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Customer Number 

PATENT 
Attorney Docket No.: 56782.1.7 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Application No.: 

Stephen E. Hidem 

12/137,364 Group Art Unit: 3763 

Filed: June 11, 2008 Examiner: ZHANG, Jenna 

Title: INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED 
MAINTENANCE AND/OR OPERATION AND METHODS OF USE 

Mail Stop FINAL 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

AMENDMENT 

In response to the Final Office Action mailed May 28, 2013, the period of response for 

which runs through August 28, 2013, please amend the application as follows. This Amendment 

is accompanied by a Request for Continued Examination under 3 7 C.F.R. § 1.114 and constitutes 

a sufficient submission. 

Amendments to the Claims are reflected in the listing of claims which begins on page 

2 of this paper. 

Remarks begin on page 9 of this paper. 
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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions and listings of claims in the application. 

Listing of Claims: 

1. (Currently Amended) A method for operating an infusion system, the system comprising an 

eluant reservoir, a pump coupled to the reservoir, an infusion tubing circuit, a radioisotope 

generator, an activity detector, a waste bottle and a computer including a computer interface, the 

infusion tubing circuit including an eluant line coupled to the pump and to the generator, a waste 

line coupled to the generator and to the waste bottle, and a patient line coupled to the generator, 

the method comprising: 

entering, into the computer, via the computer interface, a command to activate the pump in 

order to generate an eluate from a portion of a volume of eluant pumped through the 

generator, via an elution within the generator; 

receiving an indication that the elution is completed, from the computer, via the computer 

interface, that the elution is completed, when the pump has completed pumping the 

portion of the volume of eluant; and 

receiving from the computer, via the computer interface, a display of time lapsed since the 

elution was completed. 

2. (Original) The method of claim 1, further comprising: 

entering, into the computer, via a computer interface, the volume of eluant contained in the 

reservoir, prior to the elution; and 

receiving, from the computer interface, an indication of a volume of eluant in the reservoir, 

based upon tracking the portion of the volume of eluant that is pumped from the 

reservoir. 
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3. (Previously Presented) The method of claim 1, further comprising: 

coupling the patient line of the infusion tubing circuit to a first shielded test vial, in order to 

collect a first sample of the eluate from the patient line during the elution; 

measuring an activity of the first sample; and 

entering into the computer, via the computer interface, the measured activity of the first 

sample and a time between completion of the elution and the measuring of the activity, 

the computer calculating a breakthrough of the generator. 

4. (Original) The method of claim 3, further comprising: 

selecting a breakthrough test procedure of the computer, via the computer interface, prior to 

entering the command to activate the pump; and 

wherein coupling the patient line to the first shielded test vial is instructed by the computer 

interface, after selecting the breakthrough test. 

5. (Previously Presented) The method of claim 3, further comprising: 

exchanging the patient line of the infusion tubing circuit for a first new patient line, after 

collecting the first sample; 

coupling the first new patient line to a second shielded test vial; 

repeating the steps of claim 1, after exchanging the patient line, wherein the pump is 

activated a second time and a second elution takes place, in order to fill the second vial 

with a second sample of the eluate from the first new patient line; 

measuring an activity of the second sample; and 

entering into the computer, via the computer interface, the measured activity of the second 

sample and a time between completion of the second elution and the measuring of the 

activity of the second sample, the computer calculating a calibration coefficient for the 

infusion system based on the measured activity of the second sample and an activity of 

the eluate detected, during the second elution, by the activity detector of the system. 
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6. (Original) The method of claim 5, further comprising: 

selecting a calibration procedure of the computer, via the computer interface, prior to 

entering the command to activate the pump for the second time; and 

wherein coupling the first new patient line to the second shielded test vial is instructed by the 

computer interface, after selecting the calibration procedure. 

7. (Original) The method of claim 5, further comprising: 

exchanging the first new patient line of the infusion tubing circuit for a second new patient 

line, after the computer calculates the calibration coefficient; 

purging air from the second patient line; 

coupling the second new patient line to a patient, after purging; and 

repeating the steps of claim 1, after exchanging the first new patient line for the second new 

patient line, wherein the pump is activated a third time and a third elution takes place, in 

order to inject a dose of the eluate to the patient from the second patient line. 

