L"E5:b~X$2?L’£—fiL‘C30. ii!!! ,...;.-,1.“

fluH10fiWLtfiE©XE3mB.E20mkLtfifi 5_mfi$u7—figm$u-L—5y&F§gcnmfi2

0kééiTfiEEEL~%nc&ef.$¥flflm§k& aEuo;;,p°

H0EfiWmiTfiHW%K3%L~flflfiwflflwfififi .7.mmzwauauwm.$wmu&mu;z%»¢xE

(fll:F'7=1‘=‘l;9~9§J'<.5,-¥‘§l:~ §2i7)f1I(7‘E$f1-f:LEEi‘L'5 ge“:§'é_v-.,-Iggy‘-§<\::£.g(;;§:}z1§13:331:03;-7-y}~,
REL. £E§B5?91HflIE$l$‘EU[53§PfH’E'fiEff2«tQ23%???"*3 8_ 571-33,-pan);-_1-;-;1,p(_ ,1!u—1_——‘;9-r|~“£-$1}, gala

tbm¥Et.iwflflfiflfiémkfimfltfifiiétb um77»&T555mg7EEum1?,M

o:$&e:*&$6. amaze’-> I-H. 'E¢DJ:£:fi«l3t1.i:1t1 9_ E-']‘E£‘*m]mt£<H-*:_‘fl(‘ -nag;

‘E0J¢'|:I:B3»ié£fLf:5$'fiJ:i=’§»'€7J§‘73¥§*l‘E‘§"9'55-Z<‘;‘E' ..NH_ (CH2 ) I —(:0— 1:3
“5‘3*¢T’3"7"""v -NH-(CH1)!—NH-C0-(CH2),-CO-
2. fiTJ!E$($fi1l1E£i7H5#m-1‘-U7-l7fi4‘L'$EnIH3K3.§1I:.IE (it¢_ n;15..,13‘ x;;5~12‘ y;;4~15'c=5

R017‘? 1*: ,5)
3. §§38B<‘:5l':fifiBB<‘;’£-fi'19'»E:é€}kfl-?---%1l-u Eflfififltit

fifi&Ea"EfiT5£~’$EE-'/—ZfiH=f. B'LU§i2fi!éfiE9%EE<‘:’£-fi'
Téwfla-1flH&fl$L.mEflm9—xflfluaAw

7--7-;uw:;:sufi1n2c:zwm1-an. mamas-2-zsuvr (3% ,,,,2.,8—¢.,,5,

izflfifl-'/—z£fl17fPiI:}'E!b?='I£‘él=El'Jf‘H1 -an. 1-7-> I-I1 ®,g,J,,,, .54 |_—,&3t;‘§3g§1;:!Eua3;;-7—y ;.,

¢=aa=.z>—xarma:s*ea:ps:a1a:. 9$§8-'/—7.§1H=f¢7>5EnflEB::n 1 1. éwaufimafik

m#Q7iF&3vfl$fi1uEuox?>h
1o.nm$wau&unm.?ma

H02 C-C6 H‘ -O- (CH2)n -0C6 H‘ -CO2 -11

1160

3



1161

(R0)3C—X-C(0R)3t

(H0CH2)CH—Y—CH(CH:OH)r
(x¢‘nu@m7»¢w&v$o\

x&Uvm.mau-C634-,xmnm1712d-
(CH2)—.Xm€né®E6%b€T$6)
mfimcgozunmux»+1x%»e3cmmm1um

nwzfur.

12.mmmmw¥aammmfimrs5mm§1umum

xfym

13.mmmmmmfimamr5ammfi1umnmx%y
m

14.fiE%M#fim$fiMRufim&ETfi5fi$fi1K

Eflmzfvm

15.mEmmm:a—r>wmwva5mmfi1cmnm

1?>m

16.i)z%>b®flE®mEé5i5&5u§#T?\

mma4ax>+zgmseamuu.z+>smwazn
‘Cl.\b7-r-?rx'x}~%?§M!éfl'6:t. &U‘

H)IEi)?@6nt745xyF&~m£745x>

rowmunnmmuaxmmutagauawrr.mm

74ax>+uHLt#$mta5aavsat.mafia

%tbu5fifi?%ménta§u§u$&.%nk;oT\

ma74axy+oum¢mm9x¢mRmaaémsE:

rza

e3cmma1u£amx?2roafiomaofimfia.

a:¢%fi&tt5z%>M

21.fifi¥&#.fiE$wflW£#H0m1&Um2ofi

fl®flfl®EfiW¢%m%3Um$E20mfiflwziyM

22.Wfi$WER&fiHMwM<tblommfifivbb.

mflfifiiam.iwflflfififlmmfiofilmflficflb

Hu&nnWUt&%flflT£D.iwfimfifinmfizo

ww#mfifi%fifimfiLrEMflfiT$6m$fi2Dufl

flmx?yr.

23.E1&U§2mE%flfi#5i6n.§%flfi%1o

m‘$wmu&wfimmma—+ma1mmmc§<mwu

éntmmfi22uflfl®1?>bo

2 4. i1flIEF§’.=‘.31H7f0J{-ft-E’t1.7bk 17N=103£1=lH"£-filifilléfz

nmEflfifiu¥&%3Um$fi23uEfloz%>M

25.flfi0$WWWfiHH®mHfl5i5h6m*§22

l:!Ei1lD17"/F.

26.fifi£Eflfim‘fifi®$X§8§fitfi&®#Xw

fi¢&$a.mE£2fluméo§1omfiv£R&3§fi

ofilofifltfiéén.&Rfifi®fi2mfifi#£R§E

§fi®H2oHwufiA$hmmmE20mEfl®z%>M

27.§1mfiw.fi2wfim.&UmEfi1ofifim9m

ZmfiflivflflLtfifizntmfléfiféfifiwififl

fi%3Ufinmmz%>brbor.mnfiuwififlfiu.

fiwfifimmfinwflficébttkéérbb‘fiflifi

flfiufiflfirbémxuenéfietfiéfitaiwfifl

&unweuo\enu;er.£¥m»ouamam&£

1161

2:: as: -‘F 5—5o9oos (2)
17.fiEHR#.745x>bme®z?7bomfimfi

1or74ax>b0fiH¢aEfisném*§16wEfl

05%.

18.mEmEm.745x>bmémz%ybmmfi&u

74fix>h®fl%¢E%fi3n5fl$fil6KEflDfiEu

19.l)Z?7b#EfiéhTh6745Xyh®fl§u

mfléfifirazt.

H)Ewt7»fifiwt%§UflEmE.mRfiu3AT

5:t.&U

iH)fiEHfim%¥wtLTEfi$&6:¢
&3Uflmfi1uEumx%>+¢t¥w&HDaGfiE.

20.fi1®fifi.$2®mfl.&UflEE1mfifl#é§

2wfimi?£ELtzazntmmifivafiumififi

fi£3UEnnoz+7rrbet-mflfiuoifimfiu.

awgumoinaonauenazxgzrmo.mm;
Eflfiu%EhuHE&ufl¢ht£#fiR&HHbemD‘

£wmflEfifim3RETb5m1uR%ELT8D.ii

flfiu§1®fiwLtfiE®k$$m9.52mmxLtM

Eoxééirfifififirtb.%nn;ot.$¥flfiu.

»w&moanmm:v§nnmu3mL.maawemo

EWEmK%%Lmoii6&§c.fizmmxéhtfifi

aramae.zfimaummswuuuuuémawuc

fifiT6tb®$Et.iwflflfifififimxfififlufifi

T5tnm$&t%3&.flEz%yru.fmicxué

ntxufo¢umbbiht#fiLkfiMflo¥m%fiT

ant‘mfim%m¢Efioffih3:¢mfifi¢u9,m

E$¢flm&finu.%oLc&u3nt.eomnuga

3"‘-"1'Z~ 3l93‘E‘73"-15FZWfl‘c"i’l-7t¥§']’Efi‘§'/5X‘/"‘/ I-o



1162

u fi 9

iWWWEZ?>F

flfiwfifi

xfimm.§#&fi®Mfifié$fit6tboz¥ybc

MT5.ME&&fifiT5:tcmiT.x%vbm\Ew

fiUME$fi%fifi5tbw¥Mflw$&tLrfifia.$

%mu.fiumomfifinwHHufiuEfizn\énum

LT&%én6.fwEfluswt.$fi%m£tLt‘%

&Mm%m&mfitatb\&Umfi%fi&wfiR$éMm
Tétnm.Efiflo;5&m%wmEET5tbo$km

u&0(w5$#fifi&0)z?>+uMT5.—fi.$%

wruzt.R§&U77aEaxfiozfiUmm§w&%

emfifiéwaztfifitaztnfim#a:amfifl1a

azembmorua.

fifiofifi

flhflwmfififiu.Eflfifl0§tT‘kEflfl%EL

ramn.finm¢o&afi£oflmumom§n?—%»

%€T6n%—?»9x%Lmmm&&§mu3UoEma

+—+»u.wzu.ammmawatau$wmn¢u—

§&Eén6t.MfiTEEfiLbén5K»—Vn?—?

mrta.Nm~y#wEr5ufiat\mfi§cHot7‘

fa-Laumflmfimfimfiflén.fnugarflfim

éaamuumfita.

ewmr5:au;»rwu$na.a§¢Lr.§awm

IEm5®§B7ay7m.ziybofiéfimofifiwn

E»5t\-\5Dt:§a0*356., 3Efl$7cz'/9’:ttt~.¢::«t-i-’/I-’£—fi3

fitétbufifiénafiiofifiwfiéu.Efittam

§«mE%KQotflEflflfi%§OU5£Ufiflflbéfl

fififitfifit.Efittéfififififlmfimmfimfifif

bmfimra.$5m\z%v+#.—§EmtTamfi¢

cmxnaaznsa.a£o@nmamu.*fi7ay7

m.mamaowvsiumwuammmmowamamfi

§%fifiU6:a%fl$E:T.fiB\fifiuzfybufi

flcaatmfifimflniiné:¢%EE$h50f.M

a«mx%>ro&HLtfi$u.mfificsv6a£L<

uum&omaua<.

gamma

fnwi.flhm0;5Um§NcmET5t»oz?y

h%flMT6:&uE§L<.f®z?>bfl.flnKML

tm§éIi6ou+fiumE£éfiL.Hfimwfififlm

®mE~0.££T%£hauAot»m+fiu;&rb6.

@»zamc&amanmm&wumnuuzntart5.
1-7-7 hofmfiflfififiizialiblfilfiflfifa. )Zt3l!Jl.‘H§¢7Z>7EESi’&

flU6tbK\¥&Hz?>F%flMT5:¢b!tEiL
U.

fiuu.%fLbM¥?uuuw.H!L<uEfl&flE

-‘/- I-tL'C'E0>.t")f£x-3"‘; I-’&)i5fiI'd'»5:tb*EiL<.

émy—+u.§HwnHH$mémn.$wumxu£#

1162

15 aw;-503003 (3) .

N»-Vmfifififl.kflfififiwfiflfdaiatuo

tm.mfimm&wfi&¥#.LuLu£$va.san.

T%n—LEMm&mfi75—7nEE¢c$fl%£U.3

mmmfinmngafiaefixumxzea. '

fnwi‘T?a—LEMflEflfi75—7%Efi3nt

wfic&fiL.~3en¢mfium§aan{au5;¢g

Jaf‘fiflfl0&5flm§®§K$%§U5.Xflfl$m
ct5:¢uEiLh, '

fifiwfififlfloffififlzfvbflflfiéfl.Nw—>

n?—%wc;erm§flfi&m§z&t&K.Xm7%u

-A&fimfimfi75-7Efio§u.fifimmfififlmu
aatatnuaant.

‘?'73-J15’-5fifi§11'3"‘/|*03l’)¥3. 5‘—D“I"'T‘fl$3

11. Eitfiéh. Sigwart$¢D1.‘§X 'Intravas

cular occl
after

Stent to «Prevent
usion and Restenosls

Trans1umlnalAngloplasty' N

England Journal Medic

lne.Vol.316,12.March 19,198

7.pp.7o1—7o6umuznt.:wx?yrm1

iE@’El1tif. —7:'lfi5§3:§${—fi£D$t!'. $1:EE’£-ii‘!/I‘L.

—fififiuwHt:¢wTa6fifi&o‘Chinese

finger handcuff"L‘bI3.x-Iv‘-‘/l~¢t.E

67J73[‘§2'J§€1>\1'I.f:&4t\ ‘EOE/Lfi9f3UE‘E-Iflffiféo

fi§Z?7Ffl.fiEJvV;wflEh§#5fiE®E$

EW of

fiH#mEomnwvuu<m§mB0mflu$u5&§n.

m&$m&z%>rommaufimumaswazau‘3

5c‘Wiuz%ybmmE0fifi&aw6ué.z?>+

%mLTm&mmn5;5m,ém¢umR.&Uén%£

L‘CE§$nr:¥!.¢J:Df£<<tb--7:"£—’E:"d'>5.

mfimammommmmu.mfiammuuuauaza

c&aT~ENKbtet§bB&®flW?BU51?>F

’£—!E#t‘9"6:tbif:Eil.In. L4-'._fl:IE!I(Sl&/Haitfifiiifitfi

wMozr9yFo;1v:fi\Xuatyugmogwm

flE1?ybéfifiT6:tb\39uQ!Lh.fnm.

zwmfimm.mwLtmnoa&ma£a<mimmun

rmm<‘m§Eommu£ta;5m.mEfififimon

Emmm‘z+yrmmM&UflmcflEv5;¢&fifiu
Th

ifikflltlliltix-7-‘/I-41. 7$=%5Jl¢:l.f;t3‘—>‘CiEBt$t‘L\ ii

fimmfifiuaomfiaéifitaztmréaw.fifia

W0&fiuz%y+oxA&flmt6.;Dflwmuu\$

awn.Wiu.fihmoufiflmm;5umEu&fién

65#flW&x%ybcML.:mz%yhu.fiumwa

fl$m~0§£?fiMm3Amn»c.Euofioflnme

mmanamncuanam.umwwnxunmaoma

‘&EU»$:¢t3*'L'é»5J:5I:i!J<'L°3§5.. 2$<§!F!i!t:Li:n<—a

Tfifizntzfyhu.£#RWEWfi0EHOzb5>

Ft‘-‘sfliliiénizgafiflflfiz-7-yI-a'r5:¢:b"r.'a5.

:oz+y+u.flMmaEmflm~ox?y+oaA%3



1163

Bcféfifiéfitaxémfikztaztmfé.—§M
mmfifimmukflanat.¥nEm$nt%w:?Em

3&1.m§o£mfim%mtLr£fit5:amra5.

find.$R%KLnu»tx%>bu.$wufl&Xu$

wm»nmunov—rar5:¢mrs.xfiwumna

sewn.kuMfi$3ntfiwcx%ybé$fiLru5

nmmokmnnae.wHommu;at.Eae5uz
eémmmsé.

$%mmLtmoTEfi3nnEaE&&z+>bu.2

?>b%:>N7hHfl&0E&mfifif5n?-iwmu

swa.Mmom£am«3uaa5:¢wra5.fog.

ziybu.fi$fi§mmfi?n?—%»?uNu—>z?

Lm6fl$én\%:T¥b&bénflfi&KE$h6yfl

wfl.$%%Oz?>Fkvxfybflflflflfiihéif.

mEmfiw3ntkwuz?>b&$fir5mEfifiu?u

Nu—?N4xuHDfiU9n6:&m?é6ooxfinfl

fimzivrémfitshm.¥n&»enmmgoM&:

T2?>b%EmE&5t»u&m3n6.fikfifltto

z?>bOEEm.Wid.N»—>fl?—?wé§5z&

5:éu;cTwk&U/Xflfifiéfiéztmfé.{H

uxarz?ybém§§u§m:¢.z?>bm£mmfi

aéfléflzfttbw.mfioakmifiéfififé.E

mfif.X?VFOEE#&¥fi£OmEE5MTEfi$h

afiécu.75—7u‘W£ExOb1u%ncmiT.
z?>F#HE$htfiKEfi$n6:&#?§6.

T$ient1%>bm£Ao1fim.

352:1. 1c:»T'd'5v»r7'a)r:-7--7‘-:1.-FUN‘)-91-?-

Lficaflént.$k%cLtmct5i6ntz?yh

wmxLtfifiEa

®3u.mfiofifimmwcmfiznttfiwwxfyh
EfifmxLtflfifiMfiE.

®4£:. -7'1/‘"1-7'1-i---7-2l«Tt'/7*)13‘-Evl13"Lf:iJ§

0‘E3tmm®mkLn1EM.

flsm.N»—yn+-?woflntN»—ymHD#u

éntfifim.$k%cLtmorfim$hnz?>+ofl
HE.

365:, «<1»-yn-7-—-7-xv/:<Efi&Ltx-,7-2 Moatnlsi

UEEo&o$%%oz?yb&fiTfi§M.

E7u.$Rwo&oEmo1?>b%fit%&E.

mam.fi&omfiu5H5E7mz?>bmfiEfl.

E9u.E8oflfiAmmxm.

E10u,fl8mflfiBmmxw.

ml1m.mtLnfifififlusw5fl7o1+>bmm

EE.

H12u‘fl11wflficwmkE.

fl13u.E11mflfiDomt%.

fl14u.$%m0$9KM®fi&0fl§E.

Elsa.EEéfi93¢tewtfiuusw5E14o

fifléfiffifima

E163.fi§LtfifiB$H6E1402?>F0fifi

1163

3?: as $5-509003 (4)

gnaw;xamuunmarmmannzayruan.

fi&0B&méEEfifiT56:tCfiafifitufiflu)

%Efit5?$66.%o;5uz%y+u.§mfifiun

%—%»okfiflusH6fiELnfiflmfimoflmifi

wn5:amrs\aaabannn9—?»mEEflfiu
flfiowfluxat.ififéfiaiffikfiffimafia

zemrsa.x%WuLnwanEmfifiuz%>ru.

mTé#mt5;5uxva,947ofiurs;<.aw
fimfi‘fiEL<u£kflflEfifimy—bmfifitT6:

éN€flT$6a$%WKLt#et§EWfi&Z%>bu\

EuK§%Ln&&0$¢&fl&fifi09—blumfiwé

flfiféztbfa.flfliwflflfififlmmfiéfiwcfi

ét5t»o$au.flEoM&mz%ybéfifif5tn

¢¥aa.gmxumxLnmanz+>+eafiva:»
wifitéfimfé.fiwXmEELtfi&E£#®flE2

?>F%fifi#6tbO$&u.finzfybfliwflflfi

fifi09—bXut7fl>bfb6$%K.$w&fl&9—

bomfifafififlmmuéflfiflffibfié.

&maw.maomeawoa¢&u¢mofiE.&uu

fimflfitfififitmméabfiméuéf.tflwofifi

H.flfiE3mLtmTo#mfiEfio#flu;oT.:0

msmuusvaasu.%n9u£r.xkmo—m&R

fitsbmraa.

mmommuum .

B1m.fififlWm%¥fiE0fimK.$R%cLtNa

E.

H173.tawminsecmmnuefirmam,

E18u.®17mfl&mfifi®.

fimofiiLuEfiW0#mH&m

tfi%0z?>ru.Efifififlxuaafifiymwfh

mvaa.aE5m947mzivhm#mumum.uT

T5i%n6.$EWmLtwoT&&3nt§EEEX%

>bu.Efiwiwfiflflfififiozrayrfiflflam

E(diamond—braided)tK&:&6Zt7b“C‘3

éowid.§EEE&z?>bu.$flflWfi#U7—m

8$0zb5>Fbéfl6:t#?$6.:5LT.iwW

u&z;>r&fiuT5n»oz+5>Fu.fiwanrfl

swan.%m&.§t¢m5§u1?>runE:nS.
fmfi.1?>b0E$EwfiLTmfim3&6.z+>b

Owfizntfififiu.Wiflv—V—.mfl~E%&.X

u:fi7u;aTEucm$éh5.%0;6uLTBfi$

ntzivbu.Eé&U/1HEE#EUt.flHDflw

amznnmu+»anennmuu§a.xuaammr
£6;5flEfififi%fiT6.:fiLT.z?>bu.%m

EE%fiwé&5;5cE:&.fiwrfimsttmé.Q

EEEf6.Hfi.1?>but6fifiT%fi$n.200

mmflz¥fl15o$nEnufl1fi6;6cE£n5.

¢amo$#mu&z;>+1oea$fi£omazr3

fiéténnc.z?uhmmfiE55t£A?.Efifl®

anmmuzo.umonawmczutszawraa;



1164

am.z%yrofiEéfiwét6fiEmt6.:5L1.

ziybu.Wimz%>b%wdt:eu;arfim3n

uUnHméf~fimt6E&0fiw%HfimL\¥UKU

—7atx0fl\fwaifififimxucfihtfifléfifi

éh6.Eflm0Ehflmu£f6&.z+>h0EEEfi

¢$&6fim®flm§»9h»fhc$oT‘z%>HL

fififimfifiwfiéififiv/Xumfiéfiéztm?§%

El1&U2é=§i".3.'r»'5t~ i$=R“)il:Lf:fl‘—»f:. '>.$€=h.f:

xum&o$wuwmz+>r1ou‘maoz+>+eF

UNu—y—212Wm&flt5:au:ar.mfiman

mmuwmaeazamrsa.#4ra—212u.t1

uEoflfimn:1»xfim16&mLr\fl4Hn+—%

»14%EL1uufimn6.fo&\z%ybmma—z

12$.fi4F74f-1BKfloTfl4Ffl?—?w14
ofifimmé.§%EMmWK.éLTfi$fiE200mE
KEG.

E29-122u¢xntz?Vb10®§flK&B6h\
flfi9—x12mé®z?>b100$£%3Emf6tb

cmuéné.;Ufiwfi&u‘E3&Ufl4%§flT6¢.

=/-11 2:b‘fi!1JJ.‘i'c03EH4J¢13“»5§9t’i5EE{\‘I.2Oizlifléné

t\fiflo§%9—z22m.%omficEtn6—fi~fl

fl>—zm.z%>b10o§Hofimcfl$fl:n5.fl

ma—z12wm£u{z;>+1oecantmuufifi
Téfléfloflé.:5LT.2?>b#.flEfi0R$fl

5.N»-yazwfiflu.z?yb10&N»—>32&

®Mo§§momEofl%flt:¢:;D~Nm—yoflfi

Emsziybloéflf.x+>b10oEflfl®§§w

aénéé.z%ybuMnznr.¥bRb9ntB&u

fiammmao. 5Lr.EEEXu§aEET6.N»

—>320&m¢flfim.EaEE&Z?>F#+fiKwE

L‘m§&IfiLTfimT5:¢&fiET6.355.

—>®EEu.mfiEm§0&¥mmmEE%btéL‘1

HQETE.:5LT.Nw—>n?—?»30u\$fi%

01??b0tb0?UNU-9z?L%5i60&m9f~

2%>rmfimmmmt+fim§fiL\Hfin.mEmEfi

mfi&fiEat5:¢&fi&ra.

xv9=ROZ?7bE5i6RbDK.§EEEE.X

flflfihCEEW%¢&Hbf~$fi%KLt#at1?>

bu‘$wEH&flHmy—b1ufiumy—b€L<um

H¢LTfifit5:¢mré\€nu.fifimo;ia§#

&mo§éEE&U§fit5mbwfifiwcmfififléfifi

T5x5u.fifianXuébn6.:5LT‘fl7ufia

naxkmmmzaua.tubs.maauLtmaEx
?>b50u.$w&fl&fiu0—@om%52béuD.

Chit‘ -'i‘5§i'9&2b-'91"Lf:Fa‘1H’&i95i7f:.I$5£'I'='C’. §1&U§2

0m§H£fi&UfiEU$y54.56cifian6.mfi

fl0u£>u.$#mWfl?$6.

u£yS4u.Efimnmsotébcisaéfifa.

fiam§58#5i9ntbx<.1m£fio€L<uM&

5

/\'Jl«

1164

?=’r§3F5-509003 (5)
mzomvaawmu.mfi§%IfiLrmommracm

4):&£flficr5.Wm9—z22u.z?>r10#.

flm9—z12aabt§fl®3mt3fit6:&émH6.

f®&.#4F74Y—18&Ufl4Fh+—?w14&m

HK»Hfl&Uflfl>-Z22.12%~3§91?Lb$

moa<:¢m1aa.anu.mm&unma—zu.m

DBRb~«1‘L»3:tt“t‘€<. r~‘1Ir—‘/f:-‘,-'—-—-7-1l«(El3B‘LU4i:

Hmiflf)m.fi4Hfi%—%»14%ELrfi4F74
V-lstfiat.EELtz%>b100fiflK$bnt.

éofi.Nw—>u.fiEm®§uz+>+%i<%mé&

étb.&U/1u1?vb0&K;aT5i9htflfiD

ILIIEE-ififlcz-tt6I:abI:. 1-'r‘-'/I-P§§B'tEé-Bi-3'6-Zéab‘
T36.

fihfl.fl5&U6%EflT6&~$fiaKLtMoT$

fiéntziybu.N»—>n%—%»30Loflflmm

uaflfimmawvfiéeacamtsa.;Dfiknuu.

B14 évfiflfltat» b1':b~!:{$:Fr.'.R3bt¢7JfiEOJ1-7’-> 1- 1

om.~»—>n+—+»30mfifiumvantosnm

N»->320H5ficLabUtmofivéhaztmr

$6.z%>+10m.fiw¢$¢Em&=n7XuEEm
rmbfiuens. '

1?)h10#LabDtHDHUBntNw—>fl?-

?»30fl\f0&.#4F74Y-34EfiaT~fiHM

0;5um§m&$Wmom3c§mn5.~w—ya%—
?»30mfiWKmBT6t.fifl®Nw~y32#§Ef

nuwnmefitamammgsarbxw.xwmuwfi

H®§$H52u.Exént&$fim®fifl%fiL.Rm

&flWX§U§33m®fifl62E5ib$5c.fznfl

Ofiwéntauflwefita.Efit5;5c.3$¢&

flfimfifizonfififiezm.U#y54mi&3ntz

UvbXuzavb60&fiLT.fifl620fi£%EflT

5—fi~£fiflK$#&u&mfi#A6:&éfiH6&5c.

fimmgéfifa.u#>54u.fiaomUE%64{$

éflsé.%0fi%E£W&W&fifi®§mfi52#E£T
5.

§!203l$LF:!:*).-it‘/56b£f:\ £EH£‘$Ul!iEE)='r'520JEl?

fl62é§Hfl6tm0§66&$b\foxfififnfn

o§3§66onbu.§1&UH2mfiB68.70w5

iénbeU#7560EEfl.Hfl§$§660§MTfi

ma.-fiomuswru.§u.$#&H&mH520fi

flDfiMLt&E®fimLt§wBfi%fi&ur6tbok

RWfiwflfi72&fiT6.&fimEu.flE62mfiflL

tfiéofimwfiflbmw.&&fiEhfifi74%$b.

">L'C\ IUUIE72’-E-zBL'C/\a‘CL-6EREB6211. E6

swcsfian.ie5mflmr5274memnw5;a

ufafiw.$Wflfl&fl#52DNflT6Eafimwfifi

76:3. E10i:7'f~TJ;":I:. 552').-H‘/56£.:1IIz1‘tI57-‘;-1L
rh5.fiWu$&u£r.fmxémmfivonunfii

anew.+o;aamHuu.s#mm&:n7r5ia

n6tfiETb5:éEQBT5N§T%6.

-.



1165

§H0fifl0fififlTEET6Bé.

&¢EB~0$¢WW&X?>h®fiAmfifi5\z?>

bu.fiugsufir;5u:yn7bmBfiua5.

M8i:7'.I"~'3'1-7'9 F 5010‘. E!DlK’¢7Jot'3?£19£’§L7:§1'-*

Z7"/l~EBR§3fl'6

tbc.z?2b0¢bm%#mfimoTflmfifi3n6.

znu.£wflfl&>—boHfi62XuEH52M.§1

U$>540flKflmar(E9¢oEc).$fl§€§5

80%M«.#L£b9n5:t%flaE:Tufific.£

Wflflfimfiu.fi1U£y54¢oE%64&EaT.E

Quifxiutwfimnéum1T.$WflWEmRu.
£2u£v¢®Hfl&E§66émar(fl10¢mEmV

@flf6,fiE\E11KfiT&6K.Zfwbmfikfifi

cEL.%oa§.$wmu&mH52ofifi62u.§2

U#>¢o§66o§72£fima&TEoimcA6m.

k&NEw§E74u;aT.$5Ki66%EET5:&

t11.'§f.:-.-. .:-BLT. E7€:>%31’I./BX-F‘/l~5011\

11ufita2wm&2tmx3e5n»c.zivrua

Efimflmfiméhaif.fiEflfi(E8)éEfit6.

2-7-V l~-MERE?‘/5&:. ERE1I62i1. 52')-l<"/EPKHZDIA

an.amakua72%fiarEa.xm§owxo§%

:E—:‘C§66¢7J54t:li.*.£:e::1'c'£rf.zL\. :6L'C.

ru.xauaamfiuemmuafirara55.

iwflufiflfim.ziyhmfiéuaormhumfié

burwaor.m&mx?wbfiflb9mb%5$WflW

&$H®fi0%fl~WwT6:t#T3.mfiflikflflfi

7~‘?‘/

ofimWmu;vTfiE%fi%fiH3n6.fiwc.mkL

nfiofifiusur.Rfinu.z%>F80o£RfifiB

6t£R§€Efi84¢%fiflmEEcfifiT6}

®14cmKflcfiTx5u.£B8m.mHN€néE

EL1fin6:¢.&U/Rufififlmmwflfifitézt

éfificta;5c.£R§3§EB4éE§r5$wflW

&9—b82&£Rflfi86tffiLtE§3h5.flit

xxfisgmaezaragwuuaunufnaw.am

ofiwnfi%fifinf5n».RU/Ruu?tab#fiT

éxém.ém¢?wmmmflD&6&fifi:r5n»n.

3-H.Et1'6: tn<'t’ar6.. 14I:r§i=':B¢H:>:”r~'§'J:—)f£??.

88m.&%0Efi®tbfiUTbD.£88RU$WEfl

fififiomfihuxasu.%fLb%oEmiT;6ub

orb5£§umw.

ficfll7&U®18ufiT&6H$%mo3écm0fi

mc;nd.$RW®2?yh90u.$fimH&fifiov

—h9zéfificaéiutfiwttéctmvéa.fik

&fl&fifi#\%flRfi£mEfif6Qé.W&dflEm3

nr¥bmb9ntE&oa—w&f6tnc.&wmu&

fifléfifiréctwféaa%m&.z%>bu.HH%

59ce<:¢u;araEmfiwLnE&cafi3n.é

wfifiu.z?>b90E¢u;aT5iénnNva»fi

Rfimfioia.Run?-?»flHmWfl§L<uew;

01??F90Efi5i5:&®wfhbE£aT$fi5h

6.fofi.E@#fi¢$ht%flKz?>h&%fiT5fi

1165

?§‘ $455-509008 (6)

z?ybfifléfior.Efifinéfléfiiafifiuum,

LmLmm6.eo;5u£u&u5:¢mra.Hawm

flfiEEE@T%tbug§Lv,$bUHhd.£#flW

annmmwu.m&m¢uan&aefifiur5:»m.

§w¢wmn&a/xun&fitazamfiflwaa.aw

®fiM+fiK&Hmé.enu.x?ybw§3um¢zg

UtWmm¢$<.e0aé‘mEmR&U/xuauxg
cw. ‘

tnawm.$fi%mLn#ar%m3nt$wmfl&z

fybsou.£#mW&fifim1umv-hofifiszt

Taztmvé.%m>—ru.¢R(:ine)§8§fi

KfiflT§%3hTU5m&0£1B6®fi&%fiT5h<

omofiwiwflmkfifiétbmé.£2§5§fi84&

E§T6a»u.mfimfiznru5.:5LT.xRflfi

86m.E14cfirx5n£X§€£fi84w§1wEfi

mmfikfiénrsb.§¢ufl&nfi%u.§xxfifi8

6M.QREEQRB40fifiT6fiflm#A3ntflET.

%K%uHfikme<:tmT§6.¥finKfi¢Ltfiu

wiflflflfiziybflfléwfirbnbn.xlfiflu.

®15mfit;5c£R§3§fim¢cHAan5.nmL

tfiflmzfybofimufimfléfimmfimtézau;

er.xxmnseu.m2§5£fis4eEara£wm

R&v—b82nfiLrfifiL.:5LT.E16mfit&
6u\x?y+wmammxr5.$amm:onmn;n

H.z%>ru.£Rflfl86t£x§E§fi84¢omfi

moflmamznat.z%>b9ou.$£mE&ir.

xuximaamfiwaaztaawmrarsa6.

ziyhmfiflflfi.fab5.§&fiw¢u6fi&&b

£Hhu§fira%%~z%>rm‘%hm$fi&fir6fl

E%fima<:¢mta.%o&\eomflfifizfifime

Efifbleuxaf.fifiwfifiiffifizfiéztflt

é.fififlED6bn§a.¥flhKmtLt&®fifléfi

fivaraafi.
fl17mfiumKfimfitx6c.$fim0:oflHKx

ar5xana§¢uu&9—+92u.fiuoma&U/

Ru£96%bfiL.%n5u.z?>b90£E6m&m

fin.RU/Ruflflotnmfimmfiflfifiéfifitfé

nnuzaznn.5wuu&nnm.§£Htr5:am

TE»3Bm‘%nBéELTEm®WE.m&fiéEb6

tn.EU/2m.%fi$h6AwE%®EfifiEiTflfi

&m¢t§wman»m§fi%51axauzaantaz

8&fb¢w.iuu.uTTb#fif5x5K.z?>b

mfiflu.Efi3nnt$m.€m¢tflObintEHé

fiLrbx<~&ofimu.&:mé&mn~5wWwEfi

ufimtérbéi.ficE17ufi$ht£mmfimux

é3u.mahrb=r£§o£muswtm.z%>b&

Eamflxunu.:nen$an:xoxa<rb¢z<

Tb&V.

LELa;5c.$fiwcxDfifiantz?yhu H

:L<h$wm£w&muv—#nr%nan5.flmsn



1166

5fifim$u7—&U%oE$u.fim.$wflfl&U$w

flWOEE%REL\£wfifl&U$#&fl0fi0X*Vb

Dflfififiu.€n@i.fiE®flWfifl&U1i>h0fi

&uLnwaramana«eraa.

xfi%mfiaz%>rwfifitmmfécbufiwufifi

u.fifi0&fl¥flfi£ufiént§%.wu<tb10O

mmH g. §¥£L( %1fl)f.I( t b200mmH g¢7)OJ-'t‘I.EE
hcfii5+fim§EEz%>rubtétxfiuborb

6.fiwuflfiu.$EEm%E:éf.Xuz%>+mE

TfiET5Emp&wK$ur.fi§mE&Lf¢mLuw.

ififllfxtfflltififiL,.£ElEB*J::§iE'C‘é.F5fifl$'$EEmdJ£E£

Etbmetwwsn.fi&&UH§mE£u.fifim$¢

umkummmmfiwuzmrsa.

$RmmH£LuE$uxnu.z?ybu.#U—L-

57?FTfifi3n6.fi0HiLUZ?yFfifiHfiu.

B-tFa$vflfl0$£$U7'&UflmtFD+9flfi

fi‘E~£'.b7I’§‘E’¢7J1t§'é‘£$-tF5I¥lfC. DI.-'7v7‘."'F. D-.

57+F.Km7»=54Fétbt5L—57+FO#E

SQUE-$L‘., n:>‘b¥§L<t15~130JI-[O (CH2 ) H C

02How-tFn+9fi®$uv-.&UxmfliL<u

4~1 673551-I02 C- (CH2 ) I -CO2 H. ymfl

IL<i:2~1B‘L'i;5HO- (CH2 ) I -Ofldififimfi
:fi§n&Uvx—wo#uv—bit.mmfiflfifléfi

i6:tn;arfi&Hw6n5x%yb&o<atbpm
H1'§'6?.'.é'.JJ“C§I3o

cHiLwfifl?£6.#U57+Fox§u£U;z¥w

¢7J71'J7!<fiJW¢1. !&ZiU1§§€:J:—;‘CMNf'FH3’E-filiéo Ifllifi»

opH(7.3~7.4)u.m*fiflKMfi¢fi&&flT

oc+fi?uw.L»Lumé.#u7-owmritam

mama.¢a<oemuLt£H&ammn&@tamN

tLTfimT5u&fiflmtfififivemxudv-)E5

U6Tb55.§iLw%éuu.#97-jotzomu.

axva.7v»&.xmnmn#$&oeo&0Ho&5

ummmémiaztcxar.fiflfifiéséumbaz

&mT§5.&ofimu.fi§L<m.§bb6ufi1=T.

flu7-ofifigamutétbmflU7—7atz0M0

fi%mfl&Kfiu5.Wid.7vmflu.&ifi%ufi1
at.#U—L—57+F0fifi(flifl.fiflx+b7S

m)¢mfi%r5:¢mts5.fimu.Wiu.ufl¢T

Efiufifiéfiéztmts.fi&mz?>bmfium9n

rafi5n5.#uv—¢«o7vwmofimfim.0.1

~1.0%mH:Lw.&mfiméfl5z?yhoWE%fi

m.€na%fifiatLt@5.Efiéflwaztcxat.

fidfztflfééo

1fifiuflT:tu.fi§éLrEt6.xiybmfifl

%B@T6fi§®fifi&tbuifiowméfléflzttb
ubit.EmT5:¢m?a6.fiiNE<u5t.X?

ybu;o$<fifiT5T566.

zfyrwfiH&U&uéEmT6tbu&mT5:¢m

rafiéowwfimmu.%nEkmEE?umum.mm

1166

zmars-509003 (7)

nmfl:L<ue~13o-NH—(cH,),-co-_
RU‘xfl‘§¥iL(616~12‘t“$-a'C. yb‘§¥£L(l34~

12ta5NH-(cH2),—NH-co-(CH7),
—co-onW*J4i t~'4.:r:\ fin. :tIu—L--37a=—I~'-c

fi&w3ncbmx9§vfifimfiflumaummt5£¢
)0“L‘é5.

n#fi:L<u2~8oHo2c-c6H4-o-(QH
2)uOC6H4—CO2H0:E£&#é0fimm#U7
—£1. $5fiE]0D'Y"/7'3¥-3-’."EUll5§E“&-'-5-is Wifi’. fifl

uw12arma—w—mm&:a3u¢:neo#fiew

£3. 35éfidJElfi'F‘l'.‘fi3F|Jf£. 5$8bI5nf:${$‘EUDZ$$E’&’§

T6X*>b%5i6tbKfifi$fl6:tNT56a

Rm7w+w£.H:L<ucH3—XuczH5-0;

5fififl7w*W§T5aT.X&UYN.Wifl.-C5

H‘—.nN1~120—(CH2)'-.Rfl-C53‘

-3:-cu,-g¢omaner5a(no),c—x-

C(OR)3&(HOCH2)2CH~Y-CH(CH20
H)é:d)EF5I:.kDfl'3E£Et‘I.r.:J:5*xrKU>r/Ir}-.1177-Jlzb

it. atm-r5.:.tn<-caé. -eco.L-5I.::rIua-;w~.1-.7.-7-

/bit. $f*U5*§"F"L'5}h3L. £E¢$&|UI3i1.f:$E‘.Z1?J’E£ELZ6a

R. X. 3iUY’EE4l’.3'tt6:-‘.'l:.ko'C. 85bfiE¢DH7k

fi&&U+>7$&£fit6:¢wra‘%ofi#‘£at
$#WfiH&t%Efl$&tZ?VFflfiénéité.3

fiiufiflffirtééo

LEfiLt&5c.£U§9+Fm.z?>bfl&@tb

£v}3¥L‘Cr!<U7-wt’? baiilzfiésttémfifasb. Gilli.

—:vv7'J'/flxczd 1 t e r z. 7'-1-;v7-.vJ/-}~¢o.:-srxa

ozerz.7+m1z;»1aa.eo;5ummmu.

§1‘J~<via1:'.&fE£!1:&'1='L'£E($PifiH-3‘EBfl'lh%EHt§f:NbI:fi}
fl$h.$éufifléfifiT6mmNfi$T6.

EwfiflU7—0fifiEfi£f5fimmo&fiKfim$n

6l‘3JEfi¢7JJfilE£1. it. 5333'!-GiiE‘$'»3-575-Fttbzzfi

fiT'3f:s'btD:1%/7-’E"J<6f:8bIC£Efi‘§'5.Z.tn"c'§

5.wiH.mE&m¢H¥fimuv-n.;+»x»r7
11:7--l~‘L'iEE&’&911fEL‘ 1-7-Jl«7JL:v—Jl«.l;.:.—1-IL71:

7-——l-ti-fi5§:’.H!-r5.‘_’.1_-::.I:.a‘E'J( »s:¢n<-eta. 2.

30;!»|~:.r.z-F/l«$flZ’&$t..‘:¢7){E1vFFErl“l'J:r.:<-7-/Ht.

57+F®¢K&6fl$n.§%§#KMEnT.fl»£$

~>1I«&*&£L36)‘.U7!<5)§$'-flE'Ef4‘§£-this")57-1-F/i§E

M#fi§wé5i6:&m?a5.#U7—$mmtfl&R,

fax5uflfifi&€t6§fim:%/7—mfiET5:&
é.§¥%mEflt6T$65.£#fiTEflT5fié.fi

Efilufifiofiméflsezsuubm.kviwwvfi

mT6m§u.fifi&U&mmfiEmfi$m&5i6bmm
F£Lv.

mmfiflwfluflfifiméfiié2%/7—XHfimflm.

&D£wfiflHHmM§m$§n.$¢WfifléwfiT6t

bmEfiT5:¢mT56.WiH.57+Ft#Eéa&

twfi(w1~5%)w75:yu.£#NfifiémMT5

tbufimréztwraé.%oflm7s/flu.fi$§



1167

flMT6t&K~#fi%%ETflbfiih‘n#1~17.

fl§L<fl5~100-NH-(CH2) —co-hxa
Htffikfiéfiiéctmraa.

uTmfif.xfimémfifébormuufimwu.2

*2r&E7ntz:$U6EHfi%®EmE&%T5.é
Hfiu.$Hfi&mfi¥iéfiT$¢6:e%EfiT6T$

65,Tub5~i%wmn£fi3ntfi¥fiu‘mu7—
mmaunae.»uoamuuwva¢an5am¢d;
bEhfi¥ta.flFo:eE5i5oTfiW?55;

EE&UflE%%m3&6:H)£fi&®W&E£%&§T

5;&Uin)fifl&U&flfiEEfi¢é€6.

fiH¢aom%u.Efi<w190t)$Efl$wRbD

n&mt5:¢mra6.fimx+uy(b.p.55t)

H.E®;5&7utzKH?Lhm&T$6.£&u~

m&naw9?nt57u+774m—we.wmrmue

akaeaza(%am&eLr:x%:Mmvaa)‘x

um)Mu7—fiH&&fi¢nmw$&5:t(&Efi$t

LT§¥%cflmTb5).H£‘:wHwu#Uv—w#

amrsam.m&m&¢mmm\wiux+»1»:—»

tfiévéé:c;aTw&7atzwHmfi£T5:am

vaa.

x%m0z%yrm.tm¢um5%:nt.xueoL

W

E

fizfilé-fLf:. 5P‘i%filEB8£fl1$"lfiJ(W=i.t1. fiIE:E¥1111fii'l§'J.

RumfiM§m)‘

Vaxrrayvyxutmfiflm).Xufim¢fimi&

um.smmmuu.muow1<vE:am:muu.w

iumm§mmta:ac;ar§<ra:auras.

¢DJ:5!:L‘E'. 7451 >1-c7J::7'¢:. ism:utL-c-.~:.=.ra1

uwisnuu.EmLtnfiéfiT6745x>bu.é

ma.745xybmo<ehru5mU7-cfiLt'#

mm°rzaamcaman.eoa;n,5mmmu;o

Bflfifiafé.:oa¥u.E:L<u‘fi1®fim;D

amnmura.mmu‘mntau«mamwmu&mm

ratbmfimtéztmrs.:5Lt.z?>r745

—\-

35—fVWMfl~miM§M(Hid.

I7bifififififlfiflfifiébt9TEfiH%fl3EZTo

mu-L—5arF&#U7—aLrfimLtfi%;5mE

fi&LT9aummLé\fifiH&fl3E:THitLT}

7-/1:7/l«'.:_;-—)la’£-(iHi'9'v5»Zé:b“!.‘£“.*6.. fl3F|.H‘3E3?.l$. EN
aLr.Wiu\z»r;z?w(x%»Xuz+wx»b

¥u.Xux»bfifl).&Ufikx+vy.#fiflaLr

mofiémémhr.$uR&/#Ufln$U7—&U#fi

%#¢TfiUbn5.#»bxz?»/mwfimiamflc
EDmEflu\fifiHéEU3&6t¥E$fl.#»b:Z

%»wfi¥fiu.fim%~0fiEmm&%fl§E:fo+4

=76/6é#U7—éLT&mLtfié.EEEWtLT

75%$&¥fi#.fififl3§tLT5%m&¥flflEfl$

ha.E®fl0fiw&$U7—/EN/Bfiflflébfibi

n.mua;¢mra5.axsu.fi§wmuv—cwm
r5~amwuau/xaé3§u&zra:amraa.

1167_

H x ¥5—sosoos (8)
U/Xufim&mfi(WiH\7»Euy.~Nu>Xufl

avazs/—ry7a+&—y—)mxéulxuenm

xommefirazemrsa.tmmaxasxmmo;

auuamsit.erar»mx5umuvwmmm&a

§T6EmtL1EmT5:amTa5.)em;5uz?

urn.Efi%w5EmfiKEwflflfifi%\E§\Wifl

fi&E®;5&fiEKfiDT$fiT6tbKEflT6Ztfl

'6?!‘ if:-'75‘ I‘|'@&¢7>$6H§'J!5k5il:I‘3fl53E'!'5. 5‘Ii'Lli\‘

s&w;5ufi§%flw5:amT§5mr.antnmfi

m$&?$6.x%>bma0EMOHfiE&béhtflm

u.2+2+mm#uv—awm90Ewmamfiubna

tin.z%7r%fiflT5:a.XmK!éELrxm&

amemfimm9e<b¢Ltmm#fiubn6;5c.2

ivbéfilffiltflwfhbfitoffififéltflf

$6.

H2Lunuusuru.z?>bmMfl('fl&')B.

fiW%u3T6hnuz%>+&fi&Lt&u.fifliuo

(9n6.mflu.EE&Ufl*E(Wid.6.000~

20.000Dsi)&§EEHUT\7FU7Z%%fiT

éflm/v»rfinénrb;u.%§u9u.emfi.x

iyhu.vbu73mvweLrEmt5:t&flaE:

tamtanseazamraa. ‘

sammmfiu.z;ur.xuenmex?>+mmu

zn5745x>h&.74ax>boflB&fima&%fi

W¢c§flT5:&u&1TfiflT5:tfiT!5.EBM

fiwurmm9x?LwWu.7m¥7fi+bU¢La¢

E«Nu>a0Eém%3U.cnMmR¢u3wnt&.

745x>bm.7»¥2uor»mEmafi:tm&am

n»9oA¢c&aan5.

LELt;5c.mdn5imu.x%7b¢mmb%i
na:emwz5.¥mmuva:naz&u.mwena

fi%Em(fiHfi%.kImx‘xu&£fi&)umfiré.

(-RWum‘Rodgiqu1z.§fl)

éxau.m&w%oEfiéfii5mv7—omn&%U

ta.:wfiEtwELTEm3n5§mmfiHu.fififi

m$h6:t%EfiT6T56fi.-$~Efiusuf+fi

miET\#Em&®mmu.#wLKfiEoT#U7—¢

Eetazamréa.

fizmxcshr.¢u7—ufificSfiL.fikuW$
ant.mmuuauxotn£zna.EHm$o¢ée

flawfifiéfiufizemraam.fimufifinuxofi

<.mou:nfi5zmmuummr5.

flafifimaurm.$u7—u$&¢m$fiL.£uv

-KflT5'#fim'T$6§2®HW¢cflw3n6#.

fnu.MU7-mfit6$méMmL\714N—éflm

3€5T$65.:®7DtXK1UT0fififl~2350

H¢wmfinumu&nourL£Lt.§Rfifi&wmfi

couf®a$&fimT55m.&Emfiu.774N—E

EO£#KmflE5i5.¥flu‘H§&u774N—%fi

mfiLt~fl#t5:¢n;bHD%in6.tm&.mfl



1168

H.flflb.m$.1ufi&uEt:tcxoTfl£huo

$n.énm;eT.749/>b&tsLr§m%mUa

néofiafiflmmmbainat.%mt3.muén5

f®&®7at1fl\Efiéfifiufindfiékhowifl.

aamvutxu.mfimmmemogiazawraa
(u?§m>.

ewwotmbit.tmwmx?>r¢ummemoa

utaummtazamrsafimiw.m~wmw&mw

$vm¥u,MmLmmcmuv—cmi.wfiaumws

eTmfi%k$$&5:t#T$6.Efiwo57+Fu.

wwuommmobzn.eo&.$maua:¢wrza.

fifiuwgumnu.flwL&oEo1&usu1a.1n

N>D;5EEfiRfifi¢T.#97-Efifléfiéztu

;ark$ze5:¢m?a.%m&.ammtot<fiE

Luw;5u.Enéfiw3e6.r«rmm%usn1.

¥mz3cs&u.nmEm;er.vwmaxeema

Xutbfibfmmflfimfihénr.$fl0h~wmfié
mmracemraa.

éfifiu.rE0£nmé.$Rmu%6z%>ru.$

fix.$rm¥mmmmotnm$atLr@mT6:¢m

Tééctéflflféffiéfi.LbLum9.&fi7ut

1.ficmmmzfvr¢KmU£in5:n9oflRus

urn.Eun5~é£mo%&mfiwLtpfimuu9u
uzammmznazaefimtannu.asémauw

ndfiéuv.Eéc.tTfiLtfi#&Wé@fif6t»

zmw

ziyrma

35.0007wr>omfi£fl%fit5#u-L-ea

+F0$mNwLK;aTfi5ntEfifi.Xufififime

J745JvF%.E0E$®600%iTflHO.HEfi

745J>hK¢hT0.18mm®&%EE%5ito

1'I.I'9t7J774I~’-12. l'EE3.17mm. 4~874—l~0J

?7uy&7>FuwLT.Stofimémwrfiflévu
tzffifibfi.(4$®745X>bmEE9KfiML.

4$0745}>buE@D¢9E&&E$flL.374

}>hu.KETB745/>boLRm?&§Eufi<)

%m&\745x>hm.€n€nmmmNfiEoz%>h

;ObfmuE<u6;§Hmm?(&§hmu.E5m
5~2. 0cm) . 200D'74'1'—-‘>'41l-1‘-1"/I-‘la/Lz:

Lawoamowuenn.2oma4+—v4xrwmm

u,7:—»¢K774N—MWflT6o%wflta—fi.

-.

7

7:—»&K7>FDW¢774N-tfl‘$Z?>FE$

Efiiatbc.94v—wmTmfiT6:¢m?§5;5

ummraa.(7:—mm§mu.7;—»&n§~flm

1%‘ 7 7 «rn'-—i:<1.8fi#<::E5r;L~J;-55:. Eafiftaritéc

e?b6.)7;—»u.140CT15fimfiubnE.

(xDEUfi£(flfi%E)u.$DEUT:—wEW%H

ficL.w110to;o&uEEu.;DE%MT;Ufi

mcmmra.)7;_»u§m¢rfiunnam.§#o

xfiafififizfifi.XuEE7;—»m\fifiHHfi¥fi

1168

75zi¥5—5o9oo3 (9)

K.zfvbfifimfiklfiofiflbit.#flLuUnH

¢9uh.1;—»mbb6b0tLr~110F14Dt

mfimmmamarmmrazamgin.axnanem

mr6:am1a5.¢obu.x;>+u.am.xu£

am‘§L<unn;+»o;5ufivzmamomn.e

0&.$fi/Bflékifétbufifi.Xufifififimfl

rzewraa. _
fiuafiiE&0£m(Wid.7u?4>vflfi762

i)—f>fi&Mé3U)u.fl£L<u.LfiLt;6u

z%>+u%asnt§£HHfiwumoain5.em;
5fl§M®m%01?>¥0&Eu.1HN&mhTfiUb
n6.

éfifin.z%>bWumOfliht.Xu%0Lu&l

annmmmnm.mnenamfiumfirazeemwt

éraaé.€o;5a&Eu.£E0£&uLcfim5:
aavvaa.

m?ommmuuzmW&ac:em9.gm:u.fi¥

i.x3a.flEDR.EE.&Ufim0£Em.¥Ehp
$fix%>hé£i6:¢u<.srfifiraéztfififi
tavaaé.

ow&%bt5T.

flfinufifiannziybovxaxyru.fiaofi

mmfificsur.auu$»Lo;5UG%EfiW¢®#

‘J-L--59"? l~‘c7Ji$i&¢7JIJ\ifi’(.'l-“LI.H:§E3«1‘1. ‘E-f‘LG~2.t

—:'Cfi$§-§3’Ei‘kEL. 7'; 1~‘1zzun~-2-Hobizo-111$». ism

maannzautaa.z+>+emamar.mamm

é&it7r4M—mutAE&%£L.§%fifiu.fifi

wéfimsfir.£ébuT5nLt74r—®fi<c§9
em. ‘

tfimu.asxmmrHzLusaa#§ana§cM

Lrmmsntw.xfimumiznnfimnmmsnt.
afim.7b—AofiEfic$in6E¢w£§¢fi$0§

Eu&$bmTb6:téEfif«3ra6.W1u.¥b

fi&8ntx%>bm.Efiumflftéfifiuuuw.z

-i-yI~ma3c:aVao't5£f|:'r5E?fi£—fiL'tb4:v.~. at-'95:.

mm7;—»mfipoc,Sfifiw&mu5:¢ma6.fl

mEmu.£flmz?>#¢mmOBin65éu.fimfi

Mraa.mir.xfimmaa5mz%vrm.fi§¢7

raeazfiwxéu.fiflmufi0§w&%KfiflKEm

ana:¢mra.eo;5ummma&umum.ap-
Lc;aro&flfl$n6.



1169

1:’: $5 SF 5-509008 (10)

_1o_

1169



1170

 

HGI7

92

60

64

52

HG.2

25 2: =”F5-509008 (11)

83

36

B2 
82

HGI6

 

 

1170

awe

min;auawaummawmmamtamnmgwu

u&x+>r<1o.so.so.9o)raat.:m;

+>+u.aummanmmnuwanamm.ummux

unflfififimgimEMfim§bb6m$flé&EU6t

bu.Wium§m;5u&Bmm£rm.f&mo%§M

uwAmnnc;&ra5.z?>+m.$w&flEflfim

emnan.x+>+oammmn&&Uma%&mt5;

55.§fifiXBfhéEELT£E$nt%&fif5.Z

+>+n.a.E.xnfimmammmmv.mam&u.

W$&U$wfififi.XuE¢%fl$h.%hc&at‘fi

fiLtmHm§RMfimfifi&~Xufmfiwfiflfififim

mnL.§mcbt5&bfl60$fl%%flU5o



1171

E H H I Ii 9
“""""‘ ""“-"" PCflU$9llO3lv5b

I. cutout-canon DI’ saucer turn» :4 may unu--— n-no -auu.—r.un I! unu—o—no-v-n—-wu-aorta-unvayovuu--4»-ucuuuao-nun: ' "*‘—
XFCG): 3.61! 29/01

u.~.- flocu—-spot uruvvd -j 
‘"m,"_‘_ m.__ 5:.; j 

US 6061103, 198, 191. Ill, I53-I56[M1899   
a......_... n........._.---‘..__-p-———.... ‘ ‘mu:-u-c—.--no-ur--u nu-nan-~ v-vplovouv

 _—_;:
'f_;.sU_I_|LfI_CB_I_I_DVtQl_!:l nu -turn-7..cu». m aw».-.. -~ ..-..—:-.~.. -can nrrrwu. n m "can mm» ~-encom-

Y ’US. A. 5.653.771 (1-‘I11Jr.¢-n) 07 April [937

ram» In on.» an --"

 

l-4,6-115:: u-uLrt deeuau-at

LE,‘ LS, A, 3,019,090 (Pinduuk) 18 lay 1991 I-‘,6-215:: mun docuwll.

X 13, A. 5.750.107 (KIBIILIJ 26 April 1988 I-5.6-27' Sun mun douzun:

1,? I IS. A. !.(Il7,9I6 (nubyshin) I6 April I991 14,6-17I 5:: an urn docuaenc

3

'l—-:u——-an-no--—xn ‘F-
~A-nu-ua:I=-‘n;=-:1-nu-a-um--—

 
u--——a-

'ruo—o-uunuun--an--can-——..a ,.,___.,_,__,._‘_,,_,,___,____
'‘‘U—' I naus--—-a-nun:-coo-noun:-an—uor-0-I.'ou-n—.o—-u-u--o-a-cc--o-nu-nu —u-——---u--—. -can-tuna-u-coca-no-n-canon
...2.....-...—-.-.........—-n ""“""""“"""""'""““"""‘—-—-n-nu-un--av-no-——-.-—-—.-—--——-—--u-.-u--av no-u—-qxnuuvocu-u--—o¢-—.--oo-

-o» g.-—.-us-———v~~—.—..o-ug-——-.--_—.pu-quonu-an
rmuwvtncnnol
I—un.a~ou-v—-uun-u--.uc|~n-

22 Jul I”?
nu--can-on-vaoouvn

 

 
 

  

  

 

o...n-gun-u—u—nn-no-nu-u

04 SEP 1991 
1 . LEI-ucvnunu-—_u——uan-cu-n

$ 1 Hcbfii

{§5’x‘:§$'}§ ®199lfi’- 2 F121 B@3|¢( U S )@658.70-8

®m

®.‘.l‘.

“Ji%‘

193%‘

Elk

EA

95-9, ;~'7—l~‘- 57-‘
+1’-+r—r~'

7#—h—,74U7L-I7

75—a‘ ;-'7—l~'- :‘fi—‘
+1’-+r— F

7#—h—.74U7L'=7

7 J‘ '1 mgflza
v 9 2 7615-‘

7 J‘ '1 heat‘
— F 7507

7 x 1) ream.

v 9 2 7s:'—.

7 x '1 hem.
— F 7507

_12_.

1171

/-2 - iJ:r§rf+.fH 27705
»—}~ 1

25 i ¥ 5-sosoos (12)

|~’v7)w~L.. 7!?’

;:L—a-9H 14469. Zkllwflllx 17,4 ‘ ='

2-2-::==fi»r-HH 27705. l~"7IW~1=~ =1‘
:1.-—-l~ 1

:.:L—5—7i‘H 14469. 3:»: 1.. 2:7’-r4 D



1172

 
WORLD INTELLECTUAL PROPERTY ORGANIZATIONInternational Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent clnssirncanon 5 = ‘an International Publication Number: wo 91/17739

AGIM 29/02 (43) International Publltion Date: 28 November 1991 (2s.u.91)

(21) International Application Number: PCT/US9l/03454 (81) Designated States: AT (European patent), AU, BE (Euro-
pean patent), CA, CH (European patent), DE (Euro-

(22) International Filing Date: 17 May 1991 (l7.05.9l) pean patent), DK (European patent), ES (European pa-
tent), FR (European patent), GB (European patent), GR

- (European patent), IT (European patent), JP, LU (Euro-
(30) Priority data: pean patent), NL (European patent), SE (European pa-

524,884 18 May 1990 08.05.90) US tent).
658,708 21 February 1991 (2l.O2.9l) US

Published

(71)(72) Applicants and Inventors: STACK, Richard, S. [US/ With international search report.
US]; 6913 Falcon Bridge Road, Chapel Hill, NC 27514
(US). CLARK, Howard, G., III [US/US]; Route 1, Box
7613, Durham, NC 27705 (US). WALKER, William, F.
[US/US]; 7507 Eddy Road, Holcomb, NY 14469 (US).

(74) Agents: WEST, William, K., Jr., el al.; Cushrnan, Darby &
Cushman, Eleventh Floor, 1615 L Street, N.W., Washing-
ton, DC 20036 (US).

(54) Title: BIOAIBSORBABLE STENT

(57) ‘Abstract

A bioabsorbable stem (10, 50, 80,‘ 90) for placement at the locus of a stenotic portion of a body passage, such as a blood
vessel, which is flexible and compliant for safe and effective delivery to the site of the stenotic portion of, for example, a blood
vessel, so as to avoid the disadvantages of chronic implantation, such as arterial rupture or aneurism formation while exposed to
the continuous stresses of a beating heart. The stent is formed from a bioabsorbable material and is porous or has apertures de-
fined there through to -facilitate tissue ingrowth and encapsulation of the stent. The stent is encapsulated and biodegrades or bi-
oabsorbs within a period of days, weeks or months as desired following encapsulation to thereby minimize the likelihood of em-
bolization or other risks of the dissolved material and to avoid the disavantages of chronic implantation.

1172



1173

FOR THE PURPOSES OF INFORMAITON ONLY

Codes used to identify States party to the PC!‘ on the front pages of pamphlets publishing international
applications under the PCI‘.

AT Ausuia Spain Madagascar
AIJ Australia Finia nd Mali

BB Barbados France Mongolia
BE Belgium Gabon Mauritania
BF Burkina Faso United Kingdom Malawi
36 Buigaria Guinea Netherlands

In Benin Greece Norway
BR Brazil Hungary Poland
CA Canada Italy Romania
CF Central African Republic Japan Sudan
CG Congo Democratic Pcopiu’s Republic Sweden
CH switzeriand V of Korea Senegal
Ci C514: d‘lvoiru Republic of Korea Sovlel. Union
CM Cameroon ~ Lleehtensluin Chad
CS Czechoslovakia Sri Lanka Togo
DB Germany ‘ Luxembourg United Slaua of America
DIE Denmark Monaco

 
1173



1174

 

W0 91/17789

10

15

20

25

30

‘filed June 25,

PC!‘/US91/03454

BIOABSORBABLE STENT

This is a continuation-in-part of

Application No. 07/658,708 filed February 21,

and a continuation-in-part of Application No.

07/524,884 filed May 18, 1990 which is in turn a

continuation-in—part of Application No. 07/066,345

1987. This is also a continuation-

in-part of Application No. 07/649,534 filed February

1, 1991 which is a continuation of Application No.

1991

V07/066,345, the disclosures of all of the listed

applications being incorporated herein by reference.

BACKGROUND OF THE LHQENTION

t e In t‘

This invention relates to a stent for

l. e

maintaining the patency of a body passage. In

addition to maintaining patency, the stent can serve

as drug delivery vehicle to effect localized

pharmacologic therapy. The invention has particular

application in the field of coronary angioplasty and

will be described with reference thereto. In that

realization the invention primarily relates to

bioabsorbable (and thus biodegradable) stents for

placement within a blood vessel, such as a coronary

artery, to treat acute arterial closure and to

prevent restenosis following angioplasty.

the invention may also advantageously find

However,

application in dilating and maintaining the patency

of other body passages, such as the ureters and the

fallopian tubes. . ‘

2. Descgiptign of the Re;a§ed Agt

Coronary angioplasty typically involves

the use of a catheter system including a dilation

catheter which is introduced via the femoral artery_

under local anesthesia and is advanced to the site
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of a stenotic lesion in.a coronary artery. ‘The

dilation catheter is for example a balloon catheter

which is inflated with a fluid once it has been

disposed within the targeted stenotic portion of the

coronary artery. As the balloon is inflated, the

atherosclerotic material along the vessel walls is

compressed to thereby dilate the flow passage

through the coronary artery.

While balloon angioplasty has become a

relatively common and successful procedure,

restenosis following angioplasty frequently occurs.

Furthermore, the atherosclerotic plaque can crack

during expansion which greatly increases the

likelihood that the coronary artery will

subsequently collapse.