8. (Original) The method of claim 7, further comprising receiving a report from the computer, 

upon completion of the third elution, the report including a patient identification number and at 

least one quantification of the dose of the eluate. 

9. (Previously Presented) The method of claim 1, further comprising: 

coupling the patient line to a shielded test vial in order to collect a sample of the eluate from 

the patient line during the elution; 

measuring an activity of the sample; and 

entering into the computer, via the computer interface, the measured activity of the sample 

and a time between completion of the elution and measuring of the activity, the computer 

calculating a calibration coefficient for the infusion system based on the measured 

activity and an activity of the eluate detected, during elution, by the activity detector of 

the system. 
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10. (Original) The method of claim 9, further comprising: 

selecting a calibration procedure of the computer, via the computer interface, prior to 

entering the command to activate the pump; and 

wherein coupling the patient line to the shielded test vial is instructed by the computer 

interface, after selecting the calibration procedure. 

11. (Original) The method of claim 1, further comprising: 

purging air from the patient line; 

coupling the patient line to a patient, after purging, in order to inject a dose of the eluate to 

the patient from the patient line; and 

receiving a report from the computer, upon completion of the elution, the report including a 

patient identification number and at least one quantification of the dose of the eluate. 

12. (Original) The method of claim 1, wherein the computer interface comprises a touch­

activated display screen. 

13. (Original) The method of claim 1, further comprising: 

receiving an indication, from the system, that the eluate is being diverted, from the generator, 

through the waste line of the infusion tubing circuit, when the pump is activated; 

receiving an indication, from the system, that the eluate is being diverted from the generator, 

through the patient line of the infusion tubing circuit, when the pump is activated; 

14. (Original) The method of claim 13, wherein: 

the system further comprises a light projector; 

the indication that the eluate is being diverted through the waste line comprises a flashing 

light projection from the light projector; and 

the indication that the eluate is being diverted through the patient line comprises a solid light 

projection from the light projector. 

15. (Original) The method of claim 13, further comprising receiving an indication from the 

system that a peak bolus of radioactivity has been detected, in the eluate, by the activity detector. 
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16. (Original) The method of claim 15, wherein: 

the system further comprises a light projector; and 

the indication that the peak bolus of radioactivity has been detected comprises a flashing light 

from the light projector. 

17. (Original) The method of claim 1, further comprising: 

entering, into the computer, via the computer interface, a command to set a waste bottle level 

indicator to zero, when the waste bottle is empty and prior to entering the command to 

activate the pump; and 

receiving, from the computer, via the computer interface, an indication that the waste bottle 

needs to be emptied, based upon the computer tracking a volume of the eluate that is 

diverted, from the generator, through the waste line of the infusion tubing circuit. 

18. (Withdrawn) A computer readable medium having computer executable instructions for 

executing a method for maintaining an infusion system, the method comprising: 

receiving, via a graphical user interface, a volume of eluant contained in a reservoir of the 

infusion system prior to activating a pump of the infusion system to pump a portion of the 

volume of eluant through a radioisotope generator of the system in order to generate, via 

elution, an eluate; 

tracking the portion of the volume of eluant that is pumped from the reservoir; 

providing an indication of a volume of eluant within the reservoir; and 

tracking a volume of the eluate that is diverted from the generator to the waste bottle; 

providing an indication that the waste bottle needs to be emptied. 

19. (Canceled) 

20. (Withdrawn) A computer readable medium having computer executable instructions for 

executing a method of calibrating an activity detector of an infusion system, the method 

compnsmg: 

receiving a calibration command; 
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receiving calibration parameters relating to an elution process; 

activating a pump of the infusion system to initiate the elution process, the elution process 

producing a sample of an eluate; 

tracking a time from the end of the elution process; 

receiving from the activity detector of the infusion system an activity level detected during 

the elution process; 

receiving a measured activity level of the eluate sample obtained from a dose calibrator; 

receiving a time measured from the completion of the elution process to the measurement of 

the activity level by the dose calibrator; 

calculating a calibration coefficient for the infusion system based on the measured activity 

level of the eluate sample and activity level detected during the elution process; and 

providing the calibration coefficient as an output. 