It would therefore be desirable to avoid

or minimize restenosis of a blood vessel, such as a

coronary artery, by maintaining atherosclerotic

plaque in its compressed disposition while at the

same time preventing vessel collapse. A

With the foregoing object, metallic stents

have been developed and carried to stenotic portions

of coronary arteries for placement after the vessel

segment has been dilated by a balloon catheter or at

the time of atherosclerotic plaque compression.

one such metallic stent has been proposed

and tested in Europe and described in the article of

Sigwart, et al titled "Intravascular stent to

Prevent Occlusion and Restenosis after Transluminal

Angioplasty", published in the fl§fl_§flgl§gQ_QQQ;Qg;

of fiedicine, Vol. 316, 12, March 19, 1987,

pp. 701-706. That stent is a metallic "Chinese

finger handcuff" which can be expanded in diameter

while simultaneously reduced in length and

compressed in diameter while simultaneously

elongated. The stent remains in its distorted

configuration after the distorting force is removed.
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>The metallic stent is made by cutting a

desired length from an elongated tube of metal mesh.

it has the disadvantage that metal

prongs from the length cutting process remain at the

longitudinal ends of the stent. The inherent

rigidity of the metal used to form the stent

As a result,

together with the terminal prongs make navigation of

the blood vessels to the locus of the targeted

stenotic lesion difficult as well as risky from the

stand point of injury to healthy tissue along the

passage to the target vessel. Further, once the

stent has been permanently disposed within the

target vessel, the beating of the patient's heart

can cause the terminal prongs to damage the healthy

vessel walls adjacent to the stenotic portion of the

artery, even after endothelial encapsulation. This

damage can lead to arterial rupture or aneurysm

formation. Finally, because the metallic stent is

intended to be chronically implanted within the

vessel, continued exposure of the stent to blood can

lead to undesirable thrombus formation within the

blood vessel.

S Y OF T I E IO

It would therefore be desirable to provide

a stent for disposition within a blood vessel, such

as a coronary artery, that has sufficient hoop

strength to support the vessel wall against collapse

and yet is flexible and compliant enough for safe

and effective delivery to the site of a stenotic

It would also be

desirable to provide a stent which is soft and

portion of a coronary artery.

compliant to avoid arterial rupture or aneurysm

formation at the ends of the stent even when exposed

to continuous stresses from the beating heart

following implantation.
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It would be desirable, in the alternative

to form such a stent as a sheet of preferably though
not necessarily bioabsorbable material which has

been rolled into a substantially cylindrical

configuration and which has at least one of pores

therein and apertures defined therethrough so as to

allow endothelial cells to grow into and over the

stent so that bioabsorption or degradation will

occur within the vessel wall rather in the lumen of

the vessel and further to allow blood flow through
the stent where, for example, the stent traverses a
branch of the blood vessel. ‘

It would even further be desirable to

provide a stent which avoids the limitations of

chronic implantation by being absorbed into the

blood vessel wall after healing of the angioplasty
site. It would further be desirable to form such a

bioabsorbable stent in a mesh-like or helical array
of strands of biodegradable]bioabsorbable material

which will enable endothelial cells at the

angioplasty site to grow into and over the stent so

that biodegradation will occur within the vessel

wall rather than in the lumen of the vessel which

could lead to embolization of the dissolved
material.

A bioabsorbable stent is provided in

accordance with the present invention which can

support a vessel wall following coronary angioplasty

but which overcomes the deficiencies of prior art

metallic stents. More particularly, the present

invention relates to a bioabsorbable stent for

placement at the locus of, for example, a stenotic

portion of a coronary artery which is flexible and

compliant for safe and effective delivery to the

targeted portion of the coronary artery and so as to

avoid arterial rupture or aneurysm formation while

exposed to continuous stresses from the beating
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heart. The stent formed in accordance with the

present invention can be a self-expanding stent

formed from a plurality of strands of biodegradable

material which can be deformed so as to have a

reduced diameter which facilitates delivery of the

stent to the targeted portion of a coronary artery

and, once disposed at the target portion of the

artery, can be allowed to expand to its preformed

configuration to dilate and support that portion of

the blood vessel. In the alternative, the stent

formed in accordance with the present invention.can

be a sheet of bioabsorbable or biodegradable

material which has been rolled in to a substantially

cylindrical configuration which, through the memory

of the material, will tend to expand in diameter

when a force maintaining the same in a relatively

reduced configuration is released.

fhe self-expanding stent provided in

accordance with the present invention can be

transported to a stenotic portion of an artery

within a catheter which retains the same in its

compact, reduced diameter configuration and then »

ejected from the catheter delivery system at the

site of the stenotic lesion where it is allowed to

In the

alternative, the stent of the invention can be

return to its preformed configuration.

mounted to an expandable delivery device which

maintains the stent in its reduced diameter

configuration until deployment of the stent is

desired. The forces maintaining the stent in its

collapsed configuration are released to allow the

stent to expand to its desired, preformed

configuration. Expansion of the_stent to its final

configuration can be augmented and/or facilitated

by, for example, inflating a balloon catheter

therewithin to urge the stent into contact with the

vessel walls to ensure maximal support of the blood
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vessel as well as prompt_encapsulation of the stent
structure. In that regard, where dilation of the

stent is encouraged at the site of the stenotic

lesion, plaque can be compressed at the time of

stent placement rather than or in addition to prior
dilation.

one skilled in the art will appreciate

that a stent formed in accordance with the present

invention can also be expandable from a reduced

diameter configuration (as opposed to self-

expanding). As such, the stent can be delivered to
the locus of a lesion in a reduced diameter

configuration on the distal end of an expandable

catheter and can be expanded in vivo to its

supporting diameter by expanding the expandable

portion of its associated catheter. An expandable

stent in accordance with the invention, may be a

mesh type configuration or as detailed herein below

may be advantageously in the form of a sheet of

biocompatable and preferably bioabsorbable material.

An expandable stent, in accordance with the

invention, may also be formed from a plurality of
sheets or strips of bioabsorbable material which are

interconnected and wherein the means for

interconnecting the strips of bioabsorbable material

provide a means for retaining the stent in a reduced

diameter configuration and a means for retaining the

stent in its expanded or dilating configuration.

The means for retaining the bioabsorbable stent in

its reduced or expanded configuration, particularly

where the stent is a sheet or segment of

bioabsorbable material, can be merely the frictional

‘forces between adjacent portions of the

bioabsorbable sheet.

other objects, features and

characteristics of the present invention, as well as

the methods of operation and functions of the
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related elements of the_structure, and the

combination of parts and economies of manufacture,

will become more apparent upon consideration of the

following detailed description with reference to the

accompanying drawings, all of which form a part of

this specification.

BBIEE DESQBIETLOE OF THE DRAWINGS

FIGURE 1 is an elevational view

illustrating the delivery of a stent provided in

accordance with the present invention to the site of

a stenotic lesion within a coronary artery;

FIGURE 2 is an enlarged elevational view

of a stent provided in accordance with the present

invention disposed within a catheter delivery system

of the type illustrated in FIGURE 1;

FIGURE 3 is an enlarged elevational view

partly in cross-section showing the stent of the

invention disposed within a targeted portion of a

blood vessel, prior to disengagement from the

delivery catheter assembly;

R FIGURE 4 is an enlarged elevational view

similar to FIGURE 3 but following disengagement from

the delivery catheter assembly;

FIGURE 5 is a perspective view of a stent

formed in accordance with the present invention in

its reduced diameter configuration mounted to the

collapsed balloon of a balloon catheter;

FIGURE 6 is a perspective view showing the

stent of the invention following release and

expansion of the stent upon expansion of the balloon

catheter;

FIGURE 7 is schematic perspective view

showing a stent in accordance with an alternate

embodiment of the invention;
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FIGURE 8 is a cross-sectional view of the

stent of FIGURE 7 in its reduced diameter

configuration;

FIGURE 9 is an enlarged view of portion A

of FIGURE 8;

FIGURE 10 is an enlarged view of portion B

of FIGURE 3;

FIGURE 11 is a cross-sectional view of the

stent of FIGURE 7 in its enlarged cross-sectional

configuration;

FIGURE 12 is an enlarged view of portion c

of FIGURE 11;

FIGURE 13 is an enlarged view of portion D

of FIGURE 11;

FIGURE 14 is a schematic perspective view

of a further alternate embodiment of the invention;

FIGURE 15 is a schematic end view showing

the embodiment of FIGURE 14 in its reduced diameter

rolled configuration;

FIGURE 16 is a schematic end view of the

stent of FIGURE 14 in its enlarged configuration;

FIGURE 17 is a perspective view of yet a

further alternate embodiment of the invention;

FIGURE 18 is a schematic end view of the

embodiment of FIGURE 17.

DE LED ES ON OF R S LY ED

EXEMPLAR! §fi§ODIM§NTS

The stent to which the present invention

relates can be either expandable or self-expanding

in form. A detailed description of a stent of the

self-expanding type is provided below. The self-

expanding stent provided in accordance with the

present invention can be woven from a plurality of

strands of biodegradable material into a diamond-

braided pattern. For example, the self-expanding

1181
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stent can be woven from_8 strands of a bio-'

absorbable polymer. Thus the strands for forming

the bioabsorbable stent are extruded, drawn and then

braided to form the basic tubular stent. The stent

is then cut to length and heat set. The severed

ends of the stent are welded together by means of

laser, heat, ultrasound or glue, for example. The

stent so formed has memory characteristics such that

if it is distorted in length and/or diameter, it

will return or tend to return to its preformed

configuration upon the release of external forces.

Thus the stent is self-expanding when distorted so

as to reduce the diameter thereof and subsequently

released. Finally, the stent is formed from a

material and braided such that the stent can

withstand collapse pressures in excess of 200 mmHg.

In order to deliver the bioabsorbable

stent 10 of the invention to the site of a stenotic

lesion, it is necessary for the external diameter of

the stent to be reduced so that the stent can easily

traverse the blood vessels leading to a targeted

portion of a coronary artery and disposed within the

Thus, the

stent must be reduced by for example elongating the

stent, allowing for a corresponding reduction in

reduced diameter portion of the artery.

diameter, and maintained in such a reduced diameter

or collapsed configuration during the delivery

process. Once at the targeted portion of the

coronary artery, the forces tending to reduce the

diameter of the stent are released whereby the stent

can support and/or dilate the stenotic portion of

the coronary artery.

, With reference to FIGURES 1 and 2, the

collapsed or reduced diameter bioabsorbable stent 10

in accordance with the present invention can be

delivered to a targeted portion of a blood vessel by

placing the reduced diameter stent within a delivery
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sheath 12 which is turn fed through a guide catheter

14 through the aorta 16 to the left or right

coronary ostium. The stent carrying sheath 12 is

then advanced from the distal end of the guide

catheter 14 over a guide wire 18 into the targeted

coronary artery and to the site of a stenotic lesion
20.

A second sheath 22 is provided proximally

of the collapsed stent 10 and is used to facilitate

removal of the stent 10 from the outer sheath 12.

More particularly, with reference to FIGURES 3 and

4, once the sheath 12 has been disposed at the

targeted stenotic portion 20 of the coronary artery,
the inner, proximal sheath 22 is held in place while

the outer sheath is retracted or pulled proximally

with respect to the stent 10. Removal of the outer
sheath 12 removes the forces which retain stent 10

in its collapsed configuration and thus allow the

stent to self-expand within the stenotic portion 20

of the coronary artery to support and dilate the

vessel walls (FIGURE 4). The inner sheath 22

prevents stent 10 from moving proximally with outer

sheath 12. The inner and outer sheaths 22, 12 as

well as the guide wire 18 and guide catheter 14 can

then be removed from the vascular system. In the

alternative, the inner and outer sheaths can be

removed and a balloon catheter (not shown in FIGURES

3 and 4) fed through the guide catheter 14 over the

guide wire 18 and into the expanded stent 10. The

balloon can then be inflated within the stent so as

to urge the stent into firm engagement with the

walls of the coronary artery and/or to augment the

dilation of the artery effected by the stent alone.

With reference to FIGURES 5 and 6, in the

alternative, a bioabsorbable stent 10 formed in

accordance with the present invention can be

delivered to the site of a stenotic portion of a
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coronary artery on a balloon catheter 30. More

particularly, with reference to FIGURE 4, the stent

10 in its reduced diameter, slightly elongated

configuration can be secured to the exterior surface

of a collapsed balloon 32 provided on the end of a
balloon catheter 30.

the balloon with any suitable biocompatable glue or

The stent 10 can be secured to

adhesive.

The balloon catheter 30 with stent 10

fixedly secured thereto is then fed over a guidewire

34 to the site of a stenotic portion of a blood

vessel, such as a coronary artery. Once the balloon

catheter 30 has been properly located, the distal

balloon 32 is inflated. Inflation of the balloon 32

disengages the stent 10 from the exterior surface of

the balloon by disturbing the points of adhesive

securement between the stent 10 and the balloon 32.

Once the adhesive securement of the stent 10 has

been released, the stent is free to and tends to

resume its preformed configuration and thus re-

expands or self-expands. Simultaneous inflation of

the balloon 32 ensures that the self-expanding stent

fully expands and is in supporting engagement with

the blood vessel. In addition, the dilation or

inflation of the balloon can simultaneously effect

or encourage the dilation of the stenotic portion of

the blood vessel. Thus, the balloon catheter 30 not

only provides a delivery system for the stent of the

invention but ensures that the stent is fully

expanded once in place and can simultaneously dilate

the targeted portion of the blood vessel.

In the alternative to providing a stent in

the form of a mesh, whether self expanding or

positively expandable, a stent in accordance with

the invention may be formed as a sheet or plurality

of sheets or strips of bioabsorbable material which
are formed or are rolled so as to define a
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substantially cylindrical configuration for

expanding and supporting walls of a body passage,

such as a coronary artery. Thus, in the embodiment

of the invention illustrated in particular in FIGURE

7, a stent 50 in accordance with the invention is in

the form of a series of strips 52 of bioabsorbable

material which are supported in predetermined spaced

relation by first and second elongated supporting

and fastening ribbons 54,56.

strips are bioabsorbable.

The ribbons, like the

Ribbon 54 has a compartment 58 with an

access opening 60. A plurality of compartments 58

may be provided or a continuous compartment 58 with

continuous or intermittent opening(s). Each strip

52 of bioabsorbable material has an enlarged

longitudinal end or has a bulbous element mounted

thereto so as to provide a relatively large

longitudinal end 62. As shown, the bulbous end 62

of each of bioabsorbable strip 52 has tapered walls

so that it gradually increases in cross-section to

facilitate passage of the bulbous portion 62 through

the slit or slot 60 defined in the ribbon 54, while

preventing entry of the bioabsorbable strip in the

reverse direction. Ribbon 54 further includes a

plurality of transverse passages 64 through which

each strip 52 of bioabsorbable material passes.

The second elongated ribbon 56 also

defines a chamber 66 for receiving the bulbous

portion 62 of the bioabsorbable strip(s) 52 and

provides first and second passages 68,70 for each

such receiving chamber 66. The wall thickness of

ribbon 56 differs on each side of the bulbous

portion receiving chamber 66. _on one side, the wall
has relatively thin wall portions 72 to allow

deflection of the wall upon engagement of the

inclined surfaces of the bulbous portion 62 of the

bioabsorbable strip 52. The other wall includes
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relatively thick wall portions 74 which do not

deflect upon engagement with the inclined walls of

the bulbous portion 62-and, thus, the bulbous

portion which enters through the flexible walls 72

5 will be retained within the chamber 66 and cannot

escape from the opposite side walls 74 of the

chamber 66. The opposite longitudinal end 76 of

each bioabsorbable strip 52 is secured to the second

ribbon 56 as shown in FIGURE 10. Any suitable means

10 can be provided for such attachment but it is

envisioned that such securement can best be provided

with a biocompatable glue.

Prior to insertion of the bioabsorbable

stent into the body passage, the stent is in a

15 compacted configuration as illustrated in particular

in FIGURE 3 . ' _

when the stent 50 illustrated in FIGURE 8

is to be expanded within a desired portion of a

stenotic body passage, such as a coronary artery, a

20 force is applied from the radial center of the stent

outwardly to expand the stent. This causes the

bulbous portion 62 of the bioabsorbable sheets or

strips 52 to be urged outwardly of the first ribbon

54 (to the left in FIGURE 9) and out of the bulbous

25 portion receiving chamber 58. At the same time, the

bioabsorbable strip is fed through the passage 64 in

the first ribbon 54, to the left as shown in FIGURE

9. Likewise, the bioabsorbable strip moves through

the bulbous receiving chamber 66 in the second

30 ribbon 56 (to the right as illustrated in FIGURE

10). Ultimately, as shown in FIGURE 11, the stent

will have attained its maximal diameter at which

time the bulbous portion 62 of the bioabsorbable

strip 52 has deflected the walls 72 of the chamber

35 66 in the second ribbon 56 and entered that chamber,

but is incapable of further passing through the

chamber 66 by virtue of the relatively thick chamber
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' walls 74. Thus, the stent 50 illustrated in FIGURE

7 is retained in its reduced diameter configuration

(FIGURE 8) until a force is positively applied to

the stent to enlarge it to its second configuration,

shown in FIGURE 11. once the stent has been

expanded, the bulbous portion 62 is captured in the

second ribbon 56 and cannot exit that chamber 66

either back through the deflectable walls 72 or A
forwardly through walls 74 of that chamber. Thus,

the stent will similarly be retained in it large

diameter configuration.

Because the bioabsorbable strips are

spaced apart along the length of the stent, blood

can flow outwardly from within the stent to without,

between the adjacent bioabsorbable strips and it is

unnecessary to provide apertures allowing blood flow

directly through the bioabsorbable stent material.

However, such apertures can be provided and may be

desirable to encourage tissue ingrowth. Otherwise,

the strips of bioabsorbable material may

advantageously have pores therein and/or apertures

to allow both blood flow and tissue ingrowth. If

the strips are sufficiently small in width, that is

small in the dimension extended along the length of

the stent, then such pores and/or apertures may be

unnecessary.

As yet a further alternative, the

bioabsorbable stent 80 formed in accordance with the

present can be in the form of a pair of sheets 32 of

bioabsorbable material which have been

interconnected so as to define tine receiving

cavities 84 with pieces of a solid bioabsorbable

material in the form of plurality of tines 86

interconnected to the tine receiving cavities.

Thus, the tine elements 86 are interconnected to

first ends of the tine receiving cavities 84, as

shown in FIGURE 14, and the bioabsorbable structure
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can be rolled into a substantially cylindrical

configuration with each tine element 86 inserted in

the opposite end of the tine receiving cavity 84.

To provide a bioabsorbable stent element in a

substantially reduced configuration, the'tine

elements are inserted well into the tine receiving

cavities as shown in FIGURE 15. By suitably

applying a expansion force to the interior of the

reduced diameter stent, the tine elements 86 will

slide relative to the bioabsorbable sheets 82

defining the tine receiving cavities 84 and thus

enlarge the internal diameter of the stent as shown
in FIGURE 16.

the invention, the stent is retained in its reduced

diameter configuration by the frictional interaction

of the tine elements 86 and the tine receiving

cavities 84. Likewise, in the enlarged

configuration, frictional forces retain the tine

elements 86 and tine receiving cavity portions 84 of

the stent 80 in the desired orientation.

As schematically shown in FIGURE 14,

apertures 88 are defined both through the

bioabsorbable sheets 82 defining the tine receiving

cavities 84 and the tine elements 86 themselves so

as to allow blood flow therethrough and/or

endothelial tissue ingrowth. The bioabsorbable

material itself which defines the tines and the tine

In accordance with this embodiment of

receiving cavities can be porous to allow tissue

ingrowth and/or to allow the incorporation of drugs

therein as described more fully below. The

apertures 88 schematically illustrated in FIGURE 14

are for illustrative purposes only and the relative

dimensions of the apertures 88 and the bioabsorbable

material need not necessarily be as shown in that

FIGURE.

In accordance with yet a further

alternative embodiment of the invention as
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illustrated in particular in FlGUREs 17 and 18, the
stent 90 of the invention can be simply in the form

of a rolled up sheet 92 of bioabsorbable material.

Where the bioabsorbable material has shape retaining

memory, the bioabsorbable material can be formed so

as to be a roll of predetermined diameter which has

been for example heat set. The stent is then forced,

by further rolling the material, into a reduced

diameter configuration which is maintained either by

means of a buckle-like retention element 94 provided

on the stent 90 itself or by capturing the stent 90

within or on a catheter element. when the force

tending to maintain the stent in its reduced

diameter configuration is released, then, the stent

90 will self expand to its original or close to its

original diameter.

Where the stent is expandable, that is,

one which retains substantially any shape into which

it is distorted, the stent can be rolled into a

reduced diameter configuration, which it retains

naturally, and then, by applying an expanding force

to the interior surface thereof, can be expanded to

a desired diameter and will retain that

substantially enlarged diameter upon the release of

the expanding force.

As schematically illustrated in particular

in FIGURE 17, the bioabsorbable sheet 92 provided in

accordance with this embodiment of the invention

also has a plurality of pores and/or apertures 96

defined therethrough to allow blood flow through the

stent 90 and/or tissue ingrowth for encapsulation.

The bioabsorbable material can be porous and further

can include apertures defined therethrough to

enhance tissue encapsulation, bloodflow,

therethrough and/or to provide cavities for

receiving and carrying a drug to a targeted area of

a body passage to be treated. In the alterative, as

1189

V0



1190

 

wo 91117789 ‘I 7

10

15

20

25

30

35

PC!‘IUS9l/03454

also detailed herein below, the material of the

stent can have a drug incorporated therein when

formed, which drugs will leach therefrom following

placement in the body. The relative size of the

apertures illustrated in particular in FIGURE 17 is

schematic and in actual practice, the pores or

apertures through the stent may be larger or smaller

then those illustrated.

V As noted above, the stent formed in

accordance with the present invention is preferably

formed from a biodegradable polymeric material. The

particular polymer selected and the thickness of the

same, in particular, will determine the rates of

biodegradation and bioabsorption and the structural
characteristics of the stent during degradation and

absorption should therefore be selected in

accordance with the desired absorption period and

characteristics of the stent.

A Materials suitable for use in forming the

bioabsorbable stents to which the invention relates

are such that, when fabricated in the desired

geometry, afford the stent sufficient strength to

withstand collapse pressures of at least 100 mmHg,

preferably at least 200 mmHg.

not produce toxic reactions, or act as carcinogens

suitable materials do

at the exposure levels present at the stent site.

suitable materials degrade and are absorbed with the

production of physiologically acceptable breakdown

products and the loss of strength and mass are

appropriate to the particular biological environment

and clinical function requirements.

In accordance with a preferred embodiment

of the invention, the stent is formed of poly-L-

lactide. Alternative preferred stent forming

materials include copolymers of L-lactide with DL-

lactide or D-lactide or glycolide, as well as

homopolymers of beta-hydroxybutyric acid and its
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copolymers with other beta-hydroxy aliphatic acids.
Polymers of omega hydroxy acids of the form

I-I0(CH,),.Co,I-I where n is, preferably, 5-13 and polymers
of aliphatic diacids and diols of the form

1-Io,c—(cH,),—co,H and H0-(CI-1,),—0I-I, where x is,

preferably, 4-16 and y is, preferably, 2-18, can

also be used to make stents characterized by varying
rates of hydrolytic degradation.

Polyamides of the form —in«:—(cH,),,—co- and

NH—(CHg,—NH—C0-(CHg,—C0-, where n is, preferably,

6-13 and where x is, preferably, 6-12 and y is,

preferably, 4-16, can also be used particularly

where degradation slower than that achieved with

poly-L-lactide is advantageous.

Polyanhydrides from diacids of the form

Ho,C—C,I-I,—o-(cl-I,),.0C,,H,—C0,H, where n is, preferably,

2-8, give a range of values of Young's modulus and

absorption rates, and copolymers of these with,'for

example, aliphatic alpha-omega diacids of up to

about 12 carbon atoms can be used to provide stents

having accelerated bioabsorption rates, advantageous
in certain circumstances.

Polyorthoesters, such as are formed by the

reaction of (R0) ,C-X-C(oR), with (I-IOCI-I,),CH-Y-

‘CH(CHJnn,, where R is an alkyl group, preferably a

lower alkyl such as CH;-or Cgg-, X and Y are, for

example, -CJL- or -(CHn,- where n is 1-12, or
combinations of

used.
-CJL- and —cH;- groups, can also be

Such polyorthoesters degrade in a biological

environment to yield products that are bioabsorbed.

one skilled in the art will appreciate that by

varying R, X and Y, a range of hydrophobic character

and Youngs modulus can be achieved thus providing

stents of varying stiffness and biodegradability.

As indicated above, polylactide is a

preferred material for stent formation. The

hydrolysis of polyesters such as the polylactides is
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The pH of'blood,

(7.3-7.4) is not sufficient to catalyze the

hydrolysis. However, any hydrolysis taking place in

the interior of the polymer will produce acidic

breakdown products (lactic acid and its oligomers)

that slowly diffuse and act as catalysts to

The rate of

degradation can be further accelerated, where

autoaccelerate the degradation.

desirable, by adding excipients such as citric acid

or fumaric acid, or other relatively nontoxic acids

during the polymer processing. The addition of

acids is, preferably, carried out after the last

heating during the polymer processing to minimize

degradation of the polymers prior to implantation.

For example, fumaric acid can be incorporated into a

solution of poly-L-lactide (for example, a methylene

chloride solution) prior to dry spinning. The

solvent can be readily evaporated, for example, in

warm air, and the fibers fabricated into stents and

A loading of 0.1-1.0% fumaric acid in

Shelf life of stents with

acid excipients can be extended by keeping them dry

and away from high temperatures.

set in shape.

the polymer is preferred.

Exposure to gamma radiation can also be

used to effect chain scission with resulting

formation of acid groups which accelerate stent

degradation. The higher the dose, the more quickly

the stent will degrade.

other additives that can be used to

accelerate stent degradation and thus absorption are

substances that are not themselves an acid but which

hydrolyze to produce an acid more rapidly than the

polymer.

acid, such as lauric acid or ditert. butyl fumarate.

Such additives break down in warm, wet acidic

An example is the tert. butyl ester of an

environments, so that once in vivo degradation is‘
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initiated, catalysts are_generated that further

accelerate degradation.

The same principles used to design

additives that accelerate degradation of the polymer

ig gigg can also be used to make comonomers for use

with lactide which accelerate degradation. For

example, a low molecular weight polymer of tartaric

acid can be made by treating tartaric acid with

ethyl ortho acetate, evaporating off ethyl alcohol

and ethyl acetate. This low molecular weight

polyester which can contain a few ortho ester units

can be incorporated into lactide and subjected to

polymerizing conditions to give a lactide/tartrate

copolymer with hydrolyzable groups which produce

carboxylic acids. one skilled in the art will

appreciate that there are a large number of such

possible comonomers as well as polymer additives.

Preferred are those that do not produce significant

inflammatory or toxic reactions when used in gigg

and those that give desired reproducible rates of

degradation and absorption when used ig gigg.

Comonomers or additives that give a

buffering effect upon hydrolysis can be used to

retard biodegradation when a slower degrading

material is desired. For example, a small amount

(about 1-5%) of alanine copolymerized with lactide

can be used to retard biodegradation. other amino

acids can be incorporated via copolymerization to

give segments such as -NH-(CHgn—Co- where n = 1-17,

preferably, 1 and 5-10,

degradation.

in order to retard

.The non-limiting Example that follows

describes the use of melt spinning in the stent

preparation process. one skilled in the art will

appreciate that melt spinning lowers the molecular

weight. That is, the molecular weight achieved

during polymerization is reduced, fairly rapidly,
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when the polymer is melted. Higher molecular weight

in the final product can be advantageous in that it

i) increased strength and toughness; ii)

improved elastic recovery after deformation; and

gives:

iii) a reduced rate of degradation and absorption.

Spinning from solution can be used in lieu

of high temperature (about 190°C) melt extrusion.

Methylene chloride (b.p. 55°C) is a preferred

solvent for use in such a process. The solvent can

be removed during the spinning process by: i)

evaporating solvent from the protofibers descending

from a spinneret with warm air (known in the art as

dry spinning), or ii) squirting the polymer solution

into a liquid bath, the liquid being a non-solvent

for the polymer but miscible with the solvent in the

spinning solution, e.g. methyl alcohol (known in the

art as wet spinning).

The stents to which the invention relates

can have incorporated therein, or coated thereon,

one or more drugs, such as smooth muscle cell

inhibitors (for example, growth factor inhibitors or

cytotonic agents) collagen inhibitors, vasodilators

(for example, prostaglandins or analogs thereof), or

anti-platelet and/or anti-thrombotic substances (for

example, aspirin, heparin or tissue plasminogen

activator). (Imaging agents, such as radio-opaque

fillers can also be used, as can agents that improve

Such

stents are excellent drug delivery vehicles as they

streamlined blood flow, such as hydrogels.)

can be used to achieve high local drug _

concentrations directly at the area at risk, for

example, for restenosis, while at the same time

avoiding problems associated with systemic drug

administration, for example, toxicity. Timed

release of the drug from the stent can be achieved

either by forming the stent so that slow diffusion

from the stent-forming polymer itself is effected or
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In a preferred embodiment, the outer

portion of.the stent (the "skin") is made porous
after the stent has been fabricated to accommodate

The pores can be filled with a drug/gel
forming matrix by alternating vacuum and hydrostatic
pressure (for example, up to 6,000-20,000 psi). If

necessary, the stent can then be contacted with a

reagent that causes the matrix to set as a gel.

' The porous skin can be formed by dipping
the stent, or filaments from which the stent is to

be formed, into a solvent that swells the outer

layer of the filaments. Ideally, diffusion of the

solvent is effected fairly slowly; diffusion can be

slowed, for example, by chilling the solvent. In

this way the core of the filament is not affected

during the time of exposure to solvent. The

filament with swollen outer layer can then be dipped
into an agent that is a "nonsolvent" for the polymer
of which the filaments are made, which agent forms a

solution with the swelling solvent. This agent,
preferably, diffuses more rapidly than the first

solvent. Warming can be used to promote diffusion

porous skin on the stent filament. If poly-L-
lactide is used as the polymer, chloroform can be

used as the swelling solvent and methyl alcohol as
the agent that causes phase separation.

formation can also be effected in

polylactic/glycolic acid polymers and copolymers

using a blend of, for example, orthoesters (such as

a methyl or ethyl orthoformate or orthoacetate) and
methylene chloride as solvent and water as non-

solvent. The change in CED of the orthoester/water

Pore
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reaction product can_be_expected to produce phase
separation and the molecular weight of the

porthoester will produce a low rate of diffusion out
of the solvent. If nylon 6/6 is used as the

polymer, 75% aqueous formic acid can be used as the
swelling solvent and 5% aqueous formic acid as the

other suitable

polymer/solvent/agent combinations can also be used.
phase separation agent.

one skilled in the art can readily determine

appropriate solvents/agents to be used with any

particular polymer.

' An example of a suitable gelling system

includes a mixture of sodium alginate and neutral

After this is introduced into the pores,

the filaments can be dipped in aqueous calcium

chloride which causes the alginate to gel.

As indicated above drugs to be delivered

can be incorporated into the stent. The manner in
which the drug is incorporated depends on the

spinning technology used (melt spinning, dry
spinning or wet spinning).

Rodriquiz.)

one skilled in the art will appreciate

(See, generally,

that, as melt spinning involves the heating of the

polymer above its melting point, the range of drugs
that can be used in conjunction with this method is

somewhat limited. Drugs that are sufficiently
stable and unreactive at the high temperatures

involved can, however, be blended with the polymer

prior to extrusion.V
In dry spinning, the polymer is dissolved

in a solvent_and the solution is extruded, the

solvent being removed by warm air. The same

analysis applies as in melt spinning but the

temperatures can be substantially lower, increasing
"the number of drugs that can be incorporated.
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In wet spinning, the polymer is dissolved

in a solvent and extruded into a second liquid that

is a "nonsolvent" for the polymer but which will

extract the solvent for the polymer and coagulate

the fibers. The analysis for this process is the

same as for the development of porous skin discussed

above with respect to the relative diffussivities of

the two liquids, but wet spinning gives pores

throughout the fiber diameter. Drug can be

incorporated by running the fibers through a bath

post-congulation, and rinsing. The pores can then

be partially collapsed by stretching, heating, or

solvent exposure thereby trapping the drug

throughout the filament. If a heat sensitive drug

is incorporated, then subsequent processing steps

used must avoid high temperature, e.g., the heat

setting step can be replaced by chemical setting

(see below).

other methods can also be used to

incorporate drugs into the stents of the present

invention. For example, small water soluble

particulates can be added to the polymer before

extrusion and leached out post-fabrication to create

pores. Monomeric lactide can be incorporated before

extrusion and subsequently leached out. Very small

pores can be created by swelling the polymer at any

stage post-extrusion in a supercritical fluid such

as propane and then reducing the pressure so that no

liquid phase exists. In all cases, drug containing

solutions can be forced into the pores by

hydrostatic pressure with or without a gelling agent

to control out-diffusion of the drug.

one skilled in the art will appreciate

from the foregoing that the stent to which the

invention relates can be used as a vehicle for

delivering virtually any drug. Care must be taken,

however, to ensure that the fabrication process,

1197
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particularly in those situations where the‘drug is
to be incorporated into the stent, is selected such

that the activity of the drug to be delivered is not

diminished or destroyed. In addition to use of the

spinning technologies noted above, the temperature

of the setting step of stent formation must also be
considered. As an alternative to annealing, which

involves heating to temperatures in the range of

110-140°C, chemical setting can be used.

Specifically, the stent can be exposed to vapors or

liquid of a poor solvent or weak swelling agent such

as ethyl acetate, then air or vacuum drying to
remove the solvent/agent (0-40°C).

Drugs particularly sensitive to thermal

deactivation (for example, proteins, including

tissue plasminogen activator) are preferably

incorporated into a porous skin formed on the stent,

sterilization of the stent in

the case of such drugs can be effected using gamma

radiation.

as described above.

one skilled in the art will recognize that

the amount of drug to be incorporated into, or

coated on, the stent will depend on the therapy

sought. Such determinations can be made without

undue experimentation.

From a reading of the following non-

limiting Example, one skilled in the art will

appreciate that variations in molecular weights,

dimensions, draw ratios, temperatures and solvents

are all possible without substantially altering the

product stent. H
EXAMPLE

stent Preparation

Rectangular or cylindrical monofilaments

made by melt extrusion of poly-L-lactide with an

average weight of 35,000 daltons were drawn to 600%
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of their original length to give a final diameter

for the cylindrical filaments of 0.18mm. These

fibers were braided onto a 4- to 8-foot Teflon

mandrel, 3.17mm in diameter, using 8 ends in the

braiding process (four filaments moving in clockwise

and four in counterclockwise helices, each filament

alternately going over and under the intersecting
filaments). The filaments were then secured to the

mandrel with two wire twists at intervals such that

each interval was slightly longer than the desired

stent (typically, 0.5-2.0 cm in length). ’The

spacing of the two wire twists was such that after

annealing the mandrel and fiber could be cut between

the wires to give a single stent length while

constraining the fibers form shrinking during

annealing. (The purpose of annealing is to heat set

the'fibers so they will return to a helical form if

distorted after annealing.) The annealing was

carried out at 140°C for 15 minutes. (Higher

temperatures (below the melting point) allow shorter

annealing cycles and lower temperatures down to

about 110° work better with longer times.) The
annealing was done in air although an inert

atmosphere such as nitrogen or vacuum annealing

result in somewhat higher molecular weight products.

The filaments of the partially formed

stents were glued together at the desired terminal

intersections, thereby determining the final length,
with a small drop of a solution of poly-L-lactide in

a volatile solvent such as chloroform, and removed

from the mandrel. When the solvent has

substantially evaporated, the stents are trimmed to

remove most of the fibers beyond the glue joints and

each joint is brought into proximity with a hot wire

causing the ends to fuse and become smooth.
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While the invention has been described in

connection with what is presently considered to be

the most practical and preferred embodiment,

to be understood that the invention is not to be

limited to the disclosed embodiment, but, on the

contrary, is intended to cover various modifications

and equivalent arrangement included within the

it is

spirit and scope of the appended claims. For

example the preformed stent need not be a right

cylinder but could have a cross-section which varies‘

along the length of the stent.

setting can be used in lieu of thermal annealing.

Solvent setting is particularly advantageous where

drugs are to be incorporated into the stent. In

addition, the self expanding stent of the invention

Further, solvent

could advantageously be used in body passages other

than the coronary arteries, such as the ureters or

the fallopian tubes, such alternative applications

and configurations being limited only by the

‘appended claims.
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EEAT IS CLQIMED ES:

1. A intraluminal stent comprising a

tubular main body portion having a first end, a

second end, and a flow passage defined therethrough
from said first end to said second end, said tubular

main body portion being sized for intraluminal

placement within a body passage, said main body

portion being formed from a bioabsorbable material

which has been rolled into a substantially
cylindrical configuration, said bioabsorbable

material being one of porous and apertured, said

main body portion being self-expanding from a first,
reduced cross-sectional dimension to a second

enlarged cross-sectional dimension whereby said main

body portion can be transported intraluminally to a

targeted portion of a body passage and expanded to a

second enlarged diameter so as to engage and support
said targeted portion of said body passage, said

main body portion including means for retaining said
bioacompatable material in said reduced diameter

configuration and means for retaining said

biocompatable material in said enlarged diameter

configuration, wherein said stent has a

therapeutically effective amount of a drug coated
thereon or incorporated therewithin.

2. A stent as in claim.1 wherein said

bioabsorbable material is a polymeric material.

3. A stent as in claim 1, in combination

with a catheter assembly including a guiding

catheter having a proximal end and a distal end, an

outer sheath element having a proximal end and a

distal end and an inner sheath element having a
proximal end and a distal end, said outer sheath

element being slidably mounted within said guide
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catheter and said inner_sheath element being

slidably mounted within said outer sheath element,

said stent being mounted within said distal end of

said outer sheath element, distally of said inner

sheath element.

4. _ A stent as in claim 1, in combination
with a catheter assembly comprising a balloon

catheter having a distal end and a proximal end and

an inflatable balloon provided at said distal end,

said stent being mounted to an exterior surface of

said inflatable balloon.

5. A stent as in claim 4, wherein said

stent is secured to said inflatable balloon with one

of a biocompatable glue and a biocompatable

adhesive. ‘

6. A stent as in.c1aim 2 wherein said

polymeric material comprises po1y—L-lactide.

7. A stent as in claim 1 wherein said

bioabsorbable material comprises a bioabsorbable

polyester and a pharmaceutically acceptable acid.

8. A stent as in claim 7 wherein said

polyester comprises poly-L-lactide and said acid is
fumaric acid.

9. A stent as in claim 1 wherein said

bioabsorbable material comprises a polyamide of the

formula: V

-NH- (Cl-1,) n-co- or -NH- (CI-1,) ,,-NH-co- (CI-1,) ,—co-

wherein n is 6-13, x is 6-12 and y is 4-16.
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10. A stent as in claim 1 wherein said

bioabsorbable material comprises a polyhydride of
the formula

. H0,C-C,,H,-O- (CH...) ,,-OCJ-I,-CO,-H

wherein n is 2-8.

11. A stent as in claim 1 wherein said

bioabsorbable material comprises a polyorthoester

resulting from the reaction of (RO),C-X-C (OR), with
(HocH,) CH-Y-CH (CI-1,01-I) ,, ’
where

R is a lower alkyl group, and

X and Y are, independently, -CJL- or

-(GHQ,-, where n is 1-12, or combination thereof.

12. The stent according to claim 1

wherein said drug is a smooth muscle cell inhibitor.

13. The stent according to claim 1
wherein said drug is a vasodilator.

14. The stent according to claim 1

wherein said drug is an anti-platelet or

antithrombotic agent.

15. The stent according to claim 1

wherein said drug is a collagen inhibitor.

16. A method of forming pores on the

surface of said stent according to claim 1,
comprising:

i) contacting filaments from which said

stent is formed with a solvent that swells said

filaments under conditions such that swelling of an
outer layer of said filaments is effected; and

ii) contacting said filaments resulting
from step (i) with an agent that is a nonsolvent for

.1203
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said filaments, which agent forms a solution with

said solvent, under conditions such that said agent

diffuses into said swollen outer layer of said

filaments thereby causing phase separation and pore

formation in said outer layer of said filaments.

17. The method according to claim 16,

wherein said pores are formed in said outer layer of

said filaments prior to formation of said stent from

said filaments.

18. The method according to claim 16,

wherein said pores are formed in said outer layer of

said filaments after formation of said stent from"
said filaments. '

19. A method of incorporating a drug into

the stent according to claim 1, comprising:

i) forming pores in an outer layer of

filaments from which said stent is formed;

ii) introducing into said pores a

composition comprising said drug and a gel forming

agent; and

iii) effecting setting of said composition

as a gel.

20. An intraluminal stent comprising a

tubular main body portion having a first end, a

second end, and a flow passage defined therethrough

from said first end to said second end, said tubular

main body portion being sized for intraluminal

placement within a body passage, said main body

"portion being formed from a bioabsorbable material
which has been rolled into a substantially

cylindrical configuration, said bioabsorbable

material being one of porous and apertured, said

main body portion being expandable from a first,
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O reduced cross-sectional.dimension to a second

enlarged cross-sectional dimension whereby said main

body portion can be transported intraluminally to a

targeted portion of a body passage and expanded to a

second enlarged diameter so as to engage and support

said targeted portion of said body passage, said

main body portion including means for retaining said

bioacompatable material in said reduced diameter

configuration and means for retaining said

biocompatable material in said enlarged diameter

configuration, wherein said stent has a

therapeutically effective amount of a drug coated

thereon or incorporated therewithin.

21. A stent as in claim 20, wherein said

means for retaining comprises frictional engagement

of first and second circumferential ends of said

biocompatable material.

22. A stent as in claim 20, wherein said

biocompatable material is in the form of at least

one strip, said means for retaining comprises an

elongated connector element mounted to a first end

of said strip of bioabsorbable material, a second

end said of bioabsorbable material being slidable

relative to said connector element.

23. A stent as in claim 22, wherein first

and second connector elements are provided, one of

said connector elements being fixedly secured to a

first end of said sheet of bioabsorbable material.

24. A stent as in claim 23, wherein each

of said connector elements includes means for

slidably receiving said strip of material.’
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25. A stent as in claim 22, wherein a

plurality of strips of biocompatable material are

provided}

26. A stent as in claim 20, wherein said

main body portion includes a plurality of tine

receiving cavities and a plurality of tine elements

said tine elements, being connected at a first end

thereof to a first end of said tine receiving

cavities and a second end of said tine elements

being inserted into a second end of said tine

receiving cavities.

27. An intraluminal stent comprising a

tubular main body portion having a first end, a

second end, and a flow passage defined therethrough

from said first end to said second end, said tubular

main body portion being sized for intraluminal

placement within a body passage, said main body

portion being formed from a bioabsorbable material

having at least one of pores and a plurality of

apertures therethrough whereby tissue encapsulation

of the main body portion is facilitated and the

blood flow there through is possible, wherein said

biocompatable material has a drug one of coated

thereon, impregnated therein, and encapsulated

therewithin.
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HADIALLY EXPANDABLE ENDOPHOSTHESIS

Background fld Description ofthe invention

‘ The present invention generally relates to en-

doprosthesis devices, to a procedure for making
same, and to the use thereof. More particularly, the
invention relates to a generally tubular en-
doprosthesis that is radially expandable between a
generally unexpanded insertion circumference and

an expanded implantation circumference which is

greater than the unexpanded insertion circumfer-

ence. lncluded are a plurality of generally circum-
ferential sections. one or more of which includes

one or more expandable segments that are ben-

dable members which are generally collapsed
when the endoprosthesis is in its generally unex-

panded insertion orientation and which are gen-
eraliy opened when the endoprosthesis is in its
expanded implantation orientation.

Endoprostheses are known for treating
stenoses. aneurysm conditions and the like. An

endoprosthesis device of this type. which is at

times referred to as a stent. is typically placed or
implanted by a mechanical transluminal procedure.

Often a device of this type is percutaneously im-
planted within the vascular system to reinforce
collapsing. partially‘ occluded, weakened or abnor-

mally dilated localized sections of a blood vessel or
the like. when endoprostheses or stents are used

, to treat a stenosis condition. typically such is done
in association with a dilation element such as an
angioplasty balloon. in this instance. the dilation

element or balloon device opens the constriction.
and a stent or the like is positioned thereat in order

to prevent or at least substantially slow re-formation
of the stenosis.

One attribute of a stent is that it is radially
compressible and expandable so that it will easily
pass through a blood vessel or the like when

collapsed and will expand to its implanted size
after the stenosis. aneurysm.or the like has been

reached. it is also desirable that a stent be gen-
eraily flexlbie_throughout its length so that it is
easily maneuverable through bends and curves of

the blood vessel or the like. it is typically desirable

that a stent or endoprosthesis have a substantial
amount of open space so as to allow for en-

dotheliallzatlon along its length and to minimize
interference with collateral blood vessels and the

like. While It is important that a stent or en-

doprosthesis lodge securely into place at the de-

sired location, it can be advantageous to have a

stent that is removable through a transluminal per-
cutaneous procedure. should removal be needed.

Various currently known stent products-have

structures that are essentially coiled springs. When
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this type of ‘spring stent is tightly coiled. its diam-
eter is relatively small for insertion through a blood
vessel or the like. when the coil is sprung or coiled

more loosely. the stent assumes its expanded.
implantation orientation. Maass et al U.S. Patent

No. 4.553.545 is illustrative of this type of coiled
spring stent or endoprosthesis. Multihelix or braid-

ed stents are also known. .and they suffer from
poor maneuverability. They are also difficult to re-

move once implanted, and they may exhibit nu-

merous exposed. relatively sharp or jagged ends.
Palmaz U.S. Patent No. 4,733,665 is representative

of an expandable stent of this general type. Gian-
turco U.S. Patent No. 4.580.568 illustrates a per-
cutaneous endovascular stent formed of stainless

steel wire that is arranged in a closed zig-zag
pattern somewhat in the nature of a bookbinder

spring. Such a stmcture is somewhat unsymmetr-
ical. and it may be subject to reocclusion due to

the very large open space that is typically present
between the wires of this type of device. Another
type of stent is known as a Slatz stent. and it

includes a hypodermic tube with longitudinal slots

etched into its body. While such a device has a
high-ratio of unexpanded to expanded diameter. it
is a comparatively rigid device which is difficult to

maneuver through a tortuous path and is not easily
removed in a transluminal manner.

With many of these currently known stent
structures, the axial length of the stent decreases
as the circumference of the stent increases. which

is typically a disadvantage. For example, any such
length reduction must be taken into consideration

in selecting proper stent sizing for a particular

implantation procedure. Also. this attribute of many
prior stents requires the passage through the blood
vessel or the like of a stent which is longer than the _

length actually needed for the implantation proce-
dure being performed. This is a particularly difficult
problem for procedures in which the stent‘ must be

passed through a pathway having twists or turns.

especially for a stent structure that is not easily
bendable.

The present invention avoids the various defi-

ciencies of these types of prior art structures and

provides important and advantageous features of
endoprostheses or stents and the use thereof. in

summary. the endoprosthesis of this invention in-

cludes a plurality of generally circumferential sec-
tions that are generally adjacent to one another

along their respective opposing generally circum-

ferential edges. At least one of these generally

circumferential sections has an expandable seg-
ment that imparts radial expandability to the gen-

erally circumferential section. The expandable seg-
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ment‘ is a bendable. elbow-like member that is

bendable between a generally collapsed or closed

orientation and a generally opened orientation and
is capable of assuming bending orientations be-
tween one that is fully closed and one that is fully

opened. By this structure. the endoprosthesls or

stent has an unexpanded insertion circumference

and an expanded implantation circumference.

which is greater than the insertion circumference.
In addition. this variation in circumference is

achieved without substantially changing the axial
length of the endoprosthesls or stent. The stent is
made by a procedure that is relatively uncom-

plicated. and. generally speaking. the stent can be
transluminally explanted if necessary.

it is a general object of the present invention to
provide an improved radially expandable. axially
extending endoprosthesls of the type that can be

transluminally implanted.
Another object of the present invention is to

provide an improved endoprosthesls or stent that

can be constructed to have very large radial expan-

sion capabilities.
Another object of this invention is to provide an

improved radially expandable axially extending en-
doprosthesls that is extremely maneuverable and

capable of moving through a tortuous path. -
Another object of the present invention is to

provide an improved radially expandable axially
extending endoprosthesls that can. if desired. be
transluminally explanted by means of. for example.
a snare lead or catheter.

Another object of the present invention is to
provide an improved radially expandable axially
extending endoprosthesls which includes members

that can be spaced apart in a manner that en-
hances lodging of the endoprosthesis at its im-
planted site.

Another oblect of the present invention is-to

provide ~ an improved axially extending en-
doprosthesls that can be constructed in order to be

radially expandable by an expanding member or
balloon of a catheter device and/or can be radially

expandable due to spring-like properties of the
endoprosthesls.

Another object of this invention is to provide an

improved procedure for making an axially extend-

ing and/or generally tubular endoprosthesls that is
radially expandable.

Another object of the present invention is to
provide an improved procedure and system for

transluminally explanting an axially extending radi-
ally expandable endoprosthesis or stent.

Another object of the present invention is to
provide an improved radially expandable en-

doprosthesls that substantially avoids the presenta-
tion of any frayed edges and that generally maln-

talns its axial length throughout various radial ex-
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pansion positions.
These and other objects. features and advan-

tages of this invention will be clearly understood
through a consideration of the following detailed
description.

Brief Description of the Drawings

in the course of this description, reference will

be made to the attached drawings, wherein:

Figure 1 is a perspective view illustrating an

early step in the procedure of making an en-
doprosthesls according to the present invention;

Figure 2 is an elevatlonal view illustrating a

step subsequent to that shown in Figure 1;
Figure 3 is an elevational view showing a

manufacturing step subsequent to that of l-‘lgure 2.

while also illustrating a substantially completed en-
doprosthesls in accordance with the present inven-
tlon:

Figure 4 is a cross-sectional view along the
line-1-4 of Figure 3;

Figure 5 is an enlarged detail view of a
portion of one end of the endoprosthesls shown in

Figure 3:

Figure 6 is a perspective view illustrating an
early step in the procedure of making another
embodiment of the endoprosthesls: -

Figure 7 is an elevational view illustrating a
step subsequent to that shown in Figure 6. while

also illustrating the configuration of a portion of this

endoprosthesls prior to its circumferential orienta-
tlon:

Figure 8 is a perspective view illustrating an

early step in the procedure of making a further
embodiment of the endoprosthesls:

Figure 9 is an elevational view illustrating a
step subsequent to that shown in Figure 8. while

also illustrating the configuration of a portion of this
endoprosthesls prior to its circumferential orienta-
tion; .

Figure 10 is an elevatlonal view of an early
step in the manufacturing procedure for still a fur-
ther embodiment of the endoprosthesls;

Figure 11 is an elevational view of a step
subsequent to that shown in Figure 10;

Figure 12 is an elevational view of a manu-
facturlng step subsequent to that illustrated in Fig-
ure 11 and which shows a length of material suit-
able for winding on a mandrel in a generally helical
manner in order to form the endoprosthesls of this
embodiment: -

Figure 13 is a generally cross-sectional view

illustrating an early step in a procedure for implant-
ing an endoprosthesls according to the present
invention. this particular procedure being especially
suitable for an endoprosthesls having spring-like
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properties; .

Figure 14 is a generally cross-sectional view
illustrating an implantation step subsequent to that
shown in Figure 13:

Figure 15 is a generally cross-sectional view

illustrating an implantation step subsequent to that
of Figure 14; _

Figure 16 is a generally cross-sectional view

illustrating an implantation step subsequent to that
illustrated in Figure 15;

Figure 17 is a generally cross-sectional view

of an implantation step subsequent to that illus-

trated in Figure 16;
Figure 18 is a generally cross-sectional view

of an implanted stent or endoprosthesls in accor-
dance with the present invention:

Figure 19 is an elevatlonal view of an en-
doprosthesis and distal end of a balloon catheter

for an implantation procedure that is especially

suitable'for an endoprosthesls according to the
present invention that is constructed of a

malleable-type of material;

Figure 20 is a generally cross-sectional.lt-
lustration of the endoprosthesls and catheter of

Figure 19 positioned within a blood vessel;

Figure 21 is a generally cross-sectional ll-

iustration of an implantation stage subsequent to
that shown In Figure 20; ’

Figure 22 is a generally cross-sectional il-

lustratidn of an implantation stage subsequent to
that shown in Figure 21:

Figure 23 is a generally cross-sectional ii-

lustratdon of an implanted stent or endoprosthesls
according to the present invention:

Figure‘24 is a generally cross-sectional ll-

lustration of a snare catheter shown explantlng a
stent or endoprosthesls in accordance with the
present invention; and

figure 25 is a generally cross-sectional ll-

lustration showing a further stage of the explan-
tation procedure illustrated in Figure 24.

Description of the Particular Embodiments

A radially expandable axially extending en-

doprosthesls or stent is generally designated as 31
in Figure 3. as well as in Figure 4. The stent
includes a plurality of generally circumferential sec-
tions 32. in this illustrated embodiment. each of the
circumferential sections 32 are formed from the

same continuous, helicaliy wrapped length, such as

the undulating length 33 shown in Figure 2. ,
At least one of the circumferential sections 32

includes at least one expandable segment 34. Ex-
pandable segment 34 is a bendable member that

typically includes one or more legs 35. Each leg 35
is bendably secured to the rest of the circumferen-
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tial section 32 by a so-called living joint or hinge

that is a unitary or integral component of the leg 35
and the adjacent portion of the circumferential sec-

tion 32. For example. in the embodiment illustrated

in Figures 1 through 5. each leg 35 is bendably

joined to another leg 35 through an integral or
living hinge 36 which has a generally arcuate

shape. When the stent 31 expands. the integral

hinge 36 permits end portions 37 of the legs 35 to
move farther apart. thereby increasing the circum-
ference and diameter of the stent 31. Of course,
the circumference and diameter of the stent 31 can

be reduced by forces which move these end por-
tions 37 closer to each other.

An understanding of the manner in which the
endoprostheses according to this invention, such
as the stent 31. can be made will be obtained from

a consideration of Figures 1, 2 and 3. Figure 1
shows a mandrel 38 that has a cross-sectional

configuration that is somewhat oval in shape. Man-
drel 39 can. for example. be a circular tube that

has been flattened on two opposing longitudinal
portions in order to provide a cross-section that is

generally rectangular in shape. with two opposing
end portions thereof being arcuate or rounded. A

strand 39 of wire or other material. as generally
discussed elsewhere herein‘. is generally tightly
wound over the mandrel to the extent that the

strand 39 takes on a cross-sectional shape along
the lines of that of the mandrel 38. Preferably, this
winding is done in a manner such that there‘ is a

substantial spacing between each individual wind of

the strand 39. Generally speaking, the tighter the
wind and the thinner the mandrel. the closer will be

the spacing between the expandable segments 34
of the completed stent 31.

After this winding procedure has been com-
pieted. the mandrel 38 is removed from the wound

strand 39. The wound strand 39 is then subjected
to flattening forces so that the three-dimensional

wound strand 39 is transformed into a generally

planar shape such as that of the undulating length

33 shown in Figure 2. These forces may be applied
by any suitable means. For example. the wound
strand 39 can be compressed between two planar

surfaces. during which procedure, portions of the

wound strand 39 are twisted until the generally unl-

planar undulating length 33 is formed. This length
has a generally sinusoidal character. .

in order to complete formation of the stent 31

illustrated in Figure 3. the undulating length 33 is
then wound, in a generally helical manner. around

a substantially cylindrical mandrel 41, as is gen-
erally illustrated in Figure 3. This generally helical
wrapping procedure continues until the desired
number of circumferential sections are formed in

order to provide a stent 31 of a desired length.
With reference to Figure 5. this winding proce-
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dure that is generally illustrated in Figure 3 in-
cludes proceeding in a manner so as to avoid the
presentation of any loose ends in the completed

stent 31. This is readily accomplished by forming
the strand.39 and the undulating length 33 so that
each end circumferential section 42 has a free end

43 that readily hooks onto an adjacent portion of

the stent 31, such as an integral hinge ‘36 of the
circumferential section 32 that is adjacent to and

inwardly spacedfrom the end circumferential sec-

tion 42. The free end 43 illustrated in Figure 5 is in
the nature of a hook portion that readily loops or

tucks into the integral hinge 36.

Regarding the embodiment shown in Figures 6
and 7, the mandrel around which the strand 39 is

wound is a substantially rectangular mandrel 44. As

a result, the generally planar structure that is sub-

sequently formed is an undulatlnglength 45 that
includes a plurality of legs 46 joined by a unitary or

integral hinge or living hinge 47 that is typically
less arcuate than the integral hinge 36. This un-
dulating length 45 is then formed into an en-
doprosthesis or stent by hellcally winding same on
a structure such as the cylindrical mandrel 41.

Another embodiment of the endoprosthesis or

stent is made in a manner generally illustrated In

Figures 8 and 9.- Here, the mandrel is a generally
lens-shaped mandrel 51 which has a transverse
cross-section that can be described as defining tw.o
convex surfaces positioned in back-to-back rela-

tionship with each other. Much in the same manner

as the other embodiments. the elongated strand 39
is wound around the lens.-shaped mandrel 51. The

mandrel 51 is subsequently moved therefrom, and
the wound strand 39 is rendered substantially unl-

planar in order to form undulating length 52 that is

suitable for forming into a stent by wrapping ar-
ound the mandrel 41.

Another embodiment illustrating the manufac-
ture oi an endoprosthesis or stent in accordance

with this invention is generally illustrated in Figures
10. 11 and 12. A strand is wound around a small-
diameter mandrel 53. in this case. the strand is

formed into a tightly wound helix 54. Thereafter.
the mandrel 53 is removed, and the strand is

formed into a more loosely wound helix 55. For

example. the helix 55 can be elongated such that

the pitch angle is less than approximately 60'.
This helix 55 is then flattened generally in the
manner previously discussed. for example to 15
tons in a pneumatic press, in order to form a

generally uni-planar undulating length 56. if de-

sired. the length 56 can be axially compressed in a
contained mold to the desired pitch angle. Length
56 is suitable for winding around cylindrical man-

drei 41 in order to thereby form an endoprosthesis
or stent.
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Stents illustrated herein are typically capable of‘
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moving through a tortuous path that may be en-
countered in vascular system implantation. Such

stents can be easily axially bent over a relatively

small radius without damage or high bending resis-
tance.

it should be appreciated that in the illustrated
embodiments. each circumferential section 32 is

generally identical. it is also possible within the
spirit of the invention to provide circumferential

sections that are not this uniformly shaped. For
example. the circumference of adjacent sections
can differ in order to fonn a stent that is not strictly

shaped in the nature of a right cylinder. For exam-
ple, tapered. truncated cone-shaped stents or

stepped stents can be provided. in addition, in

some applications, it can be suitable to include

circumferentiatsectlons that are not composed en-

tlrely of expandable segments, but instead could
include no_n-expandable portions that are joined by

expandable segments. it also may be possible to
provide stents within the spirit of the present inven-
tion which include one or more circumferential sec-

tlons that form a stent device without proceeding

with helical winding around cylindrical mandrel 41
or the like. it is also possible to provide a stentthat

has a generally bifurcated structure for use in situ-
ations in which the stenosis, aneurysm or the like
that is to be treated is at a branching location
within the vascular system or the like. Such a
bifurcated stent structure can be formed. for exam-

ple. by Joining portions of the opposing ends of two
different unitary stents in order to provide a total
structure that is bifurcated. Y-shaped or the like.

The materials out of which stents according to

the present invention can be made, and especially
the expandable segments thereof. fall into two gen-
eral categories. The material can be-either elastic

or generally Inelastic. Examples of elastic materials
include spring steels, stainless steel, Nitinol. Et-
giloy. an alloy known as NP36N, and the like.
Generally inelastic materials can be characterized

as being malleable. included are tantalum. titanium,

silver, gold. and annealed versions of the elastic
materials described. herein. Polymers may also be
used. such as polyether sulfone. polylmide. poly-

carbonate, polypropylene. ultra high molecular
weight polyethylene. carbon fiber, Kevlar. and the'
like. It is also possible to coat these materials with

po_rous or textured surfaces for cellular ingrowth

and the like or with non-thrombogenic agents such
as pyrolytic carbon. heparin, hydrogels, Teflon ma-
terlais. silicones, polyurethanes and the like. The

stents can be treated so that drugs can be eluted
therefrom. it is also possible that certain stents

may be made of biodegradable materials. in any
event. the stent material. of course, is to be

biocompatlbie.

Figures 13 through 18 illustrate an implantation
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procedure and an insertion system that is particu-
larly suitable for stents that are constructed of an

_ elastic material such as spring steel. A stenosis or
lesion 61 is shown within a blood vessel 62. The

stent 31 is positioned on a balloon catheter, gen-
erally deslgnated as 63. An lntroducer tube or

plunger 64. or a similar stop-providing structure. is
positioned along the outside surface of the catheter

tube 65. The stent 31 is located distally of the
member 64, and a sheath 66 holds the stent 31 in

a generally compressed state during which the
expandable segments of the stent 31 are generally
collapsed or closed. Figure 13 further shows the
balloon 67 of the catheter in a mode in which it is

exerting outwardly radially directed forces on the

lesions in order to dilate sameto provide a wider

opening as generally illustrated in Figure 14 in
order to thereby generally reduce the overall extent
of the lesion 61a. At this time, the balloon 67 is

_ collapsed. and the catheter 63 is moved in a distal

direction so that the collapsed stent 31 is generally
positioned within the lesion 61a. Next, as illustrated

in Figure 15. the sheath 66 is withdrawn by moving
same in a generally proximal direction. and the
stent 31 is released from the sheath 66. This

release can be such that adjacent circumferential

sections of the stent expand in a generally sequen-

tlai manner. which is generally illustrated in Figure
15. '

After this procedure is completed, the entire

stent 31 has been sprung, and it springingly en-

gages the dilated lesion 61a, which is generally

illustrated In Figure 16. Thereafter. as seenin Fig-
ure 17. the catheter 63 can be moved in a gen-

erally proximal direction until the balloon 67 is
again generally aligned with the dilated lesion 81a.

as desired. Then. the balloon 67 can be pressur-
ized in order to further implant the stent 31 and in
order to further dilate the lesion as desired so as to .

form a treated lesion 61b which remains after the

catheter 63 is removed, as is generally shown in
Figure 18. ‘

Figures 19 through 23 show an arrangement
that is especially suitable for non-elastic stents in

which the expandable segments thereof are made

of malleable material. with reference to Figures 19
and 20. a stenosis oriesion 61 within blood vessel

62 is transluminaliy reached by a balloon catheter

71 having a stent 31 overlying the collapsed bal-
loon 72 of the catheter 71. The balloon 72 is then

expanded in a well-known manner. at which time

the stent 31 is also expanded by opening the
expandable segments thereof; An intermediate dila-

tlon position is shown in Figure 21, and an initially
dilated lesion 61a is shown therein. Figure 22
shows additional dilation by the balloon 72. and the
thus treated lesion 61b is also shown. After this

stage is achieved. the balloon catheter 71 is re-
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moved, as shown in Figure 23.

The stent 31 remains in place as generally
illustrated in Figure 23 because the malleable ma-

terial (or for that matter an elastic material) exerts a
hoop stress when it is expanded to the size illus-

trated in Figure 23 such that it will not collapse by
inwardly directed radial forces presented by the
treated lesion and vessel wall or the like. in other

words, the hoop stress of the expanded stent is
greater than the hoop forces ‘exerted by the pas-
sageway within which the stent is implanted. in

addition, the force required to open the collapsed
stent by the balloon is less than the hoop force

provided by. the balloon. in other words. the hoop
stress of the collapsed or unextended stent is less

than that oithe hoop force provided by the pres-
surized balloon of the catheter. One feature that

can contribute to the advantageous hoop stress
properties of the malleable stents of the type illus-
trated in the drawings is the ability of the stent to
expand well beyond that needed to effect the dila-

tion procedure. For example, a typical dilation pro-
cedure and stent extension is one in which the fully

extended dilating diameter or circumference is ap-
proximately three times the insertion or collapsed

_diarrieter or circumference. With stent structures

_such as those illustrated in the drawings. the
amount of possible expansion can be on the order

of twelve times. This feature. together with the
maileabiiity of the particular material utilized. tends

to reduce the hoop force that is needed to expand
the stent to about three times its insertion or col-

lapsed configuration.