21. (Withdrawn) A computer readable medium having computer executable instructions for 

executing a method of conducting a breakthrough test of a radioisotope generator of an infusion 

system, the method comprising: 

receiving a breakthrough test command; 

activating a pump of the infusion system to initiate an elution process, the elution process 

using the generator to produce a sample of an eluate from a patient line; 

tracking a time lapsed from the end of the elution process; 

receiving a measured activity level of the eluate sample obtained from a dose calibrator; 

receiving a time measured from the completion of the elution process to the measurement of 

the activity level by the dose calibrator; 

calculating a breakthrough of the radioisotope generator based on the measured activity level 

and the time between completion of the elution process and the measuring of the activity 

level; and 

providing the breakthrough of the generator as an output. 

669 of 2568



Application No. 12/137,364 
Response to Final Office Action date May 28, 2013 

22. (Withdrawn) The computer readable medium of claim 21, further comprising: 

receiving a second measured activity level of the eluate sample obtained from a dose 

calibrator, the second measured activity level being a measurement taken at 

predetermined time period after the completion of the elution process. 

23. (Withdrawn) The computer readable medium of claim 21, wherein the predetermined time 

period is 60 minutes after completion of the elution process. 

24. (Withdrawn) A method for purging a tubing circuit of an infusion system with air, the 

system comprising a pump coupled to the tubing circuit, a radioisotope generator, a waste bottle 

and a computer including a computer interface, the method comprising: 

receiving instructions from the computer, via the computer interface, to disconnect the pump 

from an eluant reservoir of the system, and to by-pass the generator by disconnecting an 

eluant line and an eluate line, of the tubing circuit, from the generator, and connecting the 

eluant line to the eluate line; and 

entering, into the computer, via the computer interface, a command to perform an air purge 

of the tubing circuit, the air purge being automated, via the computer, to perform purges 

of individual portions of the tubing circuit, in sequence, via control of the pump and of 

two divergence valves of the tubing circuit; 

wherein a first valve, of the two divergence valves, is located between a first portion of the 

eluate line and two downstream portions of the eluate line, a first of the two downstream 

portions extending to a waste bottle of the system and a second of the two downstream 

portions extending to a vial outside the system; 

a second valve, of the two divergence valves, is located between a first portion of the eluant 

line, extending from the pump, and two downstream portions of the eluant line, a first of 

the two downstream portions of the eluant line being connected to the first portion of the 

eluate line, and a second of the two downstream portions of the eluant line being 

connected to the second of the two downstream portions of the eluate line. 

25. (New) The method of claim 1, wherein the display of time lapsed comprises a display of a 

timer. 
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REMARKS 

This Amendment is responsive to the Final Office Action dated May 28, 2013. Applicant 

has amended independent claim 1, canceled claim 19, and added new claim 25. No new matter 

has been added by way of the amendments, and support for the amendments can be found 

throughout Applicant's original disclosure including, e.g., at paragraph [ 55]. Claims 1-18 and 

20-25 will be pending upon entry of this Amendment with claims 18-24 withdrawn from 

consideration. Reconsideration of the application is respectfully requested. 

Interview Summary 

Applicant thanks the Examiner for her time and the courtesies extended during the 

telephonic interview conducted on August 7, 2013. Examiner Jenna Zhang and Applicant's 

representative Paul J. LaVanway, Jr. (Reg. No. 64,610) were involved in the telephonic 

interview. The parties discussed rejected independent claim 1. The parties also discussed 

Bergner et al. (US 4,585,941, hereinafter "Bergner") and Mozley et al. (US 3,714,429, 

hereinafter "Mozley"), which were cited in the Final Office Action dated May 28, 2013. No 

exhibits were introduced or discussed. 

Applicant's representative noted distinctions between independent claim 1 and the 

applied references. For example, Applicant's representative discussed how independent claim 1 

specified that "elution is completed, when the pump has completed pumping the portion of the 

volume of eluant" and how the claim also required "receiving from the computer, via the 

computer interface, a display of time lapsed since the elution was completed." Applicant's 

representative submitted that neither Bergner nor Mozley disclosed or suggested the features of 

independent claim 1. 

The Examiner acknowledged the distinctions between independent claim 1 and the 

Bergner and Mozley references. The Examiner further suggested making clarifying amendments 

to independent claim 1 consistent with the amendment presented here. Agreement was reached 

that independent claim 1, particularly as amended herein, was distinguishable from the rejections 

ofrecord. 
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Claim Rejections Under 35 U.S.C. § 103(a) 

In the Final Office Action, claims 1, 2, 9 and 11 were rejected under 35 U.S.C. § 103(a) 

as purportedly being unpatentable over Bergner in view of Mozley. In addition, claims 3-8 were 

rejected under 35 U.S.C. § 103(a) as purportedly being unpatentable over Bergner in view of 

Mozley and further in view of Gerhart (US 3,774,036); claim 12 was rejected under 35 U.S.C. § 

103(a) as purportedly being unpatentable over Bergner in view of Mozley and further in view of 

Graves et al. (US 7,163,031, hereinafter "Graves"); and claim 17 was rejected under 35 U.S.C. § 

103(a) as purportedly being unpatentable over Bergner in view of Mozley and further in view of 

Agarwal et al. (US 4,096,859, hereinafter "Agarwal"). 

As discussed and agreed during the telephonic interview, Bergner in view of Mozley does 

not disclose or suggest all the features of independent claim 1, particularly as independent claim 

1 is amended herein. Nothing in the other references cited in the Office Action overcomes the 

deficiencies in Bergner and Mozley. Accordingly, in view of the agreement reached during the 

telephonic interview, Applicant requests reconsideration and withdrawal of the outstanding 

rejection against independent claim 1. Claims 2-17 and 25 depend from independent claim 1 

and are therefore patentable at least by virtue of their dependency from the independent claim, as 

well as in their own right. 

672 of 2568



Application No. 12/137,364 
Response to Final Office Action date May 28, 2013 

CONCLUSION 

It is submitted that all claims in this application are in condition for allowance. Applicant 

respectfully requests reconsideration and prompt allowance of all pending claims. 

In view of the differences identified above, Applicant reserves further comment 

concerning the additional features set forth in the claims. However, Applicant does not 

acquiesce in the propriety of the Office Action's application or interpretation of the references 

with respect to the claims, and reserves the right to present additional arguments in any further 

prosecution of this application. 

The Commissioner is authorized to charge any deficiencies and credit any overpayments 

to Deposit Account No. 06-1910. The Examiner is invited to telephone the undersigned attorney 

to discuss this application. 

Dated: August 28, 2013 

FREDRIKSON & BYRON, P.A. 
200 South Sixth Street, Suite 4000 
Minneapolis, MN 55402-1425 USA 
Telephone: (612) 492-7387 
Facsimile: (612) 492-7077 

Respectfully submitted, 

/Paul J. LaVanway, Jr./ 

Paul J. La Vanway, Jr. 
Registration No. 64,610 

Please grant any extension of time necessary for entry; charge any fee due to Deposit Account No. 06-1910. 

7223790 l.DOC 
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Application No. 

12/137,364 
Applicant-Initiated Interview Summary 

Examiner 

JENNA ZHANG 

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

(1) JENNA ZHANG. 

(2) PAUL LAVANWAY. 

Date of Interview: 07 August 2013. 

Type: IZI Telephonic 0 Video Conference 
0 Personal [copy given to: 0 applicant 

Exhibit shown or demonstration conducted: 0 Yes 
If Yes, brief description: __ . 

(3) __ . 

(4) __ . 

0 applicant's representative] 

0No. 

Issues Discussed 0101 0112 0102 IZl103 OOthers 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: j. 

Identification of prior art discussed: Bergner (US Pat. No. 4.585.9411. 

Substance of Interview 

Applicant(s) 

HIDEM ET AL. 

Art Unit 

3763 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Applicant explained how the instant invention is different from Bergner noting in particular how the reference of 
Bergner does not provide a basis for obviousness for the claimed invention. Examiner explained the interpretation of 
the claims and further explained how Bergner provides a basis for one of ordinarv skills to perform the method steps 
as claimed. However. Examiner agreed with Applicant the distinction between the instant invention and Bergner and 
suggested amending the claims to highlight this distinction. Examiner further agrees that the proposed amendments 
would be sufficient to distinguishing the claimed invention from the current grounds of rejection. 