Figures 24 and 25 illustrate a stent withdrawal

procedure and a snare catheter system that can be
used to remove or explant implanted stents accord-

ing to the present invention. A snare catheter. gen-

erally designated as 74, is illustrated. An elongated
member 75 is slidably positioned within a catheter

body 76. Elongated member 75 includes a hook
member 77 at its distal end. When extended into

the stent 31. the hook member'77 shares a portion
of the stent 31. A suitable control structure. such as

the puller assembly 78 illustrated is manipulated in
order that the hook member moves in a proximal

direction. with the result that the stent begins to
uncoil and is opened to such an extent that it can

be passed through the blood vessel 62 or the like "
until it is totally removed from the body by contin-

ued movement of the elongated member 75 in the
proximal direction.

For purposes of illustration. the following de-
tails are given regarding a typical stent 31. An
exemplary malleable material is tantalum wire hav-
ing a diameter of 0.005 inch wound on a mandrel

having a nominal diameter of 0.020 inch. The

length of each leg 46 is on the order of about 0.048

inch. and the center-to-center spacing between ad-
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lacent integral or living hinges 38 is about 0.042
inch. A typical collapsed or insertion outer diameter
for such a stent is about 0.085 inch. with the inner

diameter thereof being about 0.070 inch. The over-

all length of the stent 31 is selected to be that
generally needed to treat the lesion or the like

inasmuch as the overall length of the stent will
remain substantially the same whether it is col-

lapsed or extended. except to the degree that the
legs 46 of the exterior -circumferential sections 32

move somewhat inwardly as the hinge ls flexed.

thereby somewhat nominally decreasing the overall

length of the stent.
It will be understood that the embodiments of

the present invention which have been described

are illustrative of some of the applications of the

principles of the present invention. Numerous
modifications may be made by those skilled in the

art without departing from the true spirit and scope
of the invention.

Claims

1. A radially expandable axially extending en-

doprosthesls, comprising:

a plurality of generally circumferential sections,
said generally circumferential sections being sub-
stantlally adlacent to one another and oriented with
respect to each other In order to thereby define an
axially extending endoprosthesls:

at least one of said generally circumferential sec-
tions Includes an expandable segment that imparts
radial expandability to said generally circumferen-
tial section whereby said section has an unexpan-

ded insertion circumference and an expanded im-

plantation circumference which is greater than said
unexpanded insertion circumference; and

said expandable segment of the generally circum-
ferential section is a generally foldable member
that is bendable between a generally closed on‘-
entatlon and a generally opened orientation so as

to impart radial expandability to the generally cir-
cumferential section.

2. The endoprosthesls according to claim 1,

wherein said foldable member Includes a generally
elb ow-like 'member. ‘

3. The endoprosthesls according to claim 1.
wherein said foldable member includes a living
hinge unitarily connecting a pair of legs.

4-. The endoprosthesls according to claim 1.

wherein said generally circumferential sections
form a substantially cylindrical endoprosthesls.

5. The endoprosthesls according to claim 1,

wherein said generally circumferential sections
form a continuous helix that defines the axially

extending endoprosthesls.
6. The endoprosthesls according to claim 5.

t
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wherein an outside one of said generally circum-

ferentiai sections has a free end having hook

means for engaging an adjacent one of said gen-
erally circumferential sections.

7. The endoprosthesis according to claim 1.

wherein said expandable segment is a generally
foldable elastic spring-like member. and wherein
the unexpanded insertion circumference of the en-

doprosthesls is maintained by an overlying sheath.

8. The endoprosthesls according to claim 1,

wherein said expandable segment is a generally
foldable malleable member, and wherein the ex-

panded lmplantation circumference is achieved by
radially directed forces from an expandable ele-
ment of a catheter.

9. The endoprosthesls according to claim 1.
wherein said generally foldable member is substan-
tially U-shaped. ,

10. The endoprosthesls according to claim 5.
wherein said continuous helix includes a plurality of

said generally foldable members; each of which is
substantially U-shaped. alternating ones of which
are substantially oppositely oriented.

11. The endoprosthesls according to claim 1.

wherein said generally foldable member is substan-
tially V-shaped. —

12. The endoprosthesls according to claim 5,
wherein said continuous helix includes a plurality of -

said generally foldable members, each of which is
substantially V-shaped. altematlng ones of which
are substantially oppositely oriented.

13. The endoprosthesls according to claim 1,
wherein said endoprosthesls is generally tubular.
and respective circumferential edges of respective

generally circumferential sections are generally ad-
iacent to each other.

14. The endoprosthesls according to claim 1,
wherein said expandable segment of the generally
circumferential section had been formed by wind-
ing a strand on a shaped mandrel to form a wound
strand which was subsequently flattened to a gen-

erally unl-planar configuration.
15. A method for making a radially expandable

axially extending endoprosthesls. comprising:
selecting a mandrel having a relatively small cross-
sectional area in order to provide a narrow wrap-

ping surface: '
winding an elongated strand around said narrow

wrapping surface and removing the strand from
said small mandrel so as to form a wound strand

having a plurality of turns therein, said turns being
shaped to generally conform to the shape of said
cross-sectional area:
subjecting said wound strand to flattening forces in

order to form a generally uni-planar undulating
strand length;
providing another mandrel having a cross-sectional
area greater than that of said relatively small man-
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drei: and

generally helicaily wrapping said undulating strand

length around said another mandrel and removing
said another mandrel to thereby provide a radially
expandable axially extending endoprosthesis.

16. The method according to claim 15. further
including hooking a free end of said undulating
strand length onto an adjacent portion of said un-
dulating strand length after said generally hellcally
wrapping step has been initiated.

17. The method according to claim 15. wherein

said providing step includes selecting the another
mandrel to have a generally cylindrical outer sur-
face.

18. The method according to claim 15. wherein

said selecting step includes choosing the relatively

small mandrel so that the wrapping surface is gen-
erally oval in shape. » _

19. The method according to claim 15. wherein

said selecting step includes choosing the relatively
small mandrel so that the wrapping surface is gen-
erally rectangular in shape.

20. The method according to claim 15, wherein

said selecting step includes choosing the relatively

small mandrel so that the wrapping surface is gen-
eraliy lens-shaped in shape.

21. The method according to claim 15. wherein

said selecting step includes choosing the relatively
small mandrel so that the wrapping surface is gen-
eraily circular in shape.

22. A method for transiumlnally explanting an
endoprosthesis implanted within a body. the meth-

od comprising: -

percutaneously inserting an elongated member into

a blood vessel or the like which has a radially
expanded axially extending endoprosthesis im-
planted therewithin;

manipulating a proximal portion of the elongated
member from a location exterior of the body until a
distal end portion of the elongated member snares
a portion of the implanted endoprosthesis;

thereafter sliding the elongated member in a proxi-

mal directlon by moving the_body-exterior proximal
portion of the elongated member in a direction

away from the endoprosthesis.
continuing said sliding step in order to reduce the
radial size of the endoprosthesis to an extent that it

will pass through the blood vessel or the like; and

completely removing the elongated member from
the body by generally reversing the percutaneous
insertion step until the snared portion of the en-

doprosthesis has been explanted and withdrawing

the endoprosthesis of reduced radial size. .
23. The method according to claim 22, wherein

said sliding step includes at least partially uncoiling
the radially expanded endoprosthesis.

24. The method according to claim 22, wherein
said continued sliding step reduces the radial size
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of the endoprosthesis until it is generally less than
the radius of the blood vessel or the like‘.

25. A device for transiumlnally explantlng- an
endoprosthesis implanted within a body. the device
comprising:

an elongated member that is percutaneously inser-
table into a blood vessel or the like which has a

radially expanded axially extending endoprosthesis

implanted therewithin, said elongated member hav-
ing a proximal portion exterior of the body;

snarlng means at a distal end of the elongated
member:

means for manipulatinga proximal portion of the
elongated member from a location exterior of the

body. said manipulating means facilitating engage-
ment of said snarlng means with a portion of the
implanted endoprosthesis;

puller means for sliding the elongated member in a

proximal direction by moving the body-exterior
proximal portion of the elongated member in a
direction away from the endoprosthesis:

said puller means further being for reducing the
radial size oi the endoprosthesis to an extent that it
will pass through the blood vessel or the like; and

means for completely removing the elongated
member from the body until the endoprosthesis of

reduced radial size has been fully explanted.
26. The device according to claim 25, wherein

said puller means is for unooiling the en-
doprosthesis being explanted.

27. The device according _to claim 25, further
including a catheter body within which said elon-
gated member is slidably mounted.

28. The device according to claim 25. wherein
said snaring means includes a hook member.

29. An implantable and explantable en-

doprosthesis system, comprising a radially expand-

able axially extending endoprosthesis and a device
for transiumlnally explanting the endoprosthesis;
said endoprosthesis includes:

a plurality of generally circumferential sections.

said generally circumferential sections being sub-
stantlally adlacent to one another and generally
axially oriented with respect to each other in order

to thereby generally define an endoprosthesis.

at least one of said generally circumferential sec-

tions includes an expandable segment that imparts

radial expandability‘ to said generally circumferen-

tial section whereby said section has an unexpan-
ded Insertion circumlerence and an expanded im-

plantation circumference which is greater than said
unexpanded insertion circumference. and

said expandable segment of the generally circum-
ferential section is a generally foldable member

that is bendable between a generally closed ori-
entation and a

generally opened orientation so as to impart radial
expandability to the generally circumferential sec-
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tion; and

said device for translumlnaiiy explanting the en-
doprosthesls includes:

an elongated member that is percuianeousiy inser-
table into a blood vessel or the like within which

said endoprosthesis has been radially expanded

and implanted. said elongated member having a
proximal portion exterior of the body.

snaring means at a distal end of the elongated
member, '

means for manipulating a proximal portion of the

elongated member from a location exterior of the
body, said manipulating means facilitating engage-

ment of said sharing means with one of said cir-
cumferential sections of the implanted en-

doprosthesis.

puller means for sliding the elongated member in a

proximal direction by moving the body-exterior

proximal portion of the elongated member in a
direction away from the endoprosthesis,

said puller means further being for reducing the
radial size of the encloprosthesis to less than said
expanded implantation circumference and such that

it will pass through the blood vessel or the like. and

means for completely removing the elongated
member from the body until the endoprosthesis of
reduced radial size has been fully expianted.

30. The system according to claim 29, wherein
said generally circumferential sections form a con-

tinuous helix that defines the axially extending en-
doprosthesis. and wherein said puller means is for

at least partially uncoiling said helix.
31. The endoprosthesis according to claim 30.

wherein said continuous helix includes a plurality of

said generally foldable members. alternating ones
of which are substantially oppositely oriented.

32. The system according to claim 29. wherein
said foldable member of the endoprosthesis in-

cludes a generally elbow-like member.
33. The system according to claim 29. wherein

said foldable member of the endoprosthesis in-

ciudes a living hinge unitarily connecting a pair oi
legs.

34. The system according to claim 29. wherein
said expandable segment of the generally circum-
ferential section of the endoprosthesis had been

formed by winding a strand on a shaped mandrei
to form a wound strand. said wound strand having

been subsequently flattened, and said circumferen-

tial section is defined by said flattened wound
shand.
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ppln. No.: 09/977,826 BSI-010US4

Amendment Dated August 6, 2007

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appln. No: 09/977,826

Applicant: George Goicoechea
Filed: October 15, 2001
Title: EN DOLUMINAL STENT

TC/A.U.: 3738
Examiner: Willaim H. Matthews

Confirmation No.: 4645

Docket No.: BSI-010US4

AMENDMENT

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Please amend the above-identified application as follows:

I_—_I Amendments to the Specification begin on page of this paper.

IX Amendments to the Claims are reflected in the listing of claims which begins on page

2 of this paper.

I_—_I Amendments to the Drawings begin on page of this paper and include an
attached replacement sheet(s).

[:1 Amendments to the Abstract are on page of this paper. A clean version of
the Abstract is on page of this paper.

E Remarks/Arguments begin on page 7 of this paper.

Page 1 of 9
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Appln. No.: 09/977,826 BSI-010US4
Amendment Dated August 6, 2007

Amendments to the Claims: This listing of claims will replace all prior versions, and listings,

of claims in the application

Listing of Claims:

1 — 19. (Cancelled)

20. (Previously Presented) A stent as recited in claim 54 comprising at least

one stent segment in combination with one or more additional stent segments.

21. (Cancelled)

22. (Previously Presented) A stent as recited in claim 20 wherein said one or

more additional segments are axially aligned with one another.

23. (Previously Presented) A stent as recited in claim 20 wherein said one or

more additional segments are secured to one another by connecting means connecting at

least some of the apices of hoops at mating ends of said stent and said additional segments.

24. (Previously Presented) A stent as recited in claim 20 wherein adjacent

hoops are of the same diameter.

25. (Previously Presented) A stent as recited in claim 20 wherein adjacent

hoops are of a different diameter.

26. (Withdrawn) A stent as recited in claim 22 wherein said axially aligned

segments are connected to one another by a tubular fabric element.

27. (Previously Presented) A stent as recited in claim 20 wherein a first

additional segment is axially parallel to, but non-common co-axial with, said stent segment.

28. (Previously Presented) A stent as recited in claim 27 further comprising a

second additional segment axially parallel to said stent segment, but non-co-axial with either

said stent segment or said first additional stent segment.

29. (Previously Presented) A stent as recited in claim 28 wherein at least one

of said first and second additional stent segments is of frustoconical shape and is further
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combined with a third an additional stent segment, one end of which includes a mating

frustoconical shape.

30. (Previously Presented) A stent as recited in claim 29, wherein said mating

frustoconical stent segments are adapted to be separately placed in a bifurcated artery and

then, by expansion of one of said frustoconical stent segments, secured to one another.

31. (Previously Presented) An endoluminal stent as claimed in claim 54

wherein said hoops are formed of a single continuous wire.

32. (Previously Presented) An endoluminal stent as claimed in claim 54

wherein said securing means is a suture.

33. (Previously Presented) An endoluminal stent as claimed in claim 32

wherein said suture is a tied loop of thermoplastic material.

34. (Withdrawn) An endoluminal stent as claimed in claim 54 wherein said

securing means is a suture.

35. (Withdrawn) An endoluminal stent as claimed in claim 54 wherein said

securing means is a staple.

36. (Withdrawn) An endoluminal stent as claimed in claim 54 wherein said

securing means is wire twisted into loop.

37. (Withdrawn) An endoluminal stent as claimed in claim 36 wherein said wire

is nitinol.

38. (Withdrawn) An endoluminai stent as claimed in claim 54 wherein said

securing means is bead of thermoplastic material.

39. (Previously Presented) An endoluminal stent as claimed in claim 54

wherein each longitudinal end of the stent is substantially perpendicular square to the

longitudinal axis of the stent.

40. (Withdrawn) An endoluminal stent as claimed in claim 54 wherein said

stent is at least partially covered in fabric.
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41. (Previously Presented) An endoluminal stent as claimed in claim 31

wherein said wire is nitinol.

42. (Cancelled)

43. (Previously Presented) An endoluminal stent as claimed in claim 54 further

comprising a radiopaque marker disposed on at least one end of the stent.

44. (Previously Presented) An endoluminal stent as claimed in claim 43

wherein said radiopaque marker comprises a radiopaque element attached to one end of said

stent.

45. (Previously Presented) An endoluminal stent as claimed in claim 44

wherein said element is a platinum wire.

46. (Previously Presented) An endoluminal stent as claimed in claim 44

wherein said element is a gold wire.

47. (Previously Presented) An endoluminal stent as claimed in claim 43

wherein said radiopaque marker comprises a radiopaque tube disposed around a part of said

stent.

48. (Previously Presented) An endoluminal stent as claimed in claim 47

wherein said tube is platinum.

49. (Previously Presented) An endoluminal stent as claimed in claim 47

wherein said tube is gold.

50-53. (Cancelled)

54. (Currently Amended) A stent comprising:

a plurality of hoops aligned along a common axis, each of said hoops being non-

l'_i__e3.l_i_<_;_a“lma__nj1_<_j___(oriented in a plane substantially perpendicular to the longitudinal axis of the stent,

and each of said hoops including a plurality of elongate elements joined to one another and

forming apices that point in a direction along the longitudinal axis of the stent; and
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means for securing an apex of one hoop to an abutting ajuxtaposed apex of a

neighboring hoop.

55. (Previously Presented) A stent as recited in claim 20 wherein at least one

of said additional stent segments comprises:

a plurality of hoops aligned along a common axis, each of said hoops oriented in

a plane substantially perpendicular to the longitudinal axis of the additional stent segment,

and each of said hoops including a plurality of elongate elements joined to one another and

forming apices that point in a direction along the longitudinal axis of the additional stent

segment; and

means for securing an apex of one hoop to a juxtaposed apex of a neighboring

hoop.

56. (Previously Presented) A stent comprising a tubular member having a

plurality of hoops aligned adjacent one another along the longitudinal axis of said tubular

member, each of said hoops comprising a plurality of elongate elements, with pairs of said

elongate elements meeting one another and forming vertices axially pointing in a direction

along the longitudinal axis of the stent, wherein at least some of said vertices axially abut and

are individually connected to oppositely pointed vertices of elongate elements of an adjacent

hoop, wherein the vertices of each hoop pointed in the axial direction lie in a common plane

perpendicular to the longitudinal axis of the tubular member.

57. (Previously Presented) A stent according to claim 56, wherein at least one

elongate element in each hoop is a continuation of an elongate element of an adjacent hoop.

58. (Withdrawn) A method of reinforcing a body vessel using a tubular sheath

disposed between an entry location in a body and an implantation location, said method

comprising the steps of:

a. providing a stent as recited in claim 56;

b. compressing the stent into its compressed configuration;

c. inserting the compressed stent into the tubular sheath;
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d. delivering the compressed stent through the tubular sheath to the

implantation location; and

e. withdrawing the sheath while holding the stent at the implantation location

within the vessel and expanding the stent within the implantation location as the sheath is

withdrawn by permitting the self-expandable stent, as the constraint of the sheath is removed

to return to said expanded configuration;

whereby the stent is securely disposed in the implanted state against said body

vessel.

59. (Withdrawn) A method according to claim 58, wherein said stent is

comprised of a shape memory material.

60. (Withdrawn) A method according to claim 59, wherein said shape memory

material is nitinol and step (b) is performed at low temperature.

61. (Withdrawn) A method according to claim 58, wherein at least one

elongate element in each hoop is a continuation of an elongate element of an adjacent hoop. -

62. (withdrawn) A prosthesis for placement in a body lumen comprising a

tubular graft supported and adapted to be retained in said lumen by a stent as recited in claim

56.
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Remarks/Arguments: 

BSI-010US4 

The pending claims are 20, 22-25, 27-33, 39, 41, 43-49, 54-57. Claim 54 has been 

amended. No new matter is introduced therein. 

In order to expedite prosecution, claim 54 has been amended to recite, in part: 

a plurality of hoops aligned along a common axis, each of said hoops being non

helical and oriented in a plane substantially perpendicular to the longitudinal 

axis of the stent .... 

* * * * * * * 
means for securing an apex of one hoop to an abutting juxtaposed apex of a 

neighboring hoop. 

Claim 54 has been alternately rejected as anticipated by Cragg (U.S. Patent No. 

5,405,377) and Fontaine (U.S. Patent No. 5,370,683) under 35 U.S.C. § 102(e) and as 

anticipated by Wolff (U.S. Patent No. 5,104,404) and Furui (JP 4-25755) under 35 U.S.C. § 

102(b). 

As indicated above, claim 54 has been amended to recite, in part, "each of said hoops 

being non-helical." In Cragg and in Fontaine, each of the hoops is not non-helical. Claim 54 

has also been amended to recite "means for securing an apex of one hoop to an abutting 

juxtaposed apex of a neighboring hoop." In Wolff and Furui, there are no abutting apices. 

Since claim 54 is not subject to rejection as anticipated by any of Cragg, Fontaine, 

Wolff, and Furui, Applicants respectfully request allowance of claim 54. For at least the same 

reasons, the claims that depend from claim 54 are also not anticipated. 

Claim 56, rejected under § 112, first paragraph, recites, in part: 

the vertices of each hoop pointed in the axial direction lie in a common plane 
perpendicular to the longitudinal axis of the tubular member. 

Para. 6, p. 3 of the present Office Action states 

Claims 56-57 recite "the vertices of each hoop pointed in the axial direction lie 
in a common plane perpendicular to the longitudinal axis of the tubular 
member" which is not disclosed in the specification. The specification only 
provides support for the phrase "substantially perpendicular." (emphasis in 
original) 

Para. 2, p. 2 of the present Office Action also states that the specification 

does not provide support for the limitation "the vertices of each hoop pointed in 
the axial direction lie in a common plane perpendicular to the longitudinal axis 
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of the tubular member.” The specification only provides support for

“substantially perpendicular.” (emphasis in original)

In connection with this rejection of claim 56, it is respectfully submitted that

Applicants’ specification clearly supports an embodiment in which e_ac_h hoop is perpendicular.

For example, page 68, lines 7-8 (Abstract) refers to “an endoluminal stent having

perpendicular hoop members.” (emphasis added) Also, page 44, lines 19-23 describes axially

aligned stent segments

each of the requests [sic] comprising one or more adjacent hoops, perpendicular

to a common axis. . . . (emphasis added)

The specification therefore also has support for “perpendicular" without the term

“substantially.”

As indicated above, page 68, lines 7-8 refers to an embodiment of “an endoluminal

stent having perpendicular hoop members.” This phrase refers to “hoop members,” rather

than a single hoop member. Also, page 44, lines 19-23 describes an embodiment in which

“each” of the stent segments comprises one or more adjacent hoops that are perpendicular to

a common axis. Finally, figures of the application illustrate at least one embodiment in which

all hoops are oriented in this manner. The application therefore has support for an

embodiment in which “each” hoop has vertices that lie in a common plane perpendicular to

the longitudinal axis.

In view of the foregoing, it is respectfully submitted that the rejection of claim 56

should be withdrawn and that claim 56 should be allowed. For at least these reasons, the

claims that are dependent on claim 56 are also not anticipated.

Conclusion

It is respectfully submitted, in view of the amendments and remarks herein, that the

claims are allowable over the references cited in the Office Action. Favorable reconsideration

is respectfully requested.

Respectfully submitted,

   
Jo ua L. Cohen, Reg. No. 38,040

Stanley Weinberg, Reg. No. 25,276

Attorneys for Applicants
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E P.O. Box 980
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(610) 407-0700
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(302) 778-2500
____j

The Director is hereby authorized to charge

or credit Deposit Account No. 18-0350 for
any additionai fees, or any underpayment or
credit for overpayment in connection
herewith.

I hereby certify that this correspondence is being

BSI-OIOUS4

deposited with the United States Postal Service as first
class mail, with sufficient postage, in an enveiope
addressed to: Commissioner for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450 on:
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DETAILED ACTION

Response to Arguments

1. Applicant's arguments filed 8-8-O7 have been fully considered but they are not

persuasive.

2. Regarding the rejection under 35 USC 112 of claims 56 and 57, Applicant

contends support is provided at p68 lines 7-8, p 44 lines 19-23, and “figures of the

application”. Applicant did not specify which “figures”, and Examiner is unaware of a

figure providing support for claims 56 and 57. Examiner disagrees with Applicant's

position because the specification only provides support for each hoop being

“substantially perpendicular” in combination with hoops having vertices connected to

vertices of an adjacent hoop. This is described in connection with figures 1-4 at page

23 lines 20-23, in the current abstract, as amended on 3-1-02, and in claim 18 as

originally filed. Page 44, lines 19-23 describes figures 22-23 and only state that "one or

more hoops” are perpendicular rather than each or all hoops.

Claim Rejections - 35 USC § 112

3. The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of
maMngandu$ngnJnsuchfmLcbanconcse,andexamtennsastoenameanypemonskmedinthe
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention.

4. Claims 20,22-25,27—33,39,41,43-49,54—57 are rejected under 35 U.S.C. 112, first

paragraph, as failing to comply with the written description requirement. The c|aim(s)

contains subject matter which was not described in the specification in such a way as to
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reasonably convey to one skilled in the relevant art that the inventor(s), at the time the

application was filed, had possession of the claimed invention.

5. Claims 20,22—25,27—33,39,41,43-49,54-57 are rejected because independent

claims 54 and 56 each recite vertices that abut which is not disclosed in the

specification. The specification only disclose juxtaposed vertices. Juxtapose is defined

by Merriam Webster’s Collegiate Dictionary, 10"‘ Ed. as: to place side by side and

synonymous with “adjacent”. Adjacent is described as: may or may not imply contact ,

but always implies absence of anything of the same kind in between.

6. Claims 20,22-25,27-33,39,41,43-49,54-55 are rejected because independent

claim 54 recites “non-helical” in combination with each hoop being substantially

perpendicular and having connected apices. The specification only disclose

embodiments wherein each hoop is substantially perpendicular and has connected

apices and has a helical “offset” feature.

7. Claims 56-57 recite “the vertices of e_a§h hoop pointed in the axial direction lie in

a common plane perpendicular to the longitudinal axis of the tubular member” in

combination with axially abutting vertices of adjacent hoops, which is not disclosed in

the specification. The specification do provide support for the phrase “substantially

perpendicular” for the combination, and “perpendicular” for the straight stents of figures

22-23 but only for “one or more” rather than each or all hoops. This is also supported

by original claim 18, the description of figures 1-4, and the amended abstract of 3-1-02.

8. With further regard to claim 56, Applicant’s arguments regarding the subject

matter of page 68 (abstract) are moot because that abstract was replaced on 3-1-02.
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Furthermore, it is noted that in the parent application (08/312,881), the abstract did not

contain the limitations Applicant relies on in the arguments (remarks, page 8). Because

the specification fail to support the combination (perpendicular and connected abutting

apices), the abstract as originally filed on page 68 of the current application appear to

contain new matter as compared to the parent application, 08/312,881.

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to William H. Matthews (Howie) whose telephone number

is 571-272-4753. The examiner can normally be reached on Monday-Friday 10-

6:30PM. 7

if attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Corrine M. McDermott can be reached on 571-272-4754. The fax phone

number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAiR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/William H. Matthewsl

Primary Examiner
Art Unit 3738
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BSI-010US4 PATENT 
Appln. No: 09/977,826

Applicant: George Goicoecha et al.
Filed: October 15, 2001
Title: Endoluminal Stent

TC/A.U.: 3738
Examiner: William H. Matthews

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Pursuant to 37 C.F.R. §§ 1.97 and 1.98 and to the duty of disclosure set forth in

37 C.F.R. § 1.56, the Examiner in charge of the above-identified application is requested to

consider and make of record the document listed on the PTO/SB/08b form submitted herewith.

A copy of the document listed on the PTO/SB/08b form, is enclosed.

Although the information submitted herewith may be "material" to the Examiner’s

consideration of the subject application, this submission is not intended to constitute an

admission that such information is "prior art" as to the claimed invention.

With respect to Applicants’ claim of priority, Applicants would like to direct the

Examiner's attention to the following court decision:

- Decision of the United States Court of Appeals for the Federal Circuit in

Boston Scientific Scimed, Inc. v. Medtronic Vascular, Inc., No. 2006-1434,

dated August 8, 2007 (affirming the Memorandum Opinion and Final

Judgment of the United States District Court for the District of Columbia in

Scimed Life Systems, Inc. v. Medtronic Vascular, Inc. and Eric C. Martin,

Civil Case No. 01-2015 (RJL) dated March 31, 2006).

A copy of the decision is attached. The decision was an appeal from a decision (previously

submitted) of the USPTO Board of Patent Appeals and Interferences (“Board") dated July 27,

2001 in Interference No. 104,192, which involved an application of Andrew H. Cragg and

Michael D. Dake that is familialy related to the present application.

_ 1 _
100.00 UP
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In accordance with 37 C.F.R. § 1.97(g), the filing of this Information Disclosure

Statement shall not be construed to mean that a search has been made.

STATEMENT UNDER 37 C.F.R. 1.97 e

The undersigned hereby states that no item of information contained in the

Information Disclosure Statement was cited in a communication from a foreign patent office in

a counterpart foreign application, and, to the knowledge of the person signing this statement

after making reasonable inquiry, no item of information contained in the Information Disclosure

Statement was known to any individual designated in 37 C.F.R. 1.56(e) more than three

months prior to the filing of the Information Statement.

The required fee set forth in 37 C.F.R. § 1.17(p) is provided herewith.

Respectfully submitted,

  
J hua L. Cohen, Reg. No. 38,040

Stanley Weinberg, Reg. No. 25,276

Attorneys for Applicants

JLC/SW/dhm

Enclosures: PTO/SB/08b
Federal Circuit Decision

Fee Transmittal

Transmittal Form

Credit Card Payment Form

Dated: August 23, 2007

E P.O. Box 930

Valley Forge, PA 19482

610) 407-0700
P.O. Box 1596

Wilmington, DE 19899

............._(§_Q._2._)_...ZZ§.:.2§9_.Q............_____-.
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The Director is hereby authorized to charge ! hereby certify that this correspondence is being deposited
or credit Deposit Account No. 18-0350 for any with the United States Postal Service as first class mail,
additional fees, or any underpayment or Credit with sufficient postage, in an envelope addressed to:
1'0? OVGFPBYWGHW1 000090150" herewith-. Commissioner for Patents, PO. Box 1450, Alexandria, VA

22313-1450 on:

A t 23 2007

01c...
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STATEMENT BY APPLICANT
(Use as many sheets as necessary)

 

 
  

SHEET 1 of 1
 

NON-PATE NT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), pubiisher, city and/or

country where published

-IN

Decision from United States Court of Appeal for the Federal Circuit for Boston Scientific Scimed, Inc.
v. Medtronic Vascular, Inc. and Eric C. Martin dated August 8, 2007

l:ll:ll:ll:lljl:ll:ll:ll:ll:ll:l
Sinature Considered_—
'EXAMiNER: initial if reference considered, whether or not citation is in conformance with MPEP 609, Draw line through citation if not in conformance and not
considered. include copy of this form with next communication to Applicant.

‘Applicant's unique citation designation number (optional).
2Applicant is to place a check mark here it English language translation is attached.

The collection of information is required by 37 CFR 1.98. The information is required to obtain or retain a benefit by the public which is to tile (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 120 minutes to
complete. including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon theindividual case. Any
comments on the amount of time you require to complete this form andior suggestions for reducing this burden. should be sent to the Chief Information Officer.
US. Patent and Trademark Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1‘-800-PTO-9199 and select option 2.
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Appln. No.: 09/977,826 BSI-010US4

Amendment Dated December 26, 2007

Reply to Office Action of August 22, 2007

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appln. No: 09/977,826

Applicant: George Coicoechea et al.

Filed: October 15, 2001
Title: EN DOLU MINAL STENT

TC/A.U.: 3738
Examiner: William Matthews

Confirmation No.: 4645

Docket No.: BSI-010US4

REQUEST FOR RECONSIDERATION

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Responsive to the Office Action dated August 22, 2007, please amend the above-
identified application as follows:

|:] Amendments to the Specification begin on page of this paper.

|:] Amendments to the Claims are reflected in the listing of claims which begins on page
of this paper.

|:] Amendments to the Drawings begin on page of this paper and include an
attached replacement sheet(s).

|:] Amendments to the Abstract are on page of this paper. A clean version of
the Abstract is on page of this paper.

K4 Remarks/Arguments begin on page 2 of this paper.

Page 1 of 9
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Appln. No.: 09/977,826 BSI-010US4

Amendment Dated December 26, 2007

Reply to Office Action of August 22, 2007

Remarks[Arguments:

The pending claims are 20, 22-41, 43-49, 54-62. Claims 26, 34-38, 40, 58-62 have

been withdrawn.