Applicant recordation instructions: 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 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

0 Attachment 

/J. Z./ /Nicholas D Lucchesi/ 
Examiner, Art Unit 3763 Supervisory Patent Examiner, Art Unit 3763 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 8/11/2010) Interview Summary PaperNo.20130807 
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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 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 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 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 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 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) 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 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 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 of the 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 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 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, 
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 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 examiner's initials. 
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1. In response to the Responses filed on April 17, 2012 and May 17, 2012, no 

claims are amended. Currently, claims 1-17 are still pending. 

Claim Rejections - 35 USC § 103 

2. 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. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

3. This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 
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consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

4. Claims 1, 2, 9, and 11 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Bergner (US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 

3, 714,429). 

Regarding claim 1, Bergner teaches a method for operating an infusion system, 

the system comprising: an eluant reservoir, a pump (64) coupled to the reservoir, an 

infusion tubing circuit (Fig. 1 ), a radioisotope generator (28), an activity detector (58), a 

waste bottle (42) and a computer (60, 62) including a computer interface, the infusion 

tubing circuit including an eluant line coupled to the pump and to the generator, a waste 

line coupled to the generator and to the waste bottle, and a patient line coupled to the 

generator (col. 3, line 23 until col. 4, line 53; Fig. 1 ), the method comprising: 

entering, into the computer, via the computer interface, a command to 

activate the pump in order to generate an eluate from a portion of a volume of 

eluant pumped through the generator, via an elution within the generator; 

receiving an indication, from the computer, via the computer interface, that 

the elution is completed, when the pump has completed pumping the portion of 

the volume of eluant; and 

receiving an indication, from the computer, via the computer interface, of 

time lapsed since the elution was completed (col. 4, line 7 until col. 6, line 19). 
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Although Bergner discloses that an indication received, Bergner does not teach 

that a display of time is received form the computer as required by the instant claims. It 

is noted, however, that Mozley et al teaches that receiving and displaying the time 

elapsed to show the user the radioactivity distribution of the treatment (col. 7, line 66 

until col. 10, line 30). Therefore, it would have been obvious to one of ordinary skill in 

the art at the time of the invention to modify the method of operating an infusion system 

of Bergner with the feature of receiving from the computer, via the computer interface, a 

display of time lapsed since the elution was completed as taught by Mozley et al such 

that the radioactivity distribution can be seen by the user. 

Regarding claim 2, Bergner teaches entering, into the computer (60, 62), via a 

computer interface, the volume of eluant contained in the reservoir, prior to the elution; 

and receiving, from the computer interface, an indication of a volume of eluant in the 

reservoir, based upon tracking the portion of the volume of eluant that is pumped from 

the reservoir (col. 4, line 4 until col. 5, line 32). 

Regarding claim 9, Bergner teaches coupling the patient line to a shielded test 

vial in order to collect a sample of the eluate from the patient line during the elution; 

measuring an activity of the sample; and entering into the computer, via the computer 

interface, the measured activity of the sample and a time between completion of the 

elution and measuring of the activity, so that the computer may calculate a calibration 

coefficient for the infusion system based on the measured activity and an activity of the 

eluate detected, during elution, by the activity detector of the system (col. 6, line 21 until 

col. 9, line 48). 
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Regarding claim 10, Bergner teaches selecting a calibration procedure of the 

computer, via the computer interface, prior to entering the command to activate the 

pump (col. 4, line 26 until col. 9, line 48) but does not teach that the step of coupling the 

patient line to the shielded test vial is instructed by the computer interface, after 

selecting the calibration procedure. However, it would have been obvious to one of 

ordinary skill in the art at the time of the invention to modify the device of Bergner so 

that the controllers 60, 62 would notify the user to perform the step of coupling the 

patient line to the shielded test vial for an automated reminder to the user to increase 

the safety of the treatment. 

Regarding claim 11, Bergner teaches purging air from the patient line; coupling 

the patient line to a patient, after purging, in order to inject a dose of the eluate to the 

patient from the patient line; and receiving a report from the computer, upon completion 

of the elution, the report including a patient identification number and at least one 

quantification of the dose of the eluate (col. 3, line 63 until col. 4, line 6 and lines 36-53; 

col. 6, lines 1-19). 

Regarding claims 13-16, Bergner teaches 

receiving an indication, from the system, that the eluate is being diverted, 

from the generator, through the waste line of the infusion tubing circuit, when the 

pump is activated; and receiving an indication, from the system, that the eluate is 

being diverted from the generator, through the patient line of the infusion tubing 

circuit, when the pump is activated (col. 5, lines 8-24); 
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receiving an indication from the system that a peak bolus of radioactivity 

has been detected, in the eluate, by the activity detector (col. 7, line 1 until col. 9, 

line 47); and 

wherein the system further comprises a light projector (104, 96, 100, 108; 

col. 9, line 49 until col. 10, line 11); 

Although Bergner teaches the use of flashing and solid light projections from the light 

projector (106, 108) as alerting notifications (col. 11, line 46 until col. 12, line 29), 

Bergner does not teach that the indication that the eluate is being diverted through the 

waste line is a flashing light projection, the indication that the eluate is being diverted 

through the patient line comprises a solid light projection from the light projector, and 

the indication that the peak bolus of radioactivity has been detected comprises a 

flashing light from the light projector. However, it would have been obvious to one of 

ordinary skill in the art at the time of the invention to modify the device of Bergner with 

the use of flashing and solid light projections as the indication that the eluate is being 

diverted through the waste line is a flashing light projection, the indication that the eluate 

is being diverted through the patient line comprises a solid light projection, and the 

indication that the peak bolus of radioactivity has been detected comprises a flashing 

light from the light projector, to provide a notification that alerts the user. 

5. Claims 3-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Bergner (US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 3, 714,429) further 

in view of Gerhart (US Pat. No. 3,774,036). 
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Regarding claim 3, Bergner teaches coupling the patient line of the infusion 

tubing circuit to a first shielded test vial, in order to collect a first sample of the eluate 

from the patient line during the elution; measuring an activity of the first sample; and 

entering into the computer, via the computer interface, the measured activity of the first 

sample and a time between completion of the elution and the measuring of the activity 

(col. 3, line 55 until col. 5, line 68). However, Bergner does not teach method step of the 

computer calculating a breakthrough of the generator as required by the amended 

instant claim. It is noted that Gerhart teaches that breakthrough testing is performed to 

ensure the safety of a radioactive treatment dosage (col. 2, lines 27-39). Therefore, it 

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

modify the method of Bergner with a breakthrough test procedure as taught by Gerhart 

to ensure the safety level of the treatment. Furthermore, it would have been obvious to 

one of ordinary skill in the art at the time of the invention to modify the device of Bergner 

so that the controllers 60, 62 perform the breakthrough test to calculate a breakthrough 

of the generator since the controllers 60, 62 controls the operations of the device of 

Bergner. 

Regarding claim 4, Bergner does not teach selecting a breakthrough test 

procedure of the computer, via the computer interface, prior to entering the command to 

activate the pump; and wherein coupling the patient line to the first shielded test vial is 

instructed by the computer interface, after selecting the breakthrough test. However, as 

explained for claim 3 above, Bergner in view of Gerhart teaches performing a 

breakthrough test procedure prior to entering the command to activate the pump to 
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ensure the safety level of the treatment. Furthermore, it would have been obvious to 

one of ordinary skill in the art at the time of the invention to modify the device of Bergner 

so that the controllers 60, 62 would notify the user to perform the step of coupling the 

patient line to the shielded test vial for an automated reminder to the user to increase 

the safety of the treatment. Hence, the modified method of Bergner in view of Gerhart 

discloses selecting a breakthrough test procedure of the computer, via the computer 

interface, prior to entering the command to activate the pump; and wherein coupling the 

patient line to the first shielded test vial is instructed by the computer interface, after 

selecting the breakthrough test. 

Regarding claim 6, the modified method of Bergner further teaches selecting a 

calibration procedure of the computer, via the computer interface, prior to entering the 

command to activate the pump for the second time; and wherein coupling the first new 

patient line to the second shielded test vial is instructed by the computer interface, after 

selecting the calibration procedure, as set forth for claim 10 (col. 6, line 21 until col. 9, 

line 48). 

Regarding claims 5 and 7, Bergner further teaches repeating the steps of claim 

1, wherein the pump is activated a second time and a second elution takes place, in 

order to fill the second vial with a second sample of the eluate from the first new patient 

line; measuring an activity of the second sample; and entering into the computer, via the 

computer interface, the measured activity of the second sample and a time between 

completion of the second elution and the measuring of the activity of the second 

sample, so that the computer may calculate a calibration coefficient for the infusion 
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system based on the measured activity of the second sample and an activity of the 

eluate detected, during the second elution, by the activity detector of the system. 