THE RESPONSE TO ARGUMENTS IN PARAGRAPH 2 OF THE OFFICE ACTION

Each of the points raised in paragraph 2 of the Office Action is addressed in this

response.

THE GENERAL REJECTION IN PARAGRAPH 4 OF THE OFFICE ACTION

Paragraph 4 of the Office Action has rejected claims 20, 22-25, 27-33, 39, 41, 43-49

and 54-57 under 35 U.S.C. §112, first paragraph, for allegedly failing to comply with the

written description requirement. Paragraph 4 of the Office Action generally contends that the

claims contain subject matter which was not described in the specification in such a way as to

reasonably convey to one skilled in the relevant art that the inventors, at the time the

application was filed, had possession of the claimed invention.

Paragraphs 5-8 of the Office Action provide more specific reasons for the rejections.

The rejections are traversed.

EXAMINATION REQUIREMENTS TO SUPPORT A

REJECTION UNDER 35 U.S.C. § 112, FIRST PARAGRAPH

“An applicant shows possession of the claimed invention by describing the claimed

invention with all of its limitations using such descriptive means as words, structures, figures,

diagrams, and formulas that fully set forth the claimed invention.” MPEP § 2163, Rev. 5, Aug.

2006, p. 2100-166. “The subject matter of the claim need not be described literally (i.e.,

using the same terms or in haec verba) in order for the disclosure to satisfy the description

requirement.” MPEP §2163.02. In addition to not requiring in haec verba claims, the MPEP

states that newly added claim limitations may be supported in the specification through

express, implicit, or inherent disclosure. MPEP § 2163, p. 2100-168. “The fundamental

factual inquiry is whether the specification conveys with reasonable clarity to those skilled in

the art that, as of the filing date sought, applicant was in possession of the invention as now

claimed.” MPEP § 2163, p. 2100-169.

“The examiner has the initial burden, after a thorough reading and evaluation of the

content of the application, of presenting evidence or reasons why a person skilled in the art

would not recognize that the written description of the invention provides support for the

claims.” MPEP § 2163 II.A., p. 2100-169. Accord, MPEP § 2163 II.A.3(b), p. 2100-177. “Prior

to determining whether the disclosure satisfies the written description requirement for the

Page 2 of 9
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Appln. No.: 09/977,826 BSI-010US4

Amendment Dated December 26, 2007

Reply to Office Action of August 22, 2007

claimed subject matter, the examiner should review the claims and the entire specification,

including the specific embodiments, figures, and sequence listings, to understand how

applicant providessupport for the various features of the claimed invention.” MPEP 2163

II.A.2, p. 2100-171 (citation omitted) (emphasis added).

“In rejecting a claim, the examiner must set forth express findings of fact regarding the

above analysis which support the lack of written description conclusion. These findings

should: (A) Identify the claim limitation at issue; and

(B) Establish a prima facie case by providing reasons why a person skilled in

the art at the time the application was filed would not have recognized that the inventor was

in possession of the invention claimed in view of the disclosure of the application as filed.’’

MPEP §2163 III.A., p. 2100-178; § 2163.04 I.

THE REJECTION IN PARAGRAPH 5 OF THE OFFICE ACTION

Paragraph 5 of the Office Action has rejected claims 20, 22-25, 27-33, 39, 41, 43-49,

and 54-57 because independent claims 54 and 56 each recites vertices that abut and, in the

PTO’s view, abutting apices are not disclosed in the specification. Instead, the PTO contends

that the specification only discloses juxtaposed vertices. Applicants disagree.

Claim 54 recites, in part, “means for securing an apex of one hoop to an abutting

juxtaposed apex of a neighboring hoop.” Claim 56 recites, in part, “at least some of said

vertices axially abut.” Even though Applicants’ specification does not expressly use the term

“abut,” a person skilled in the art would recognize that the specification (including the figures)

expressly, implicitly, and inherently supports these claim limitations. The PTO has not

established a prima facie case, with reasons, explaining why a person skilled in the art would

not have recognized that Applicants’ disclosure shows they were in possession of the claimed

invention.

The specification states, in part

Typically, the stents of this invention whether of the helical or perpendicular

variety, also comprise a securing means for securing an apex of the sinuous

wire in one hoop to a juxtaposed apex of a neighboring hoop so that each hoop

is supported by its neighbors. The securing means may comprise a loop

element of a suture material, for example, to tie the juxtaposed apices together.

. . . (page 10, lines 16-23)

Page 3 of 9
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Appln. No.: 09/977,826 BSI-010US4

Amendment Dated December 26, 2007

Reply to Office Action of August 22, 2007

This passage states that an apex of one hoop is secured to a juxtaposed apex of a

neighboring hoop “so that each hoop is supported by its neighbors.” It also states that “a

suture material. . .tie[s] juxtaposed apices together.” One skilled in the art would recognize

that the specification at least implicitly and inherently describes an embodiment including

abutting apices, thereby supporting the claim language at least implicitly and inherently. The

PTO has not provided any evidence or reasons demonstrating that a person skilled in the art

at the time the application was filed would not have recognized that the inventors were in

possession of the claimed invention in view of the above passages in the disclosure.

One skilled in the art would also recognize that the above passages describe the stent

embodiment selected for illustration in Figs. 1A, 1B, 2A, 4A, and 4B-4F. (page 19, lines 11-

12, 20-21). These figures clearly show an embodiment in which juxtaposed apices of

neighboring hoops abut. The PTO has not explained why a person skilled in the art would not

recognize that the figures show abutting apices.

As stated above, the subject matter of a claim need not be described in haec verba.

Consideration of the specification and the figures, undertaken from the standpoint of one of

skill in the art, “conveys with reasonable clarity’’ that Applicants were in possession of the

claimed invention. MPEP § 2163, p. 2100-169.

In contrast, the PTO has not presented evidence or reasons why a person skilled in the

art would not recognize that the written description of the invention, including the figures and

passages specifically identified above, supports the claims. Instead, paragraph 5 of the Office

Action states only: “[t]he specification only disclose juxtaposed vertices.” This single

statement fails to evidence that a person skilled in the art would not recognize that the

Applicants had possession of the claimed invention. It fails to recognize the embodiments

described by the specification and the figures.

For all of the above reasons, Applicants request the PTO to withdraw the rejections of

claims 54 and 56 stated in paragraph 5 of the Office Action.

THE REJECTION IN PARAGRAPH 6 OF THE OFFICE ACTION

Paragraph 6 of the Office Action has rejected claims 20, 22-25, 27-33, 39, 41, 43-49

and 54-55. Claim 54 recites, in part,

a plurality of hoops aligned along a common axis, each of said hoops being non-

helical and oriented in a plane substantially perpendicular to the longitudinal

axis of the stent. ’

Page 4 of 9
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Amendment Dated December 26, 2007

Reply to Office Action of August 22, 2007

The PTO has made the rejection “because independent claim 54 recites ’non-helical’ in

combination with each hoop being substantially perpendicular and having connected apices.”

In the PTO’s view, “[t]he specification only disclose embodiments wherein each hoop is

substantially perpendicular and has connected apices and has a helical ‘offset’ feature.”

Applicants disagree.

Applicants’ specification expressly describes two alternative categories of embodiments

of hoops, helical and substantially perpendicular. The specification states:

In some embodiments the wire may have a helical configuration as disclosed in

EP-A-0556850. Alternatively, the wire may be of an entirely novel

configuration, namely one in which the wire forms a plurality of hoops such that

the plane of the circumference of each hoop is substantially perpendicular to the

longitudinal axis of the stent. (page 9, lines 13-19)

One of ordinary skill in the art would recognize that the specification conveys with reasonable

clarity a plurality of embodiments and features. One described embodiment is a helical

configuration. One of ordinary skill in the art would recognize that the alternative to the

helical embodiment described in the specification is not helical because the specification

describes an alternative to ai embodiment. That is, one of ordinary skill in the art would

recognize that at least one alternatively described embodiment is non—he|ica|.

This portion of the specification also makes clear that embodiments of Applicants’

invention may be helical or perpendicular: “[t]ypica|ly, the stents of this invention [are] of

the helical or perpendicular variety.” (page 10, lines 16-17). The phrase “helical or

perpendicular variety” confirms that the “perpendicular variety” embodiment is an explicitly

disclosed example of a non-helical alternative to the @ca_| variety.

As indicated above, paragraph 6 of the Office Action contends that the application does

not disclose “’non-helical’ in combination with each hoop being substantially perpendicular and

having connected apices.” To the contrary, the specification does disclose such an

embodiment (although not in haec verba) by stating:

Typically, the stents of this invention . . . of the . . . perpendicular variety, also

comprise a securing means for securing an apex of the sinuous wire in one hoop

to a juxtaposed apex of a neighboring hoop so that each hoop is supported by

its neighbors. (page 10, lines 16-20)

One of ordinary skill in the art would recognize that this paragraph also provides support for

the claimed combination.

Page 5 of 9
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Amendment Dated December 26, 2007

Reply to Office Action of August 22, 2007

For all of the above reasons, Applicants’ disclosure demonstrates that they had

possession of this aspect of the claimed invention and Applicants therefore request the PTO to

withdraw the rejection stated in paragraph 6 of the Office Action.

THE REJECTION IN PARAGRAPH 7 OF THE OFFICE ACTION

Claim 56 recites, in part

vertices of each hoop pointed in the axial direction lie in a common plane

perpendicular to the longitudinal axis of the tubular member.

Paragraph 7 of the Office Action has rejected claims 56 and 57 because, in the view of

the PTO, the specification does not provide support for the recitation that vertices of “each

hoop” lie in a common plane perpendicular to the longitudinal axis of the tubular member. In

the view of the PTO, the specification only supports a recitation that apices of “one or more”

hoops lie in such a plane. The Office Action also contends that only a recitation of

“substantially perpendicular” is supported by the description of Figs. 1-4. Applicants disagree.

The specification contains broad language generally describing selected embodiments

of its disclosed stents as being of a “perpendicular variety.” (page 10, line 17) The

specification also discloses that its stents of the “perpendicular variety” “comprise a securing

means for securing an apex of the sinuous wire in one hoop to a juxtaposed apex of a

neighboring hoop so that each hoop is supported by its neighbors.” (page 10, lines 16-19).

One exemplary embodiment may have hoops that are “substantially perpendicular to the

longitudinal axis” (page 23, lines 21-22, discussing Fig. 2A). Other exemplary embodiments

of the perpendicular variety are straight stents (page 44, lines 19-20) having hoops that are

“perpendicular to a common axis.” (page 44, lines 22-23, discussing Figs. 22 and 23).

Figs. 1A and 2A, among other figures, illustrate an embodiment of a stent 10 (page 22,

lines 17-18) having hoops 20. (page 23, line 11-page 24, line 13). These figures illustrate a

stent embodiment that is an embodiment of the “perpendicular variety” having “juxtaposed

apices 22 of neighboring hoops 20 are secured together. . .Each apex 22 of each hoop 20

which has a juxtaposed apex of a neighboring hoop 20 is tied to the juxtaposed apex 22.”

(page 25, lines 4-9). See also, page 23, ines 20-23 (“Each hoop 20 is wound onto mandrel 46

such that the plane of the circumference of each hoop 20 is substantially perpendicular to the

longitudinal axis of the mandrel 46.”)

Fig. 22 illustrates another embodiment of a stent using the stent configurations

described in Figs. 1A and 2A. Fig. 22 illustrates, for example, a stent embodiment having a
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proximal portion 401 “formed of a number of longitudinally spaced hoops 20 as described in

connection with the formation of stent 10 above.” (page 45, lines 5-7). The stent

embodiment illustrated in Fig. 22 also has a distal portion 402 having additional similar hoops

20. (page 45, lines 10-12). This embodiment is also a stent of the “perpendicular variety.”

(page 44, lines 21-23) (“each of the requests comprising one or more adjacent hoops,

perpendicular to a common axis”).

Since the stent embodiment shown in Figs. 1A, 2A and stent embodiments shown in

Figs. 22, 23 are both of the “perpendicular variety,” and since both stents may be formed in

the same way, one skilled in the art would understand that either of the stents could be

formed of substantially perpendicular hoops or could be formed of perpendicular hoops.

In addition, Fig. 1A, illustrating stent embodiment 10, clearly shows “vertices of each

hoop pointed in the axial direction lie in a common plane perpendicular to the longitudinal axis

of the tubular member.” As indicated by the MPEP, the PTO must consider Applicants’ figures

when construing their full disclosure. -The specification cannot be considered in a vacuum,

without giving full weight to the clear teachings of the figures.

For the above reasons, Applicants’ disclosure supports the phrase “the vertices of each

hoop pointed in the axial direction lie in a common plane perpendicular to the longitudinal axis

of the tubular member.” Applicants therefore request the PTO to withdraw the rejection

stated in paragraph 7 of the Office Action.

THE COMMENTS REGARDING THE ORIGINALLY FILED

ABSTRACT IN PARAGRAPH 8 OF THE OFFICE ACTION

In their Amendment filed on August 6, 2007, Applicants inadvertently relied

upon the Abstract as originally filed. The Office Action has correctly pointed out that

Applicants substituted a new Abstract for the originally filed Abstract in a Preliminary

Amendment filed on March 1, 2002. Even though the original Abstract has been canceled,

paragraph 8 of the Office Action states that the originally filed Abstract “appear[s] to contain

new matter as compared to the parent application, 08/312,881” because, it contends, the

specification “fai|[s] to support the combination (perpendicular and connected abutting

apices).” Applicants disagree. As explained above, these features are shown in Applicants’

disclosure, which includes the specification and figures specifically cited above.

New matter is “[m]atter not in the original specification, claims, or drawings.” MPEP

§608.04(a). The existence of new matter is not determined by comparing only isolated parts

of the disclosure. Accordingly, a determination of whether a new Abstract contains new

Page 7 of 9
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matter cannot be made only by comparing the new Abstract with the original Abstract.

Instead, a new Abstract must be compared with the entire original disclosure comprising the

specification, figures, and claims. The Office Action’s determination of purported new matter

is based solely upon a comparison of the originally filed Abstract with the Abstract filed in

priority Application No. 312,881. Such a comparison is insufficient for purposes of

determining the existence of new matter.

MPEP § 608.04 states that “[w]hen new matter is introduced into the specification, the

amendment should be objected to under 35 U.S.C. 132 . . . and a requirement made to cancel

the new matter.” See also, MPEP § 2163.06 1., p. 2100-184. The Office Action did not object

to the originally filed Abstract under § 132 and did not require Applicants to cancel it.

Accordingly, no response to paragraph 8 is required. Nevertheless, Applicants

respectfully request the PTO to withdraw its incorrect suggestion that the originally filed

Abstract contained new matter.

Page 8 of 9
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CONCLUSION

Applicants thank the Examiner for indicating inferentially that none of the pending

claims are rejected over any prior art.

Since all of the pending claims have support in the specification, all of the pending

claims are now in condition for allowance and Applicants request an early indication of

  

allowance.

Respectfully submitted,

(um L. (M4.
a L. Cohen, Reg. No. 38,040

Stanley Weinberg, Reg. No. 25,276

Attorneys for Applicants

JLC/SW/dhm

Dated: December 26, 2007

XI P.O. Box 980
Valley Forge, PA 19482
(610) 407-0700

 

El P.O. Box 1596
l Wilmington, DE 19899

(302) 778-2500
i

The Director is hereby authorized to charge or credit Deposit Account No. 18-0350 for any additional fees, or any
underpayment or credit for overpayment in connection herewith.

Page 9 of 9
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Application No. App|icant(s)

O9/977,826 GOICOECHEA ET AL.

Office Action Summary Examine, Art Unit

William H. Matthews (Howie) 3774 ‘
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE Q MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IXI Responsive to communication(s) filed on 26 December 2007.

2a)IX| This action is FINAL. 2b)I:I This action is non-final.

3)I:I Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)IXI C|aim(s) 20 22-41 43-49 and 54-62 is/are pending in the application.

4a) Of the above c|aim(s) 26,34-38,40 and 58-62 is/are withdrawn from consideration.

5)I:I C|aim(s)j is/are allowed.

6)IXI C|aim(s) 20 22-25 27-33 39 41 43-49 and 54-57 is/are rejected.

7)I:I C|aim(s)j is/are objected to.

8)I:I C|aim(s)jare subject to restriction and/or election requirement.

Application Papers

9)I:I The specification is objected to by the Examiner.

10)I:I The drawing(s) filed on is/are: a)I:I accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)I:I The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)I:I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)I:I All b)I:I Some * c)I:I None of:

Certified copies of the priority documents have been received.

Certified copies of the priority documents have been received in Application No.

Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attach ment(s)

1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper N0(S)/M3” DataE
3)E§ImmmmbnDBdomneSmmmem®)PTOSBm8) 5)E]N0mB0“nmmV“PNemAPNmNbn

Paper No(s)/Mail Date 8-27-07. 6) D Other: .
U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20080316
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DETAILED ACTION

Response to Arguments

1. Applicant's arguments filed 12-26-07 have been fully considered but they are not

persuasive.

2. Regarding the rejection under 35 USC 112 of claims 56 and 57, Examiner

responds to each of Applicant’s arguments below:

Regarding the phrase “abutting apices”, Applicant suggests the passage at

page 10, lines 16-23 would lead one of ordinary skill in the art to recognize

the specification expressly, implicitly, and inherently supports “abutting

apices”. Examiner disagrees because the use of “a suture loop” to tie

adjacent orjuxtaposed apices does not expressly, implicitly, or inherently

require contact between the apices. In fact, the teachings at page 10, lines

16-23 raise the question of how tightly or loosely the suture is tied. These

teachings are not equivalent to a connection created by adhesive or welding.

Regarding the “non-helica|” limitation in combination with each hoop being

substantially perpendicular, Applicant points to page 9, lines 13-19 which

references a helical configuration in EP-A-0556850, and a different novel

configuration having substantially perpendicular hoops. Applicant suggests

this passage describes a “helical” and “non-helical” configuration because the

“novel” configuration is described as an alternative to the helical configuration.

Examiner disagrees with this analysis because Figure 4A shows the “novel

configuration” having substantially perpendicular hoops and a helical aspect
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(i.e the longitudinal displacements described at page 23 lines 24-27) . The

mere description of an alternative embodiment to a purely helical

configuration does not require the alternative embodiment to be “non-helical”

(which may be interpreted as lacking any helical features).

0 Regarding claim 56 and the "perpendicular" limitation, Applicant suggests it

would be obvious to interchange features of the Figure 1a/2a embodiment

and Figure 22/23 embodiments (Remarks page 7, lines 7-10). Examiner

disagrees with this analysis because the originally filed specification did not

interrelate the embodiments in such a way that Applicant is entitled to

combine various features from different embodiments. Furthermore,

Examiner notes the “substantially perpendicular” embodiment of figures 1-4a

is appropriate because of the longitudinal displacements described at page

23 lines 24-27. This feature is not present in the embodiment of figures 22-23

which is described as perpendicular.

o Regarding the originally filed abstract, Applicant notes an objection to the

specification was not made under 35 USC 132. Examiner notes that the first

action on the merits occurred E the abstract was replaced on 3-1-02 (and

correspondingly deleted the issues Examiner noted in the previous office

action at paragraph 8). Examiner maintains that future inclusion of the

limitation at lines 8-13 with regard to “a bifurcated stent” in combination with

“perpendicular hoop members” would raise the issue of new matter. The

specification describe a substantially perpendicular embodiment (i.e figures 1-

1283



1284

Application/Control Number: 09/977,826 Page 4

Art Unit: 3774

4a which include the longitudinal displacement feature and are incapable of

being considered perpendicular), and a perpendicular embodiment (figures

22-23).

Claim Rejections - 35 USC § 112

3. The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of
mamngandusmgitinsuchfmLcmanconcbe,andexadtennsastoenameanypemonskmedhwme
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention.

4. Claims 20,22—25,27—33,39,41,43—49,54—57 are rejected under 35 U.S.C. 112, first

paragraph, as failing to comply with the written description requirement. The claim(s)

contains subject matter which was not described in the specification in such a way as to

reasonably convey to one skilled in the relevant art that the inventor(s), at the time the

application was filed, had possession of the claimed invention.

5. Claims 20,22—25,27—33,39,41,43—49,54—57 are rejected because independent

claims 54 and 56 recite vertices that abut which is not disclosed in the specification.

The specification only discloses juxtaposed vertices. Juxtapose is defined by Merriam

Webster’s Collegiate Dictionary, 10”‘ Ed. as: to place side by side and synonymous with

“adjacent”. Adjacent is described as: may or may not imply contact but always implies

absence of anything of the same kind in between. Furthermore, the attachment

mechanisms at page 10 lines 16-23 do not imply the apices must abut (as a weld or

adhesive means would imply).

1284



1285

Application/Control Number: 09/977,826 Page 5

Art Unit: 3774

6. Claims 20,22—25,27—33,39,41,43—49,54—55 are rejected because independent

claim 54 recites “non-helical” in combination with each hoop being substantially

perpendicular and having connected apices. The specification only disclose

embodiments wherein each hoop is substantially perpendicular and has connected

apices and has a helical “offset” feature.

7. Claims 56-57 recite “the vertices ofih hoop pointed in the axial direction lie in

a common plane perpendicular to the longitudinal axis of the tubular member” in

combination with axially abutting vertices of adjacent hoops, which is not disclosed in

the specification. The specification do provide support for the phrase “substantially

perpendicular” for the combination, and “perpendicular” for the straight stents of figures

22-23, but the “perpendicular” embodiment is only for “one or more” rather than Q or

a_H hoops. This is also supported by original claim 18, the description of figures 1-4, and

the amended abstract of 3-1-02.

Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any
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extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to William H. Matthews (Howie) whose telephone number

is 571-272-4753. The examiner can normally be reached on Monday—Friday 10-

6:30PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Corrine M. McDermott can be reached on 571-272-4754. The fax phone

number for the organization where this application or proceeding is assigned is 571-

273-8300.

lnformation regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/William H. Matthewsl

Primary Examiner
Art Unit 3774
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Title: ENDOLUMINAL STENT

TC/A.U.: 3774
Examiner: William Matthews

Confirmation No.: 4645
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APPEAL BRIEF UNDER 37 C.F.R. § 41.37

Mail Stop Appeal Brief—Patents
Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

SIR:

Appellants hereby request consideration and reversal of the Final

Rejection dated March 24, 2008 of claims 20, 22-25, 27-33, 39, 41, 43-49 and 54-

57.

This Brief is presented in the format required by 37 C.F.R. § 41.37, in

order to facilitate review by the Board. In compliance with 37 C.F.R. § 41.37(a)(1),

this Brief is being filed within the time allowed for response to the action from which

the Appeal was taken, within two months from the date of the Notice of Appeal, or

within an extension of that time period.

The fees for filing a Brief in support of an Appeal under 37 C.F.R.

§ 41.20(b)(2), together with any extension fee required in connection with the filing

of this Brief, are provided herewith.

A__]-l:\NRPORTBL\RP\AEPINTO\280388‘2.DOC
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I. REAL PARTY IN INTEREST

The real Party In Interest in this matter is Boston Scientific Scimed, Inc. by

virtue of Articles of Merger of Boston Scientific Scimed, Inc. wth and ito Scimed Life

Systems, Inc. dated December 22, 2004.

II. RELATED APPEALS AND INTERFERENCES

There are no related appeals or interferences related to the subject

matter of this Appeal, except as follows:

Interference No. 104,083. A copy of the Judgment of the Board of

Patent Appeals and Interferences in this Interference is provided in the Related

Proceedings Appendix (Section X) at Tab 1. This Interference involved related

Application Serial No. 08/461,402 of Andrew H. Cragg et al., filed June 5, 1995, titled

BIFURCATED ENDOLUMINAL PROSTHESIS.

Interference No. 104,192. A copy of the Final Decision and Judgment

of the Board of Patent Appeals and Interferences in this Interference is provided in

the Related Proceedings Appendix (Section X) at Tab 2. This Interference also

involved related Application Serial No. 08/461,402.

Scimed Life Systems, Inc. v. Medtronic Vascular, Inc., et al., U.S.

District Court for the District of Columbia, Civil Case No. 01-2015 (RJL). This was an

appeal from the Board's decision in Interference No. 104,192. The following

interlocutory orders, and/or decisions, memorandum opinion, and final judgment

were entered in that appeal, with copies included in the Related Proceedings

Appendix (Section X) at the indicated Tabs:

Qfl'_E ORDER OR OPINION E

11/15/01 Order 3

12/21/01 Order 4

5/2/02 Order 5
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8/30/03 Memorandum Opinion and Order 6

3/25/04 Stipulation and Order 7

9/12/04 Protective Order 8

12/14/04 Joint Stipulated Request To 9
Extend Discovery

3/31/06 Memorandum Opinion 10

3/31/06 Final Judgment 11

Boston Scientific Scimed, Inc. (formerly known as Scimed Life

Systems, Inc.) v. Medtronic Vascular, Inc. (also known as Medtronic AVE, Inc.),

United States Court of Appeals for the Federal Circuit, No. 2006-1434. This was an

appeal from the decision of the U.S. District Court for the District of Columbia. A

copy of the decision of the Federal Circuit is provided in the Related Proceedings

Appendix (Section X) at Tab 12.

III. STATUS OF CLAIMS

Claims 20, 22-41, 43-49 and 54-62 are pending. Claims 26, 34-38,

40, and 58-62 have been withdrawn from consideration. Claims 1-19, 21, 42, 50-53

have been canceled. Claims 20, 22-25, 27-33, 39, 41, 43-49, and 54-57 stand

rejected and are being appealed. A copy of the rejected claims is provided in the

Claims Appendix (Section VIII).

To assist the Board in correlating dependent claims with their

corresponding independent claims, appellants provide the following chart of the

pending claims that have not been withdrawn:

20 Dependent on claim 54

22 Dependent on claim 20

23 Dependent on claim 20

24 Dependent on claim 20

25 Dependent on claim 20

27 _ Dependent on claim 20

28 Dependent on claim 27
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29 Dependent on claim 28

30 Dependent on claim 29

31 Dependent on claim 54

32 Dependent on claim 54

33 Dependent on claim 32

39 Dependent on claim 54

41 Dependent on claim 31

43 Dependent on claim 54

44 Dependent on claim 43

45 Dependent on claim 44

46 Dependent on claim 44

47 Dependent on claim 43

48 Dependent on claim 47

49 Dependent on claim 47

54 Independent

55 Dependent on claim 20

56 Independent

57 Dependent on claim 56

IV. STATUS OF AMENDMENTS

No amendment to the claims was filed subsequent to the Final Office

Action.

V. SUMMARY OF CLAIMED SUBJECT MATTER

A. Claim 54

The invention recited in claim 54 is a stent including a plurality of

hoops aligned along a common axis. Each of the hoops is non-helical and oriented in

a plane that is substantially perpendicular to the longitudinal axis of the stent. Each

of the hoops includes a plurality of elongate elements that are joined to one another

and form apices that point in a direction along the longitudinal axis of the stent. The

stent also includes means for securing an apex of one hoop to an abutting

juxtaposed apex of a neighboring hoop.

For example, and for purposes of illustration only, one exemplary

embodiment of the invention is shown as stent 10 in Fig. 1A (page 19, lines 5-7;
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page 22, lines 17-18). Part of a stent such as stent 10 is also shown in Figs. 2A

(page 19, lines 11-13; page 23, lines 11-12), 3 (page 19, lines 17-19; page 25, line

27—page 26, line 1), and 4A (page 19, lines 20-22; page 22, lines 17-18). The stent

includes a plurality of hoops. For example, the exemplary proximal part 12 of stent

10 (Fig. 1A) is formed of a plurality of hoops such as hoops 20 (Figs. 1A, 2A; page

23, lines 11-15; page 24, lines 8-13). Each hoop is non-helical and is oriented in a

plane that is substantially perpendicular to the longitudinal axis of the stent (page 9,

lines 15-19, 13-19; page 10, lines 16-17).

Each of the hoops includes a plurality of elongate elements that are

joined to one another and form apices such as apices 22 (Fig. 2A, page 23, lines 11-

20) that point in a direction along the longitudinal axis of the stent (page 9, lines 19-

27; page 23, lines 24-27).

The stent also has means for securing an apex of one hoop to a

juxtaposed apex of a neighboring hoop (page 10, lines 16-23 and Figs. 1A, 1B, 2A,

4A-4F). This feature is recited in terms of means plus function under 35 U.S.C. §

112, sixth paragraph. Pursuant to 37 C.F.R. § 41.37(c)(1)(v), the following

paragraphs set forth exemplary structures described in the specification as

corresponding to the claimed function.

The securing means may comprise a loop element of a suture material, for

example, to tie the abutting juxtaposed apices together. The loop element may also

comprise a loop formed of a thermoplastics material such, for example, as

polypropylene. Alternatively, the securing means may be a bead formed of a

thermoplastic material around juxtaposed apices. Also alternatively, the securing

means may be a loop, ring, or staple formed of wire such as nitinol (page 10, lines

20-28). FIGS. 4B-4F are partial exploded views of embodiments of a stent

illustrating exemplary means for securing juxtaposed apices of the stent (page 20,

lines 1-4).

Referring to Fig. 4A, for example, abutting juxtaposed apices 22 of

neighboring hoops 20 are secured together by securing means 99 which may be, for

example, 0.003” polypropylene filaments. Each apex 22 of each hoop 20 which has

an abutting juxtaposed apex of a neighboring hoop 20 is tied to the abutting
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juxtaposed apex 22 in this embodiment. In other embodiments of the invention,

only some of the juxtaposed apices 22 may be secured in this way (page 25, lines 4-

11).

In addition to polypropylene filaments, the securing means may comprise a

loop element 99a of a suture material, for example, to tie the juxtaposed apices

together, as shown in FIG. 4B. The securing means may also comprise a bead 99b

formed of a thermoplastic material around juxtaposed apices, as shown in FIG. 4C.

Also alternatively, the securing means may be a loop 99c, ring 99d, or staple 99e

formed of wire such as nitinol, as shown in FIGS. 4D, 4E, and 4F respectively (page

25, lines 12-21).

The foregoing, exemplary structures correspond to the function recited in

claim 54 of securing an apex of one hoop to an abutting juxtaposed apex of a

neighboring hoop. Equivalent structures for securing an apex of one hoop to a

juxtaposed apex of a neighboring hoop are also within the literal scope of claim 54

under 35 U.S.C. § 112, sixth paragraph.

B. Claim 56

The invention recited in claim 56 is a stent including a tubular member

that has a plurality of hoops aligned adjacent one another along the longitudinal axis

of the tubular member. Each of the hoops has a plurality of elongate elements.

Pairs of the elongate elements meet one another and form vertices that axially point

in a direction along the longitudinal axis of the stent. At least some of the vertices

axially abut and are individually connected to oppositely pointed veritices of elongate

elements of an adjacent hoop. The vertices of each hoop that are pointed in the

axial direction lie in a common plane that is perpendicular to the longitudinal axis of

the tubular member.

For example, and for purposes of illustration only, and according to

one exemplary embodiment of the invention, a stent such as stent 10 includes a

tubular member (page 8, lines 8-10). The stent includes a plurality of hoops. For

example, the exemplary proximal part 12 of stent 10 (Fig. 1A) is formed of a

plurality of hoops such as hoops 20 (Figs. 1A, 2A; page 23, lines 11-15; page 24,

lines 8-13). The exemplary hoops are aligned adjacent one another along the
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longitudinal axis of the tubular member (Fig. 1A; page 9, lines 19-27; page 23, lines

24-27).

Each of the hoops includes a plurality of elongate elements. Pairs of

the elongate elements meet one another and form vertices such as vertices 22 (Fig.

2A, page 23, lines 11-20) that axially point in a direction along the longitudinal axis

of the stent (page 9, lines 19-27; page 23, lines 24-27).

At least some of the vertices axially abut (Figs. 2A, 4A) and are

individually connected to oppositely pointed vertices of elongate elements of an

adjacent hoop (Figs. 2A, 4A). For example, a loop element of a suture material

connects oppositely pointed vertices of adjacent hoops (page 10, lines 18-23).