Bergner also teaches purging air from the second patient line; and repeating the steps 

of claim 1, wherein the pump is activated a third time and a third elution takes place, in 

order to inject a dose of the eluate to the patient from the second patient line (col. 6, line 

21 until col. 9, line 48). 

Regarding claim 8, Bergner further teaches receiving a report from the 

computer, upon completion of the third elution, the report including a patient 

identification number and at least one quantification of the dose of the eluate (col. 5, 

lines 41-68 and col. 9, line 49 until col. 10, line 11 ). 

6. Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner 

(US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 3, 714,429) further in view 

of Graves et al (US Pat. No. 7, 163,031 B2). 

Regarding claim 12, Bergner teaches the use of displays but does not teach a 

touch-activated display screen. However, it is noted that Graves et al teaches the use 

of a touch screen electronic display screen for inputting and outputting into a computer 

for a radiopharmaceutical delivery device (col. 4, line 53 until col. 5, line 2). Therefore, it 

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

modify the device of Bergner with using a system that has a touch-activated display 

screen as disclosed by Graves et al to consolidate the number of components required 

for inputting and outputting commands and notifications in an infusion device. 
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7. Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner 

(US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 3, 714,429) further in view 

of Agarwal et al (US Pat. No. 4,096,859). 

Regarding claim 17, Bergner teaches the use of a waste bottle and tracking the 

waste level to determine the trigger point (col. 10, lines 12-68) but does not explicitly 

teach entering, into the computer, via the computer interface, a command to set a waste 

bottle level indicator to zero, when the waste bottle is empty and prior to entering the 

command to activate the pump; and receiving, from the computer, via the computer 

interface, an indication that the waste bottle needs to be emptied, based upon the 

computer tracking a volume of the eluate that is diverted, from the generator, through 

the waste line of the infusion tubing circuit. However, Agarwal et al teaches a medical 

delivery device with a waste container in which a controller tracks the waste level to 

alert the user to empty the waste container (col. 5, line 38 until col. 6, line 36). It would 

have been obvious to one of ordinary skill in the art at the time of the invention to modify 

the method of Bergner with the steps of setting initial waste bottle level to zero when the 

bottle is empty and tracking the waste bottle level so that an alert is given to the user 

that the waste bottle is full and needs to be emptied as taught by Agarwal et al, to 

prevent overflowing of waste from the waste bottle. 

It is noted that the modified method of Bergner and Agarwal et al teaches 

entering, into the computer, via the computer interface, a command to set a waste bottle 

level indicator to zero, when the waste bottle is empty and prior to entering the 
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command to activate the pump; and receiving, from the computer, via the computer 

interface, an indication that the waste bottle needs to be emptied, based upon the 

computer tracking a volume of the eluate that is diverted, from the generator, through 

the waste line of the infusion tubing circuit 

Response to Arguments 

8. Applicant's arguments filed on April 20, 2012 and May 17, 2012 have been fully 

considered but they are not persuasive. 

In response to Applicant's argument that Bergner in view of Mozley et al does not 

disclose a method including a display of time lapsed since an elution was completed, it 

is noted that Bergner discloses the importance of tracking the time lapsed between 

elutions because patients can only having a certain amount of radioactive substances 

within their system for a given time period and quantizing of radioactivity of a liquid 

stream (col. 1, lines 64-67; col. 3, line 55 until col. 4, line 65; and col. 5, lines 41-67). 

Although Bergner shows a graph of radioactivity over time, Bergner does not explicitly 

display of time lapse since elution. However, Mozley et al teaches displaying time lapse 

of radioactive distribution. Therefore, it would have been obvious to one of ordinary skill 

in the art that modification of Bergner in view of Mozley et al discloses the step of 

receiving from the computer, via the computer interface, a display of time lapsed since 

the elution was completed. 
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9. 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 

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. 

10. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JENNA ZHANG whose telephone number is (571 )270-

5369. The examiner can normally be reached on Monday-Thursday 8AM - 5PM. 

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

supervisor, Nicholas Lucchesi can be reached on 571-272-4977. 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. 