Exemplary suture material is shown as element 99a in Fig. 4B (page 25, lines 13-

15). Other materials for connecting oppositely pointed vertices of adjacent hoops are

shown in Figs 4A and 4C to 4F (page 25, lines 4-21).

The vertices of each hoop that are pointed in the axial direction lie in a

common plane that is perpendicular to the longitudinal axis of the tubular member

(page 9, lines 15-19; page 10, lines 2-5).

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL

The following grounds of rejection are set forth in the Final Office Action dated

March 24, 2008.

Claims 20, 22-25, 27-33, 39, 41, 43-49 and 54-57 stand rejected under 35

U.S.C. § 112, first paragraph, the Final Office Action contending that the claims fail

to comply with the written description requirement.

VII. ARGUMENT

Paragraph 4 of the Final Office Action has rejected claims 20, 22-25, 27-33,

39, 41, 43-49 and 54-57 under 35 U.S.C. §112, first paragraph, for allegedly failing

to comply with the written description requirement. It generally contends that the

claims contain subject matter which was not described in the specification in such a

way as to reasonably convey to one skilled in the relevant art that the inventors, at

the time the application was filed, had possession of the claimed invention.

1301



1302

BSI—010US4 - 8 -

Paragraphs 5-7 of the Final Office Action provide more specific reasons for the

rejections. Paragraph 2 of the Final Office Action explains why the Examiner

disagreed with Applicants’ arguments regarding claims 56 and 57 in their December

26, 2007 Request for Reconsideration.

EXAMINATION REQUIREMENTS TO SUPPORT A
REJECTION UNDER 35 U.S.C. §;l2,_FIRST PARAGRAPH

“An applicant shows possession of the claimed invention by describing the

claimed invention with all of its limitations using such descriptive means as words,

structures, figures, diagrams, and formulas that fully set forth the claimed

invention.” MPEP § 2163, Rev. 5, Aug. 2006, p. 2100-166. “The subject matter of

the claim need not be described literally (i.e., using the same terms or in haec verba)

in order for the disclosure to satisfy the description requirement.” MPEP §2163.02.

In addition to not requiring in haec verba claims, the MPEP states that newly added

claim limitations may be supported in the specification through express, implicit, or

inherent disclosure. MPEP § 2163, p. 2100-168. “The fundamental factual inquiry is

whether the specification conveys with reasonable clarity to those skilled in the art

that, as of the filing date sought, applicant was in possession of the invention as now

claimed.” MPEP § 2163, p. 2100-169.

“The examiner has the initial burden, after a thorough reading and evaluation

of the content of the application, of presenting evidence or reasons why a person

skilled in the art would not recognize that the written description of the invention

provides support for the claims.” MPEP § 2163 II.A., p. 2100-169. Accord, MPEP §

2163 II.A.3(b), p. 2100-177. “Prior to determining whether the disclosure satisfies

the written description requirement for the claimed subject matter, the examiner

should review the claims and the entire specification, including the specific

embodiments, figures, and sequence listings, to understand how applicant provides

support for the various features of the claimed invention.” MPEP 2163 II.A.2, p.

2100-171 (citation omitted) (emphasis added).

“In rejecting a claim, the examiner must set forth express findings of fact

regarding the above analysis which support the lack of written description conclusion.

These findings should:

(A) Identify the claim limitation at issue; and
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(B) Establish a prima facie case by providing reasons why a person 

skilled in the art at the time the application was filed would not have recognized that 

the inventor was in possession of the invention claimed in view of the disclosure of 

the application as filed." MPEP §2163 III.A., p. 2100-178; § 2163.04 I. 

THE REJECTION OF CLAIM 54 AND ITS DEPENDENT 
CLAIMS 20, 22-25, 27-33, 39, 41, 43-49, 55 

Contrary To The Final Office Action's Contention, 
The Disclosure Does Support "Means For Securing 
An Apex Of One Hoop To An Abutting Juxtaposed 
Apex Of A Neighboring Hoop" 

Paragraph 5 of the Final Office Action has rejected these claims because 

independent claim 54 recites vertices that abut which, in the Examiner's view, is not 

disclosed in the specification. Instead, the Examiner contends that the specification 

only discloses juxtaposed vertices, which, he contends, may or may not imply 

contact. 

Claim 54 recites, in part, "means for securing an apex of one hoop to an 

abutting juxtaposed apex of a neighboring hoop." Even though Applicants' 

specification does not expressly use the term "abut," a person skilled in the art would 

recognize that the specification (including the figures) implicitly and inherently 

supports these claim limitations. The Examiner, on the other hand, has not 

established a prima facie case, with reasons, explaining why a person skilled in the 

art would not have recognized that Applicants' disclosure shows they were in 

possession of the claimed invention. 

The specification states, in part 

Typically, the stents of this invention whether of the helical or 

perpendicular variety, also comprise a securing means for securing an 

apex of the sinuous wire in one hoop to a juxtaposed apex of a 

neighboring hoop so that each hoop is supported by its neighbors. The 

securing means may comprise a loop element of a suture material, for 

example, to tie the juxtaposed apices together .... (page 10, lines 16-

23) 

This passage states that an apex of one hoop is secured to a juxtaposed apex 

of a neighboring hoop "so that each hoop is supported by its neighbors." It also 

states that "a suture material. .. tie[s] juxtaposed apices together." One skilled in 
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the art would recognize that the specification at least implicitly and inherently 

describes an embodiment including abutting apices, thereby supporting the claim 

language at least implicitly and inherently. The Examiner has not provided any 

evidence or reasons demonstrating that a person skilled in the art at the time the 

application was filed would not have recognized that the inventors were in possession 

of the claimed invention in view of the above passages in the disclosure. 

One skilled in the art would also recognize that claim 54 finds clear support in 

stent embodiments such as those selected for illustration in Figs. 1A, 1B, 2A, 4A, and 

4B-4F. (page 19, lines 11-12, 20-21). These figures clearly show embodiments 

having "means for securing an apex of one hoop to an abutting juxtaposed apex of a 

neighboring hoop." The Examiner has not explained why a person skilled in the art 

would not recognize that the figures show this feature. 

As stated above, the subject matter of a claim need not be described in haec 

verba. Consideration of the specification and the figures, undertaken from the 

standpoint of one of skill in the art, "conveys with reasonable clarity" that Applicants 

were in possession of the claimed invention. MPEP § 2163, p. 2100-169. 

In contrast, the Examiner has not presented evidence or reasons why a 

person skilled in the art would not recognize that the written description of the 

invention, including the figures and passages specifically identified above, supports 

claim 54. Paragraph 5 of the Final Office Action states: "[t]he specification only 

discloses juxtaposed vertices." This statement fails to provide evidence that a person 

skilled in the art would not recognize that the Applicants had possession of the 

claimed invention. It fails to recognize the embodiments described by the 

specification and the figures. 

Paragraph 5 of the Final Office Action also contends that "the attachment 

mechanisms at page 10 lines 16-23 do not imply the apices must abut (as a weld or 

adhesive means would imply)." The Examiner's contentions disregard not only page 

10, lines 16-23 but also other significant aspects of Applicants' disclosure and fail to 

present required evidence demonstrating that a person skilled in the art would not 

recognize that the Applicants had possession of the claimed invention. 

Applicants' specification also states: 

[J]uxtaposed apices 22 of neighboring hoops 20 are secured together 

by securing means 99 (see Figure 4(a)), which are, in this example, 

0.003" polypropylene filaments. Each apex 22 of each hoop 20 which 
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has a juxtaposed apex of a neighboring hoop 20 is tied to the 

juxtaposed apex 22. (page 25, lines 4-9) 

In addition to polypropylene filaments, the securing means may 

comprise a loop element 99a of a suture material, for example, to tie 

the juxtaposed apices together, as shown in Fig. 4(b). The securing 

means may also comprise bead 99b formed of a thermoplastic material 

around juxtaposed apices, as shown in Fig. 4(c). Also alternatively, 

the securing means may be a loop 99c, ring 99d, or staple 99e formed 

of wire such as nitinol, as shown in Fig. 4(dL 4(eL and 4(f) 

respectively. (page 25, lines 12-21). 

These passages explain the relationship of juxtaposed apices that can be tied 

together or secured together as shown in Figures 4A through 4F, each of which also 

shows an embodiment having abutting apices. Taken together, the disclosure's 

statement that juxtaposed apices can be tied together or secured together, along 

with Figures 4A through 4F, combined with the explanation that "each hoop is 

supported by its neighbors" would inexorably lead one skilled in the art to conclude 

that the juxtaposed apices of at least some disclosed embodiments are abutting. The 

Examiner has not presented any evidence to the contrary. 

For all of the above reasons, Applicants' specification discloses "means for 

securing an apex of one hoop to an abutting juxtaposed apex of a neighboring hoop." 

Claim 54 also recites, in part, 

a plurality of hoops aligned along a common axis, each of said hoops 

being non-helical and oriented in a plane substantially perpendicular to 

the longitudinal axis of the stent. 

Paragraph 6 of the Final Office Action has rejected claim 54 and its dependent claims 

"because independent claim 54 recites 'non-helical' in combination with each hoop 

being substantially perpendicular and having connected apices." In the Examiner's 

view, "[t]he specification only disclose [sic] embodiments wherein each hoop is 

substantially perpendicular and has connected apices and has a helical 'offset' 

feature." 

Applicants' specification expressly describes two alternative categories of 

embodiments of hoops -- helical and substantially perpendicular. The specification 

states: 
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In some embodiments the wire may have a helical configuration as

disclosed in EP—A—O556850. Alternatively, the wire may be of an

entirely novel configuration, namely one in which the wire forms a

plurality of hoops such that the plane of the circumference of each

hoop is substantially perpendicular to the longitudinal axis of the stent.

(page 9, lines 13-19)

One of ordinary skill in the art would recognize that the specification conveys with

reasonable clarity a plurality of embodiments and features. One described

embodiment is a helical configuration. One of ordinary skill in the art would

recognize that the alternative to the helical embodiment described in the

specification is not helical because the specification describes an alternative to a

h_eli_ca_| embodiment. That is, one of ordinary skill in the art would recognize that at

least one alternatively described embodiment is non-helical.

This portion of the specification also makes clear that embodiments of

Applicants’ invention may be helical or perpendicular: “[t]ypica||y, the stents of this

invention [are] of the helical or perpendicular variety.” (page 10, lines 16-17). The

phrase “helical or perpendicular variety” confirms that the “perpendicular variety”

embodiment is an explicitly disclosed example of a non—he|ica| alternative to the

[Lyell variety.

As indicated above, paragraph 6 of the Office Action contends that the

application does not disclose “’non-helical’ in combination with each hoop being

substantially perpendicular and having connected apices.” To the contrary, the

specification does disclose such an embodiment (although not in haec verba) by

stating:

Typically, the stents of this invention . . . of the . . . perpendicular

variety, also comprise a securing means for securing an apex of the

sinuous wire in one hoop to a juxtaposed apex of a neighboring hoop

so that each hoop is supported by its neighbors. (page 10, lines 16-20)

One of ordinary skill in the art would recognize that this paragraph also provides

support for the claimed combination.
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In paragraph 2, at the top of page 31, the Final Office Action indicates that it

has interpreted “non-helica|” to require that the claimed embodiment “lack[s] any

helical features.” Based upon this interpretation of “non-helica|,” the Examiner

contends that Fig. 4A shows “a helical aspect (i.e. the longitudinal displacements

described at page 23 lines 24-27).”

But page 23, lines 24-27 describes Figs. 2A and 2B, not Fig. 4A, and describes

how hoops 20a and 20b in those figures are formed. Figs. 2A and 2B are reproduced

below, with reference numbers 23A, 23B and 23C added to Fig. 2A for the Board's

ease of reference.

1The opening sentence of paragraph 2 of the Final Office Action states that it only
pertains to claims 56 and 57. Since claims 56-57 do not contain a “non-he|ical”

I recitation, the Examiner's contentions regarding “non—he|ica|” must pertain to claim54.

1307



1308

BSI-010US4 - 14 -

The referenced portion of the specification states:

When one hoop 20 e.g. the hoop indicated at 20a has been formed,

the point of winding of the nitinol wire is displaced longitudinally with

respect to the axis of mandrel 46 to form the next successive hoop

20b.

Hoops 20a and 20b are shown in both figures.

Part of hoop 20a is formed by wire portion 23A. In order to form the

adjoining hoop 20b, the point of winding of wire portion 23A is displaced

longitudinally at wire portion 23B, and becomes wire portion 23C. Apparently, the

Examiner contends that wire portion 23B precludes Applicants from reciting “hoops

being non—he|ical.” The Examiner is wrong.

The recitation at issue is: “hoops being non-he|ical.” Figs. 1A, 1B, 2A, 3, 4A

all show embodiments of non-helical hoops. Regardless of how the hoops are

formed, and regardless of how one hoop flows into another hoop, the hoops

themselves are non—helica|. The disclosure therefore supports “hoops being non-

helical.”

For all of the above reasons, Applicants’ disclosure demonstrates that they

had possession of this aspect of the claimed invention.

THE REJECTION OF CLAIM 56 AND ITS DEPENDENT CLAIM 57

Contrary To The Final Office Action’s Contention,
The Disclosure Does Support “At Least Some Of

Said Vertices Axially Abut”

Claim 56 recites, in part,

at least some of said vertices axially abut and are individually

connected to oppositely pointed vertices of elongate elements of an

adjacent hoop.

In addition to the contentions stated in paragraph 4 of the Final Office Action,

the Examiner's reasoning is further explained in paragraph 2 of the Final Office

Action, which contends that

the use of “a suture loop” to tie adjacent or juxtaposed apices does not

expressly, implicitly, or inherently require contact between the apices.

In fact, the teachings at page 10, lines 16-23 raise the question of how
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tightly or loosely the suture is tied. These teachings are not equivalent

to a connection created by adhesive or welding.

As was the case regarding claim 54, even though Applicants’ specification

does not expressly use the term “abut,” a person skilled in the art would recognize

that the specification (including the figures) expressly, implicitly, and inherently

supports these claim limitations. In addition, the Examiner has not established a

prima facie case, with reasons, explaining why a person skilled in the art would not

have recognized that Applicants’ disclosure shows they were in possession of the

claimed invention.

As Applicants argued above regarding the rejection of claim 54, the

specification describes, and the figures illustrate, embodiments in which “each hoop

is supported by its neighbors” (page 10, line 20), “vertices . . . are individually

connected to oppositely pointed vertices” using various connecting elements (page

10, lines 23-29; page 25, lines 4-9, 12-21), and apices are tied together. See also,

Figs. 1A, 1B, 2A, and 4A—4F.

Taken together, the specification and the figures demonstrate that “at least

some of said vertices axially abut and are individually connected to oppositely

pointed vertices of elongate elements of an adjacent hoop.”

The Final Office Action has disregarded the above-described teachings in the

specification because, in its view, the teachings “are not equivalent to a connection

created by adhesive or welding.” This statement makes the unsupported assumption

that any two things (including juxtaposed apices) can abut only if they are connected

by adhesive or welding or only if they are connected by something that is equivalent

to adhesive or welding. The Board must reject these contentions because the

Examiner has not supported them with any evidence and because they are clearly

wrong. For example, a pencil resting on a desk top abuts the desk top even though

the pencil is not connected to the desk top at all or by adhesive, welding, or anything

equivalent to adhesive or welding. Applicants’ disclosure demonstrates embodiments

in which apices abut, even though the disclosure does not expressly refer to adhesive

or welding.

For all of the above reasons, Applicants’ disclosure demonstrates that they

had possession of this aspect of the claimed invention.

Claim 56 also recites, in part:
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vertices of each hoop pointed in the axial direction lie in a common

plane perpendicular to the longitudinal axis of the tubular member.

Paragraph 7 of the Final Office Action has rejected claims 56 and 57 because,

in the view of the Examiner, the specification does not provide support for the

recitation that vertices of “each hoop” lie in a common plane perpendicular to the

longitudinal axis of the tubular member. In the view of the Examiner, the

specification only supports a recitation that for the perpendicular embodiment apices

of “one or more” hoops lie in such a plane. The Final Office Action also contends that

only a recitation of “substantially perpendicular” is supported by the description of

Figs. 1-4. Applicants disagree.

The specification contains broad language generally describing selected

embodiments of its disclosed stents as being of a “perpendicular variety.” (page 10,

line 17) One exemplary embodiment may have hoops that are “substantially

perpendicular to the longitudinal axis” (page 23, lines 21-22, discussing Fig. 2A).

Other exemplary embodiments of the perpendicular variety are straight stents (page

44, lines 19-20) having hoops that are “perpendicular to a common axis.” (page 44,

lines 22-23, discussing Figs. 22 and 23).

Figs. 1A and 2A, among other figures, illustrate an embodiment of a stent 10

(page 22, lines 17-18) having hoops 20. (page 23, line 11-page 24, line 13). “Each

hoop 20 is wound onto mandrel 46 such that the plane of the circumference of each

hoop 20 is substantially perpendicular to the longitudinal axis of the mandrel.” (page

23, lines 20-23)

Fig. 22 illustrates another embodiment of a stent using configurations such as

the stent configurations described in Figs. 1A and 2A. Fig. 22 illustrates, for

example, a stent embodiment having a proximal portion 401 “formed of a number of

longitudinally spaced hoops 20 as described in connection with the formation of stent

10 above.” (page 45, lines 5-7). The stent embodiment illustrated in Fig. 22 also has

a distal portion 402 having additional similar hoops 20. (page 45, lines 10-12). This

embodiment is also a stent of the “perpendicular variety.” (page 44, lines 21-23)

(“each of the requests comprising one or more adjacent hoops, perpendicular to a

common axis”).

Since the stent embodiment shown in Figs. 1A, 2A and stent embodiments

shown in Figs. 22, 23 are both of the “perpendicular variety,” and since both stents
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may be formed in the same way, one skilled in the art would understand that either

of the stents could be formed of perpendicular hoops.
In addition, Fig. 1A, illustrating stent embodiment 10, clearly shows “vertices

of each hoop pointed in the axial direction lie in a common plane perpendicular to the

longitudinal axis of the tubular member.” As indicated by the MPEP, the PTO must

consider Applicants’ figures when construing their full disclosure. The specification

cannot be considered in a vacuum, without giving full weight to the clear teachings of

the figures.

Page 3 of the Final Office Action has mischaracterized Applicants’ arguments.

Applicants have not suggested that “it would be obvious to interchange features of

the Figure 1a/2a embodiment and Figure 22/23 embodiments.” As explained above,

Fig. 22 illustrates, for example, a stent embodiment having a proximal portion 401

“formed of a number of longitudinally spaced hoops 20 as described in connection

with the formation of stent 10 above.” (page 45, lines 5-7). As stated above,

therefore, since both stent embodiments may be formed in the same way, one skilled

in the art would understand that either of the stents could be formed of

perpendicular hoops. Contrary to the belief of the Examiner, therefore, one skilled in

the art would understand that the specification does interrelate at least Figs. 1-4 with

at least Figs. 22 and 23. The Final Office Action fails to demonstrate that one skilled

in the art would not have such an understanding.

For the above reasons, Applicants’ disclosure fully supports the phrase “the

vertices of each hoop pointed in the axial direction lie in a common plane

perpendicular to the longitudinal axis of the tubular member.”
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CONCLUSION

In view of the foregoing remarks, Applicants submit that the grounds for

rejection of claims 20, 22-25, 27-33, 39, 41, 43-49, and 54-57 are improper.

Applicants respectfully request that the Board reverse the Examiner's rejection of all

pending rejected claims.

Respectfully submitted,

gu§lwtLcolw..
Jos ua L. Cohen, Reg. No. 38,040

Stanley Weinberg, Reg. No. 25,276
Attorneys for Applicant

Dated: October 14, 2008

P.O. Box 980

Valley Forge, PA 19482-0980

(610) 407-0700

The Director is hereby authorized to charge or credit Deposit Account No. 18-0350 for any additional fees,
or any underpayment or credit for overpayment in connection herewith.
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VIII. CLAIMS APPENDIX

20. (Previously Presented) A stent as recited in claim 54 comprising

at least one stent segment in combination with one or more additional stent

segments.

22. (Previously Presented) A stent as recited in claim 20 wherein said

one or more additional segments are axially aligned with one another.

23. (Previously Presented) A stent as recited in claim 20 wherein said

one or more additional segments are secured to one another by connecting means

connecting at least some of the apices of hoops at mating ends of said stent and said

additional segments.

24. (Previously Presented) A stent as recited in claim 20 wherein

adjacent hoops are of the same diameter.

25. (Previously Presented) A stent as recited in claim 20 wherein

adjacent hoops are of a different diameter.

27. (Previously Presented) A stent as recited in claim 20 wherein a

first additional segment is axially parallel to, but non -common co-axial with, said

stent segment.

28. (Previously Presented) A stent as recited in claim 27 further

comprising a second additional segment axially parallel to said stent segment, but

non—co-axial with either said stent segment or said first additional stent segment.

29. (Previously Presented) A stent as recited in claim 28 wherein at

least one of said first and second additional stent segments is of frustoconical shape

and is further combined with a third an additional stent segment, one end of which

includes a mating frustoconical shape.

30. (Previously Presented) A stent as recited in claim 29, wherein

said mating frustoconical stent segments are adapted to be separately placed in a

bifurcated artery and then, by expansion of one of said frustoconical stent segments,

secured to one another.
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31. (Previously Presented) An endoluminal stent as claimed in claim

54 wherein said hoops are formed of a single continuous wire.

32. (Previously Presented) An endoluminal stent as claimed in claim

54 wherein said securing means is a suture.

33. (Previously Presented) An endoluminal stent as claimed in claim

32 wherein said suture is a tied loop of thermoplastic material.

39. (Previously Presented) An endoluminal stent as claimed in claim

54 wherein each longitudinal end of the stent is substantially perpendicular square to

the longitudinal axis of the stent.

41. (Previously Presented) An endoluminal stent as claimed in claim

31 wherein said wire is nitinol.

43. (Previously Presented) An endoluminal stent as claimed in claim

54 further comprising a radiopaque marker disposed on at least one end of the stent.

44. (Previously Presented) An endoluminal stent as claimed in claim

43 wherein said radiopaque marker comprises a radiopaque element attached to one

end of said stent.

45. (Previously Presented) An endoluminal stent as claimed in claim

44 wherein said element is a platinum wire.

46. (Previously Presented) An endoluminal stent as claimed in claim

44 wherein said element is a gold wire.

47. (Previously Presented) An endoluminal stent as claimed in claim

43 wherein said radiopaque marker comprises a radiopaque tube disposed around a

part of said stent.

48. (Previously Presented) An endoluminal stent as claimed in claim

47 wherein said tube is platinum.

49. (Previously Presented) An endoluminal stent as claimed in claim

47 wherein said tube is gold.
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50-53. (Cancelled)

54. (Currently Amended) A stent comprising:

a plurality of hoops aligned along a common axis, each of said hoops

being non-helical and oriented in a plane substantially perpendicular to the

longitudinal axis of the stent, and each of said hoops including a plurality of elongate

elements joined to one another and forming apices that point in a direction along the

longitudinal axis of the stent; and

means for securing an apex of one hoop to an abutting juxtaposed

apex of a neighboring hoop.

55. (Previously Presented) A stent as recited in claim 20 wherein at

least one of said additional stent segments comprises:

a plurality of hoops aligned along a common axis, each of said hoops

oriented in a plane substantially perpendicular to the longitudinal axis of the

additional stent segment, and each of said hoops including a plurality of elongate

elements joined to one another and forming apices that point in a direction along the

longitudinal axis of the additional stent segment; and

means for securing an apex of one hoop to a juxtaposed apex of a

neighboring hoop.

56. (Previously Presented) A stent comprising a tubular member

having a plurality of hoops aligned adjacent one another along the longitudinal axis

of said tubular member, each of said hoops comprising a plurality of elongate

elements, with pairs of said elongate elements meeting one another and forming

vertices axially pointing in a direction along the longitudinal axis of the stent,

wherein at least some of said vertices axially abut and are individually connected to

oppositely pointed vertices of elongate elements of an adjacent hoop, wherein the

vertices of each hoop pointed in the axial direction lie in a common plane

perpendicular to the longitudinal axis of the tubular member.
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57. (Previously Presented) A stent according to claim 56, wherein at

least one elongate element in each hoop is a continuation of an elongate element of

an adjacent hoop.
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IX. EVIDENCE APPENDIX

None.

-23-
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X. RELATED PROCEEDINGS APPENDIX
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for publication in a law journal and (2) is not binding precedent of the Board.

Paper No. 33
Filed by: Trial Section Merits Panel

Box Interference

Washington, D.C.
Tel: 703-308-9797
Fax: 703-305-0942

20231

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE BOARD OF PATENT APPEALS
AND INTERFERENCES

MAELED

HI-1? 1 0 1999

ERIC C. MARTIN,

BOARD OF PATENT
Junior Party ANDENTERFERE

(Patent No. 5,575,817)‘,

V-

ANDREW H. CRAGG, and MICHAEL D. DAKE

Senior Party

(Application 08/461,402) 2

Patent Interference No. 104,083

Before McKelvey, Senior Administrative Patent Judge, Schafer, Lee
and Torczon, Administrative patent Judges.

PER CURIAM

JUDGMENT

Junior party Martin has failed to serve its case—in—chief

testimony on priority by the time such service was due, i.e
- I

Filed August 19, 1994.

2 Assigned to Boston Scientific Technology,
the benefit of European applications EP9440284.9,
9, 1994, and EP94401306.9, filed June 10, 1994.

the benefit of U.S. applications 08/317,763,

1994, and 08/312,881, filed September 27,

Inc. Accorded

filed February
Also accorded

filed October 4,
1994.
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Interference No. 104,083

Martin v. Cragg

March 1, 1999. Based on party Martin's failure to take

testimony, party Cragg has filed a miscellaneous motion for

judgment or a show cause order under 37 CFR § 1.652.

In a telephone conference conducted at 2:45 PM, March 8,

1999, between administrative patent judge Jameson Lee and counsel

to the respective parties, Mr. Peter Davis, counsel to party

Martin, indicated that the failure to serve its case—in—chief

evidence was not inadvertent and that the junior party would have

no objection to the Board's entering adverse judgment against

party Martin on the basis that its case—in—chief evidence was not

served. Accordingly, entry of judgment against party Martin is

now appropriate.

It is ORDERED that judgment as to the subject matter of

count 1 is entered against junior party Martin and awarded in

favor of senior party Cragg.

It is ORDERED that Eric C. Martin is not entitled to a

patent containing claim 1 of his involved patent, which

corresponds to count 1.

It is ORDERED that on this record, Andrew H. Cragg and

Michael D. Dake are entitled to a patent containing their

application claim 89 which corresponds to the count.

It is ORDERED that upon return of party Cragg's involved

application to the primary examiner, party Cragg shall inform the
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Interference No. 104,083

Martin v. Cragg

examiner of the administrative patent judge's decision (Paper No.

20) granting party Cragg's motion to correct inventorship (Paper

No. 16), and request that the correction, inclusive of the ‘

accompanying petition and amendment, be processed and entered in

the official file of party Cragg's involved application.

It is FURTHER ORDERED that in light of this entry of

judgment, party Cragg's motion for judgment or an order to show

cause why judgment should not be entered against party Martin is

dismissed as moot.

g;CL¢Au ”45«’
Fred E. Mckelvey, Senior )
Administrative Patent Judge)

 
BOARD OF PATENT

APPEALS

AND

INTERFERENCES

  
Richard Tor

Administrative Pat nt Judge
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Interference No. 104,083

Martin v. Cragg

Paul F. Prestia

Ratner & Prestia

Suite 301

One Westlakes (Berwyn)
P.O. Box 980

Valley Forge, Pennsylvania 19482-0980

Robert J. Koch

Fulbright & Jaworski

801 Pennsylvania Avenue, N.W.

Washington, D.C. 20004
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The opinion in support of the decision being entered
today is not binding precedent of the Board.

Filed by: Trial Section Merits Panel __ Paper No. 187Box Interference ‘

Washington, D.C. 20231
Tel: 703-308-9797
Fax: 703-305-0942

UNITED STATES PATENT AND TRADEMARK OEFICE

BEFORE THE BOARD OF PATENT APPEALS
AND INTERFERENCES

é

ANDREW H; CRAGG and MICHAEL D. DAKE,

(Appuiiiizi ?):7f1%1,4o2),‘ mates
'1.

  
  

RECE“/ED V‘ ‘JUL 2 7 200]

JUL 3.0 2001 ERIC C‘ MARTIN’ _ P:-‘.'f.&T.i.iOE.=_iCE 0
Junior party; = BOARDOF?ATEN|:\PPEALa

RATNER 8. PRESTIA AND 1347535539553
(Application 5,575,817),2 ,

V..

THOMAS. J; FOGARTY, JAY A. ' LENKER,
TIMOTHY J‘. RYAN and KIRSTEN FREISLINGER,

Senior Party,

(Application 08/463,836).’

Patent Interference No. 104,192
1 ,

1 Filed 06/05/95. Accorded the benefit of application
08/317,763, filed October 4, 1994, now Patent No. 5,609,627, and
application 08/312,881, filed September 27, 1994. The real party
in interest is Boston Scientific Technol0gY. Inc.

2 Based on application 08/293,541, filed August 19, 1994.

3 Filed June 5, 1995. Accorded the benefit of application
08/255,681, filed June 8, 1994. The real party in interest is
Medtronic Aneurx, Inc.
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Interference No. 104,192

Cragq v. Martin v. Fogarty

Before MCKELVEY, Senior Administrative Patent Judge, and SCHAFER,
LEE and MEDLEY, Administrative Patent Judges.

‘LEE, Administrative Patent Judge.

FINAL DECISION AND JUDGMEmT

Introduction

when this interference was declared on April 23, 1998,

current junior party Cragg was then senior party Goicoechea.

Because of the granting of a motion to correct inventorship in

_related Interference No. 104,083 for appflcation 08/461,402, the

same application that is involved in this interference, co-

inventors George Goicoechea, John Hudson, and Claude_fiialhe were

-deleted and the only remaining inventors in that applicgtion are

Andrew H. Cragg and Michael D. Dahe. Thus, party Goicoechea

became party Cragg. Any.reference_to party Goicoechea should be

understood as a reference to party Cragg.

A decision on the parties’ preliminary motions was rendered

on February 11, 2000 (Paper No. 108); after which party Fogarty

filed a miscellaneous motion (Paper No, T12) for leave to file,

out of time, a preliminary motion 12 to attack the benefit

accorded party Cragg of European Applications EP94400284.9 and

EP9440l306.9. The motion for leave as well as the preliminary
motion 12 (Paper No. 113) were granted by a panel consisting of

administrative patent judges Schafer and Lee (Paper No. 130).
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Interference No. 104,192

Cragg v. Martin v. Fogarty

The decision on Fogarty's preliminary motion 12 was adhered to on

reconsideration (Paper No. 138) by a panel consisting of Senior

‘Administrative Patent Judge McKe1vey, and Administrative Patent

Judges Schafer and Lee. This interference was re—declared in

Paper No. 131 to change the junior/senior status of parties Cragg,1..'l

and Fogarty, with Cragg now being junior party:

Junior party Martin did not file a preliminary statement.

It has indicated to the administrative patent judge to which this
. : &{;1

case was assigned that it did not want to participate in this

interference except to “ride along” for the possibility that (1)

the only interference-in—fact is determined to be between parties

Cragg and Martin (a Cragg contention); and (2) that party Cragg

will be deprived of its accorded benefit date.(a Fogarty

contention) and cannot demonstrate_a sufficiently early date to

prevail over Martin.

Because junior party Cragg filed_no case-in—chief during the

priority phase of this proceeding, it was placed under an order.""u-

to show cause why judgment should not be entered against Cragg.

Party Cragg requested final hearing for review of the Board's

decision on Cragg’s preliminary motions 1 and 2 and on Fogarty's

preliminary motion 12. According to party Cragg it should not

have been made a junior party and thus need not have had to put

on a priority case in the first instance. Party Fogarty

-3-
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requested review of the Board's decision on its preliminary

motions 8 and 10. Oral argument was made on Eebruary 28, 2001,:

before administrative patent judges Schafer, Lee and Medley.
Findings of Fact

The below-listed findings as well as those contained in the

discnssion portion of this opinion are supportedgby a
preponderance of the evidence:

I 1. This interference_was declared on April 23, 1998,
(L

between three parties, Martin, Fogarty, and Goicoechea (now

 

Cragg).

2. The involved patent of Martin is Patent No. 6§575,817,
raged on application 03/293,-541'; p giiéd "August "1'9_,_r 1§§4.":'

3. The involved application of Cragg is application
908./461,402, "1’ if

4. The involved application of Fogarty is application

08/463,836, filed June 5, 1995.

5. At the time of declaration of this interference, the
‘ff

named inventors of Cragg's involved application 08/461,402 were

George Goicoechea, John Hudson, Claude Mialhe, Andrew H. Cragg,
and Michael D. Dake.

6. Cragg's application 08/461,402, was also involved in a

related interference, Interference No. 104,083, between parties

Cragg and Martin but not Fogarty, wherein a motion to correct

._4_
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inventorship was granted, deleting George Goicoechea, John

Hudson, and Claude Mialhe as co-inventors, and leaving only

Andrew H. Cragg and Michael D. Dake.

7. This interference was re-declared on June 2, 1999

(Paper No. 106) to reflect that only Andrew H. Cragg and Michael

D. Dake are named inventors in Cragg’s involved_application.
8. Independent claim 1 of Martin's involved patent reads

identically as the count in-related Interference No. 104,083, and5...

judgment wassentered against party Martin in that interference on

March 10, 1999.

9. Claim 2 of.Martin7s involved patent depends from claim
I!

1, and if re—written in independent form it would read the same

as the count in this interference.

101 The count of this interference reads as follows (Paper

No. 16):

An apparatus for reinforcing a bifurcated lumen

comprising: '

a first section, configured to,be positioned
within the lumen, comprising:

an upper limb, configured to fit within the lumen
upstream of the bifurcation;

a first lower limb, configured to extend into a

first leg of said bifurcation when said first section

is positioned in the lumen, and

1335



1336

Interference No. 104,192
Cragg v. Martin V. Fogarty

a second lower limb, shorter than said first lower
limb, and configured so that when said first section is
positioned in the lumen, said second lower limb does
not extend into a second leg of said bifurcation,

and further comprising

a second section configured to be positioned
separately within the lumen and joined to said second

lower limb of the first section, effectively extending
said second lower limb into said second leg of said
bifurcation.

11. Cragg's preliminary statement identifies only Michael

D. Dake as the inventor of the subject matter of the count.

12. After the rendering of the Board's decision on

preliminary motions (Paper No. 108) and subsequent service of the

(preliminary statement of party Cragg, Cragg filed a mis%ellaneous

motion to amend or correct its preliminary statement to identify‘

Andrew H. Cragg and Michael D. Dake as co—inventors of the

subject matter of the count. (Paper No, 117).

13. Cragg's motion to amend was denied. (Paper No. 130).

P A written opinion explaining the basis of that denial followed.

(Paper No. 140). Cragg requested reconsideration. The original

decision was adhered to on reconsideration. (Paper No. 146).

14. Cragg has not sought review of the Board's denial of

Cragg's motion to amend or correct its preliminary statement to

name both Andrew H. Cragg and Michael D. Dake as inventors.
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15. Upon declaration of this interference, Cragg was

accorded benefit of U.S. application 08/317,763, filed October 4,

1994, European application EP94400284.9, filed February 9, 1994,

and European application EP94401306.9, filed June 10, 1994. The

European applications did-not identify any inventor and were

filed by the entity MINTEC SARL. E

«16. Based on representations from individuals associated

with party Cragg, party Fogarty regarded as true, until the(7.

service of party Cragg’s preliminary statement, that European

applications EP94400284.9 and EP94401306.9 were filed by MINTEC

~SARL on behalf of inventors Goicoechea, Hudson, Mialhe, and
1",

‘Cragg. (Fogarty Preliminary-Motion 12, Fact No, 5 - not disputed

_by Crqgg).

17. Michael D. Dake made an assignment of rights, including

his interests in the invention covered by Cragg’s involved

application relating to a bifurcated stent¥graft, to MinTec,

Inc., for a one time payment-of eight hundred thousand U-S.

dollars (U.S. $800,000) and other considerations, on May 6, 1996,

with a stated effective date of April 30, 1996. (Cragg Exhibit

01025, CE—l025). The date of assignment was nearly two years and

three months from the date of filing of EP94400284.9 on February

9, 1994, and nearly two years from the date of filing of

EP94401306.9 on June 10, 1994.
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18. Parties Cragg and Fogarty evidently treat, without

dispute, that MinTec, Inc. and MINTEC SARL are related entities

such that an assignment of interest to the former means the

latter is an “assign.”

19. Andrew H. Cragg made an assignment of rights, including
r‘

his interests in the invention Covered by Craggfs involved

application relating'to a bifurcated endoluminal prosthesis, to

MINTEC, INC. on August 22, 1994. (Craqg‘Exhibit 1021, CE—102l).
The date of assignment was six months after the date of filing of

EP94400284.9 on February 9, 1994, and two months after the date

of filing of_EP94401306.9 on June 10, 1994.
' 5‘.

Discussion 1

‘A: ' Fogarty;s Preliminary Motion 12

In the “Relief Requested” portion of Fogarty’s preliminary

motion 12, it is stated:

Fogarty moves under 37 CFR § 1.633(g) to deny the

senior party the benefit of EP94400284.9 and

EP94401306.9 on the grounds that neither application

was filed by (i) the individual now identified as the

inventor or (ii) on his behalf by his legal

representatives or assigns.

The statutory basis of Fogarty’s preliminary motion 12 is

35 U.S.C. § 119, which states, in pertinent part:

-8-
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(a) An application for patent for an invention filed in
this country by any person who has, or whose legal

representatives or assigns have, previously regularly
filed an application for a patent for the same

invention in a foreign country which affords similar

privileges in the case of applications filed in the

United States or to citizens of the United States, or
in a WTO member country, shall have the same effect as
the same application would have if filed in this

country on the date on which the application for patent
for the same invention was first filed in such foreign
country, if the application in this countfy is filed
within twelve months from the earliest date on which

such foreign application was filed; . . .'. (Emphasis
added.)

u

As the motion panel's decision on reconsideration (Paper No.

138) states on page 3, a statement with which we agree and adopt

herein: _y
. . - _ _ _ _ I I _ § _

fWe interpret the above-quoted-“any person who has,
a or whose legal.representativés or assigns have”

language as meaning that the previously filed foreign
applicationgm ;§§gefibeen@filed;by.the person or one
who was, at t time of filing of the previously filed
foreign application, already a legal representative or
assign of that person. This view is necessary to
ensure a link between the presently involved

application and the earlier filed foreign application
with respect to the particular inventor. A contrary
interpretation would cause entitlement to benefit to be
negotiable as a commodity between unrelated entities.

Note that if party Martin or party Fogarty now assigned
its involved patent or application to MINTEC, that does

not and should not mean party Martin or party Fogarty’s
involved case should suddenly be entitled to the

benefit of the earlier filing dates of party Cragg’s
European applications, on the basis that the European
applications were previously filed by MINTEC who is now
the assignee of party Martin or party Fogarty’s
involved patent or application.
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Our view is consistent with the opinion of the Court of

Customs and Patent Appeals in Vogel V. Jones, 486 F.2d 1068,

1072, 179 USPQ 425, 428 (CCPA 1973), wherein the court determined

that a foreign application made by the assignee of a U.S.

applicant, on behalf of one other than the United States
. é

inventor, is irrelevant to the rights of priority of the U.S.

inventor. The Vogel case concerns 35 U.S.C. § 119, not 35 U.S.C.

§ 116 or § 120. Contrary to a suggestion by party Cragq in its
‘ {"5

reply brief at final hearing, Vogel has not been made outdated by~

statutory amendments to 35 U.S.C. § 116 and § 120 in 1984. The

inventive entity may not always be identical between a U.S.
_ . _ M _ .«_

application as a whole and an ancestral corresponding application

in a foreign application;” E;g;, B§iL;_1;_LQgg§, 39 USPQ2d 1838;

.1840) (Ed. Pat. App. & Int. 1996)(“the proposition that the

inventive entity must be the same in both the foreign and the

corresponding U.S. application in order to obtain benefit can no

longer be accepted, if it ever was, as a hard and fast rule in."(.

View of the liberalization of the requirements for filing a U.S.

application as joint inventors wrought by the 1984 amendment of

35 U.S.C. § 116.”). But with regard to any particular invention

at issue or involved in an interference, 35 U.S.C. § 119 still

includes the language concerning filing in a foreign country by
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assigns or legal representatives of the one who files for that

invention in the United States.

We have reviewed Schmitt v. Babcock, 377 F.2d 994, 153 USPQ

719 (CCPA 1967), a case mentioned by Cragg during oral argument

at final hearing as somehow being in support of its position, but

it does not help Cragg’s position. The Schmitt—case, from a pre-

1984 era, relates to an inconsistency or disagreement in

inventorship between the U.S. application and the foreign

application and a resolution of that disagreement prior to

accordance of benefit. Here, inconsistency or disagreement in

_inventorship is not-the.issue.' Nothing in_Schmitt purpgrts to

not recognize the filing by assigns reguirement of 35 UlS.C.

I § 119. Even if it does, that would be contrary to the Vogel case

which is later in time and thus takes precedent over Schmitt.

It is not in dispute that the assignment from Michael D.

Dake to Mintec, Inc. occurred subsequent to the filing of the two

European applications. In its request for reconsideration (Paper

No. 137) of the granting of Fogarty’s preliminary motion 12, on

pages 4-5, Cragg stated:

Mintec, the applicant in the EP applications in
question, was the assignee of both Dr. Cragg and Dr.

Dake, albeit the assignment by Dr. Cragg came several

months after those applications had been filed and the

assignment by Dr. Dake came more than a year after they
had been filed.
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Note Cragg's exhibit CE-1025, an assignment document from Mr.

-Michael D. Dake to MinTec, Inc., which was egecuted on May 6,

1996, more than two years after the filing of EP94400284.9, and
nearly two years after the filing of EP94401306.9.

Cragg’s brief at final hearing does not appgar to argue that
under 35 U.S.C- § 119, a subsequent assignment.puts an assignee

in the same position as if it were a “legal representative” or

“assign” of the inventor at a previous time when a foreign

application for the same invention was filed by that assignee.

In any event, that argument, if made, would be rejected because

;it ignores plain statutory language to_the.contraryi' Cragg has
'_not set forth evidence of legislative history-which clearly,“

.indicates~that the statute does not mean what it plainly says.l

Two new arguments have been raised for the first time by

party Cragg in its reply brief at final hearing, which should

have been raised, if at all, in its opposition to Fogarty’s

preliminary motion 12. The first new argument is this: That the

two European applications were filed by MINTEC SARL for an

invention “actually made” by Michael D. Dake and Andrew H. Cragg,

regardless of assignment, and that this should satisfy the filing

by assign or legal representative requirement of 35 U.S.C. § 119.

The second new argument is raised by the last_sentence on page 10

of Cragg’s reply brief, which reads: “There is no requirement

-12-

1342



1343

.

pun-_ "*-I"-v...:.-3 »'|“N< T

Interference No. 104,192
Cragg v. Martin v. Fogarty

either in Section 119 or in case law that the assignment must.

have been perfected before the EP applicationsewere filed in

2 order to rely on those applications for priority purposes.” The

statement implies that somehow there was at least an obligation

of assignment which only was not perfected or formalized until

after the filing of the European applications, and that this

should satisfy 35 U.S.C. § 119.

The two new arguments were not in_Cragg's opposition to*1:

iFogarty's preliminary motion 12, and-still not in Cragg's request

for reconsideration of the motion panel's decision on Fogarty'sA

preliminary motion 12. .They further still do not appear-to-be“

-contained in Craggks principal brief at final hearing.‘§ These
_ arguments do not involve mere statutory construction, but are

also fact determinative. If the new arguments were timely raised

in Cragg's opposition to Fogarty's preliminary motion 12, 

‘ In its principal brief at final hearing on page 24,
Cragg states: “Michael Dake had assigned his invention to Mintec
and his collaboration with Andrew Cragg on the claimed invention
prior to the filing of the EP applications is acknowledged.
CE1025—l.” This cannot be reasonably construed as an argument
that the European applications filed by MINTEC SARL were for an
invention actually made by Michael D. Dake and that that would
satisfy the filing by assigns requirement of 35 U.S.C. § 119. In
any event, raising such an argument for the first time in the

principal brief at final hearing would nonetheless be untimely.
Exhibit CEl025 also does not speak of any “collaboration” in the
sense of there being a common goal, but mere discussion,
consultation, and communication between Michael D. Dake and one

or more of Messr. Goicoechea, Cragg, and Hudson on a topic and
“whatever contributions Dr. Dake may have made” (Emphasis added).

-13-
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pertinent facts could have been presented by both parties and

Fogarty would have had an opportunity to explore and possibly

discredit Cragg's assertions. We decline to entertain new

arguments which were not presented in Cragg's opposition to"

Fogarty’s preliminary motion 12.

. 5

Accordingly, we address only those arguments of Cragg which

were raised in its opposition to Fogarty's preliminary motion 12.

Cragg argues that Fogarty’s preliminary motion 12 was based
‘L

on the representation in Cragg's preliminary statement that

Michael D. Date was the inventor for the subject matter of the

. count, and yet applicable precedent indicates that preliminary
1

Vstatements-can only be used as an effective admission of.the

léraggls argument

4

earliest or limiting date of invention provable by the party. 

e ‘fi:§'é:Zi'i:fcii'ang'es to 35 U.'s.c. § 116 

and a corresponding change to 37 CFR § 1.622 regarding the

content of preliminary statements. Cragg's argument is rejected.

There are many precedents, including the one cited by Cragg,‘

Dewey V. Lawton, 347 F.2d 629, 631, 146 é§PQ 187, 188 (CCPA

1965), which set forth the law that the date alleged in a party's

preliminary statement only constitutes a limiting date. Thus,

although a party may prove a date of invention that is earlier or

later than the alleged date, it cannot be entitled to a date that

is prior to the alleged date. Those cases all focus on

-14-
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the assertion of a date of invention and are not concerned with

any identification of inventorship in the preliminary statement.

Identification of inventorship did not become a requirement for

preliminary statements until an amendment was made to 37 CFR §

1.622 in 1984 when Title 35, United States Code, was amended to
a

provide that not every named inventor has to have made a

contribution to every claim in a patent application. In

pertinent part, 35 U.S.C. § 116 now states:
. "\_-

§ 1l6 .:Inventors

When an invention is made by two or more persons

jointly, they shall apply for patent jointly andgeach
_ make the required oath, except as otherwise provided in

this title, Inventors may apply for a patent join£ly '
"even though (1) they did not physically work together
or at the same time,_(2)-each did not make the same
type or amount of contribution, or (3) each did not
make a contribution to the subject matter of-every
claim of the patent.

Thus, when an application is filed which names multiple

inventors, it is not known which inventor(s) contributed to the

subject matter of which claims, or to the count in an_,._.

interference, even though that information may be relevant to the

requirements for accordance of benefit in an interference. Rule

1.622, as amended in 1984, partially addresses that problem by

requiring in a preliminary statement identification of the

inventors of the subject matter of the count. It reads, in

pertinent part:
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(a) A party's preliminary statement must identify
the inventor who made the invention defined by each
"count and must state on behalf of the inventor the

facts required by paragraph (a) of SS 1.623, 1.624, and
- 1.625 as may be appropriate. . . . '

Thus, the established precedent focusing on the effect of

assertions of invention dates and not concerned with_-1.

identification of inventorship are not apposite.

Cragg argues:

Rule 629, entitled “Effect of preliminary statement,”
is the only rule that addresses the"consequences for
allegations made in a preliminary statement, such

' consequences being limited to dates and issues of

proving priority. Importantly,.Rule 629 was amended at
the same time Rule=622 was amended (in 1984) to require

identification of inventors in a_preliminary statement,
-but the amendment did not create an admission as to '
inventorship. Rule 629(a) states:

A party shall be held to any date alleged in
the preliminary statement. ’Doubts as to"

definiteness or sufficiency of any allegation
in a preliminary statement . . . will be

resolved against the party filing the

statement by restricting the party to its

effective date or the latest date of a period
alleged in the preliminary statement.

(Emphasis in original).
-

.'

But again, this rule focuses on the effect of assertions as to a

date of invention. It is concerned with ambiguities or -1

indefiniteness in the assertion of a date of invention, and is

not concerned with anything about the naming of inventors. The

rule-gives notice of something not so plain and obvious, i.e.,

that if a range of dates is asserted, then the party making the

-16..
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assertion is limited to the latest of such dates. For instance,

_ if a party asserts that its invention was made_in a period from

January through March of a certain year, then the earliest date

of invention the party is entitled would be March 31st.

There need not be a rule to state that which is plainly so,I1

e. ., that what a party represents to an administrative tribunal

or an opposing party can be used against the party if the

"re resentation is relevant to an adjudication of the party's ownp 1L -

rights or the rights between the parties, Party Cragg is not

charged with a crime and is not_being interrogated in‘a criminal

_ investigation such that it must be “mirandized” —— warned that
1?

:'anything it says can and will be used against it in a court of

"law -v befiore it makes a usable statement. What is important is

that party Cragg be given an opportunity to explain or correct

any misstatement it might have made and which has been relied

upon by either the tribunal or the opposing party. There was

ample such opportunity in this case. «-
',.

Concurrently with the filing of its opposition to Fogarty’s

preliminary motion 12, Cragg filed a motion under 37 CFR § 1.628

to amend or correct its preliminary statement, to name not just

Michael D. Dake as the only inventor of the subject matter of the

count, but Andrew H. Cragg and Michael D. Dake as co—inventors.

That was a full opportunity for party Cragg to present all the

_17_
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evidence it wanted to present on the issue, to demonstrate that

it had made an error in only naming Michael D. Dake as the

' inventor of the subject matter of the count. That motion was

denied on April 7, 2000, in Paper No. 130. Party Cragg requested

reconsideration of that decision. The original decision was

adhered to in a reconsideration decision on.June'27, 2000, in

Paper No. 146. Party Cragg has not sought review of that

decision at final hearing.
' . ‘E.

Party Cragg further argues that the outcome here is unfair

because as the original senior party it need not have filed a

preliminary statement, and if it did.not file a.preliminary,
J 3

‘statement, then none of this would have ensuedtfl The argument is

_ rejected. If Cragg had not filed a preliminary statement, it

would not have revealed information which ultimately led to its

being deprived of benefit to the earlier filing dates of foreign

applications. But this result is not unfair if, as it is here,

ball pertinent information were.known, Cragg would not be.(

entitled, under the law, to those earlier filing dates. Cragg

had ample opportunity to show that the information it had first

given was a mistake but failed to make a successful showing;

When 35 U.S.C. § 116 was amended in 1984 to permit co-

inventors to be jointly listed as inventors without all of them

having contributed to each and every claim in an application, a

_ _.
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corresponding change was made in 35 U.S.C. § 120 (relating to

benefit to the earlier filing date of-previously filed United

States applications) to require not identity but merely an

overlap of inventor(s) between the application seeking benefit

and the earlier filed application. The change to 35 U.S.C. § 120

was necessary because additional or non-overlapping inventors may
be present due to the inclusion of claims drawn to different

subject matter. No such change was necessary; however, with
respect to the requirement of 35 U.S.C. § 119 that the person who

has filed for a patent on an invention (here the invention of theI

"- count) must have previously regularly filed for a patent on the
._ _ . . _ §- 3

same invention in a foreign country, whether it is through'legal

representatives or assigns. .Indeed, no change was made. The'»;'- ‘-'~¢-33,‘.-.'»

fcontexts and requirements of 35 bjs.c. § 119 and 35 U.S.C. § 120

are different. That Michael D. Dake being a sole inventor for

the subject matter of the count is not a problem under 35 U.S.C.

§ 120 with respect to earlier filed United States applications

does not mean Cragg can expect that it should also not be»a

problem insofar as benefit to foreign applications are concerned.

Satisfaction of requirements under 35 U.S.C. § 120 entitles a

party only to the earlier filing date of a previously filed

United States application, not a foreign application.

1349



1350

. _ '-_..__V- _
) .

Interference No. 104,192
Cragg v. Martin V. Fogarty

Alternatively, even assuming that Cragg’s identification of

Michael D, Dake as the only inventor for the subject matter of

the count is a mistake and that Cragg has been allowed to amend

count, that still does not help party Cragg in any meaningful

way. Like Michael D. Dake, Andrew H. Cragg also did not assign

his rights to MinTec, Inc- until after European application
-5 .

EP94400284.9_was filed on February 9, 1994, and European

application EP9440l306.9 was filed on June 10, 1994.

Cragg’s Exhibit CE1021 is an assignment from Andrew Cragg,
Claude Mialhe, George Goicoechea,_and John-Hudson to MI§TEC, lNC.
It was executed by-Andrew H. Cragg on August 25, 1994.
Accordingly, MINTEC-SARL was not an assign of either Michael D.

Dake nor Andrew H. Cragg when it filed European applications

EP94400284.9 and EP9440l306.9. In that connection, we vacate the

Board's previous finding in paragraph no. 7 of Paper No. 130

which stated:' “The European applications EP94400284.9 and

EP94401306.9 were filed by the assignee MINTEC SARL on behalf of

inventors Andrew H. Cragg, George Goicoechea, John Hudson, and

Claude Mialhe.” That finding was made when the question of when

‘Andrew H. Cragg assigned his rights was not an issue and also

prior to party Cragg’s representation to the Board in its request
-20..
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for reconsideration of the Board's granting of Fogarty’s

preliminary motion 12 that Andrew H. Cragg did not assign his

rights to Mintec until several months after the European

applications were filed. It lacks adequate basis in the recQrd.5
Cragg still further argues that because it has been accorded

benefit to the September 27, 1994 filing date ofgapplication

08/312,881 (granting of Cragg’s preliminary motion 7) and because

that application claims foreign priorityflto EP94400284.9 and

EP9440l306.9b which claim was granted by an examiner and not

challenged in this interference, it still should'have benefit of

‘the filing dates of_EP94400284.9 and EP9440130§.9. VThe argument2‘

‘is without merit,

As the Board's decision on reconsideration (Paper No, 138)

has stated on page 6:

Benefit to the two European applications cannot be

obtained indirectly through the intermediate

application 08/312,881, where the required overlap in
inventor/filer is missing between the involved _
application and the European applications. This is not

the same issue as satisfying the “filing within one

year requirement of § 119" through an intermediary
United States parent application. '

 

5 Our authority and discretion to vacate the previous
finding does not depend on whether Fogarty has asked the Board to
reconsider the finding or when the request by Fogarty was made.
We dismiss Cragg’s argument that Fogarty was late in asking the
Board to reconsider the previous finding.

_2]__
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_ Cragg has offered no reason why the above—quoted analysis is

erroneous. Here, we add the following observations.

Having benefit to_the 9/27/94 filing date of application

'08/312,881 means Cragg’s involved application is deemed to have

been filed not on the actual filing date of Juneffi, 1995, but on

September 27, 1994. That brings Cragg’s involved application

much closer in time, by approximately 8 months, to any foreign

application with respect to which it desires to be accorded

benefit. ‘With that shortening of the time gap, it is easier to

satisfy the “within_twelve months” time requirement of 35 U.S.C.

'-,§ 119. It does not mean Cragg’s involved_application stands in

"the shoes or otherwise takes the place of the earlier filed

Tdomestic application. Benefit is still considered from the‘

perspective of the claims or counts at issue in Cragg’s involved

application. Whether application 08/312,881 is entitled to

‘ benefit with respect to any claim contained therein is

irrelevant, not at issue, and has not been determined in this

_ proceeding. We are concerned with the claims of Cragg‘s involved

application and the count in this interference. Fogarty is also

correct in stating (Opp. Brief at 8):

Cragg’s further argument on page 24 that 35 USC § 119

priority “has not been challenged” for Serial No.

08/312,881 also is irrelevant. In the context of an

interference, rights under 35 USC § 119 and § 120 arise

with respect to an embodiment within the count in a

-22-
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‘benefit application. Hunt v. Treppschuh, 523 F.2d"
1386, 187 USPQ 426 (CCPA 1975). It is thus inaccurate

to speak of priority between applications,without
-reference to claims and/or a count. (Emphasis in

original.)

For the foregoing reasons, Cragg has shown no error in the

motion panel's granting of Fogarty’s_preliminary motion 12.
. f

B. Fogarty's Preliminary Motions 8 and 10

In a decision mailed February 11, 2000 (Paper 00. 108), the

motions panel denied Fogarty's preliminary motion 8 under 37 CFR'13 -

.§ 1.633(e)(1) which sought to declare another interference

' 08/684,508 of Fogarty and claim 89 of Craggfs involved

between proposed new claim 62 of an uninvolved application

=5.
application 08/461,402, and claim_1 of Martin's involved'Patent

_ No. 5,575,8l7. The decision gave two grounds—for denying the

preliminary motion:

(1) that the proposed new interference is barred

by 35 U.S.C. § l35(b) because no claim which is the
same-or substantially the same as Martin's supposedly

interfering patent claim 1 had been made by Fogarty
within the critical one year period of 35 U.S.C.

§ 135(b); and ;'

(2) that Fogarty failed to demonstrate that there
is'interference-in-fact between the allegedly
interfering claims.

Fogarty argues, first, that we misapplied the requirements

of 35 U.S.C. § l35(b) and that if correctly applied, the

requirements of 35 U.S.C. § l35(b) are met. Fogarty further

_23._
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_argues that there is no requirement in 37 CFR § 1.637 or

otherwise, in connection with a preliminary motion to declare an

additional interference, that the moving party has to demonstrate

.the existence of an interference-in-fact between the allegedly

interfering claims.

1. Interference—In-Fact

.According to Fogarty, it can find nothing in the

interference rules which requires that in order for a preliminary
' ' it

motion to declare an additional interference to be granted, they

preliminary motion must establish or demonstrate that an

interference—in—fact exists between the claims sought to be

:involved in the additional interference. While there may be no

‘express requirement,_the decision on preliminary motions (Paper'

No. 108) on page 33, lines 18:85, states that the requirement is

an implicit one:

Secondly, it is implicit that to demonstrate

entitlement to the declaration_df an additional '

interference as is requested in Fogarty's motion;

_ ‘Fogarty must demonstrate that therexis interference—in—
fact between Goicoechea's [Cragg after deleting

Goicoechea as a co-inventor] application claim 89 and
claim 62 of Fogarty’s uninvolved application

08/684,508. (Emphasis added.)

Party Fogarty’s brief at final hearing does not explain why

it is not an implicit requirement that a motion to have an

-24-
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interference declared must demonstrate that the claims said to

interfere with each other actually interfere_with each other,

iLe., that there is interference—in—fact between the allegedly

interfering claims. Moreover, the very first sentence of 37

CFR § l.637(a) is this: “A party filing a motion has the burden

of proof to show that it is entitled to the religf sought in the
motion.“ (Emphasis added)..

We decline to simply take a moving party's word that one of
its claims interferes with one or more claims of other parties.
We reiterate our holding in the decision on preliminary motions

that it is an implicit requirement for a_preliminary-mqtion to
have another interference declared that the motion must

demonstrate that there is interference-in4fact between the

' allegedly interfering claims. Fogartyfs brief at final hearing

does not address the point of “implicit” requirement and thus has

not shown that the motion panel was erroneous.

Fogarty also asserts that in any event the Board's two—way9'f

interference—in—fact analysis follows the Trial Section’s

precedential decision in Winter V. Fujita, 53 USPQ2d l234_(Bd.

Pat. App. & Int- 1999), but that was not the criteria in October

1998 when preliminary motions were filed in this proceeding. We

suppose that what Fogarty is arguing is that had it known of the

two—way analysis requirement at the time it filed its preliminary

_2S_
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motion 8, it could have tried to demonstrate satisfaction of the

two-way requirement. That is true, but as was explained in our

initial decision, Fogarty has failed to explain why there is

interference—in—fact, in either direction, e.g., neither from

Martin's claim 1 or Cragg’s claim 99 to Fogarty’s claim 62, nor

from Fogarty’s claim 62 to Martin's claim 1 or pragg’s claim 89.‘

Note also that the declaration of an interference is a

discretionary matter. See Ewing V. Fowler Car Co., 244 U-S. 1,
» Q‘:-

10—11 (1917):(explicitly rejecting the assertion of an

applicant's right to declaration of an interference). It is_not'

an abuse of discretion to not declare an interference where the

‘moving party has not demonstrated that there is a conflict or

interference¥in—fact between opposing claims, regardless of,

whether the interference rules expressly require a demonstration

of conflicting subject matter or interference—in—fact.

."9’

6 The motion panel's decision observed that Fogarty's
position that Cragg’s claim 89 and Martin's claim 1 are

unpatentable over prior art while Fogarty’s claim 62 is

patentable over that same prior art is contrary to the position
that Fogarty’s claim 62 defines the same patentable invention as

Cragg’s claim 89 and Martin's claim 1. Fogarty’s brief at final

hearing points out that the motion panel rejected Fogarty’s prior
art argument and that Cragg has not sought review of that issue.
But at best the circumstance pointed out by Cragg only eliminates

an apparent inconsistency. It does not demonstrate affirmatively
that the claims define the same patentable invention.

...26_
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2. 35 U.S.C. § 1351b) Bar

1 There is no dispute that Fogarty's amendment in its

uninvolved application 08/684,508, proposing to add claim 62 to

provoke an interference with claim 89 of Cragg’s application

08/461,402 and claim 1 of Martin's Patent No. 5,575,817, is filed

more than one year after the date of issuance of£Martin's Patent
No. 5,575,817. The question at issue is whether Fogarty had

another claim, drawn to the same or substantially the same

invention as.Martin's claim 1, that was pending within one year

subsequent to the date of issuance of the Martin patent. If so,r

4.4

In pertinent part, 35 ULSQC. § l35(b) states:

. A A claim.which_is the same as, or for the same or
substantially the-same subject matter as, a claim of an
issued patent may not be made in any application unless

such a claim is made prior to one year from the date on

which the patent was granted.

Even though the new interference proposed by Fogarty

involves claim 1 of Martin's patent, Fogarty attempted toI

demonstrate that it had a claim drawn to substantially the same

subject matter as Martin's claim 1 by showing that it was

claiming, within the critical one year period, the same invention

as Martin's claim 2. Martin's claim 2 depends from claim 1 and

in independent form represents the count of this interference.
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In the motion panel's initial decision (Paper No. 108, pages‘

52-53), it was stated:

There is no indication anywhere by any_party that
Fogarty's uninvolved application 08[684,S08 had a claim
drawn to substantially the same subject matter as

Martin's claim 2. While Fogarty's involved application
[08/463,836] in this interference include claims which
correspond to the count which is Martin's claim 2, that

does not mean Fogarty’s uninvolved application
08/684,508 has at any time included a claim drawn to‘
substantially the same subject matter as Martin's claim
2. _ .

In its brief for final hearing, Fogdrty argues that so long

I as it was claiming the required subject matter in some earlier

application within one year of the issuance of the Martin patent,

it passes_muster under 35 Ulsica § 135}bl. :Eogarty~cit§s two

sdecisions of the Court.of Customs5and'Patent Appeals, In re

».Schutte, 244 F.2d 323, 113 USPQ 537 (CCPA 1981)'and Corbett v.

Chisholm, 568 F.2d 759, 196 USPQ 337 (CCPA 1977), two decisions

of the Board of Patent Interferences, Tezuka v. Wilson, 224 USPQ

1030, 1036 (Bd. Pat. Int. 1984), 011d v. Duerr, 175 USPQ 707 (Bd.

Pat. Int, 1972), and one decision of the¢Board of Patent Appeals

and Interferences, Bowen v. Bihlmaier, 231 USPQ 662 (Ed. Pat.

App. & Int. 1986), in support of its view. Fogarty points out

that its uninvolved application 08/684,508 is a file wrapper

continuation of application O8/255,681, to which it has been

_ 23 _
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