/J. Z./ 
Examiner, Art Unit 3763 
04/23/2013 

/Nicholas D Lucchesi/ 

Supervisory Patent Examiner, Art Unit 3763 
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information disclosure statement. See 37 CFR 1.97(e)(1 ). 
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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 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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(43) Date of publication: 
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(21) Application number: 12168843.6 

(22) Date of filing: 16.12.2006 

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IS IT LI LT LU LV MC NL PL PT RO SE SI 
SKTR 
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(72) Inventors: 
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Remarks: 
This application was filed on 22-05-2012 as a 
divisional application to the application mentioned 
under INID code 62. 

(54) Systems and methods for radioisotope generation 

(57) Systems and methods are disclosed for produc­
ing customized, predictable, and reproducible supplies 
of radioisotopes using, for example, a reactor housing 
that is fabricated from a radioactive shielding material 
and has both an internal volume and a surface that com­
prises an entry port and an exit port, a chromatographic 
column that is positioned within said internal volume such 
that a first end of said column is in fluid communication 
with said entry port and a second end of said column is 
in fluid communication with said exit port, and a change­
able filter module that is disposed external to said reactor 
housing and in fluid communication with said exit port. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Pro­
visional Patent Application Serial Number 60/758,419, 
filed January 12, 2006, and from U.S. Patent Application 
Serial No. 11/610,574, filed December 14,2006, the re­
spective contents of which are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to systems and 
methods for radioisotope generation. In one aspect, this 
invention relates to systems and methods for producing 
customized, predictable and reproducible supplies of ra­
dioisotopes for use in nuclear medicine. 

BACKGROUND OF THE INVENTION 

[0003] Nuclear medicine is a branch of medicine deal­
ing with the use of radioisotopes as radiopharmaceuticals 
or radioactive tracers in the diagnosis and treatment of 
disease. Radioisotopes are natural or artificially created 
isotopes (isotopes being one of two or more atoms having 
the same atomic number but different mass numbers) of 
a chemical element that have an unstable nucleus that 
decays, emitting alpha, beta, or gamma rays until stability 
is reached. 
[0004] Radioisotopes, such as the meta stable Tech­
netium-99m (Tc-99m), are used in medical tests as ra­
dioactive tracers that medical equipment can detect in 
the body. Other generator-derived radioisotopes that are 
used as tracers include yttrium-90, rhenium-188, and ga/­
lium-68. Tc-99m, in particular, emits readily detectable 
gamma rays, and it has a half-life of 6 hours. A variety 
of different radiopharmaceuticals based on Tc-99m are 
used for imaging and functional studies of the brain, my­
ocardium, thyroid, lungs, liver, gallbladder, kidneys, skel­
eton, blood and tumors. Schwochau, Klaus. Technetium, 
Wiley-VCH (2000) (ISBN 3-527-29496-1). Scientists 
continue to find new uses for radioisotopes, such as Tc-
99m. For example, doctors recently used Tc-99m to di­
agnose precisely the infected lymph nodes in breast can­
cer patients by injecting Tc-99m into the breast around 
the tumor to allow them to locate the node quickly and 
precisely before ever making an incision. Brookhaven 
National Laboratory site on the history of the technetium 
cow. (http://www.bnl.gov/bnJweb/history/Tc-99m.asp). 
[0005] A Tc-99m generator, often called a technetium 
cow, is a device used to extract Tc-99m from decaying 
molybdenum-99 ("Mo-99"). Mo-99 has a half-life of 66 
hours and can be transported over long distances to ra­
diophanmacies and hospitals where its decay productTc-
99m is used for nuclear medicine diagnostic procedures. 
Removing the Tc-99m from the generator ("milking" the 
generator) is typically done every 6 hours or, at most, 

twice daily. Most commercial generators use column 
chromatography, in which Mo-99 is adsorbed onto alu­
mina. Normal saline solution can be run through a column 
of immobilized Mo-99 to elute soluble Tc-99m, resulting 

s in a saline solution containing the Tc-99m. 
[0006] Today, commercial radiopharmacies typically 
replace their generators on a biweekly basis, since the 
useful life of a Tc-99m generator is about 6 half lites or 
approximately two weeks. Hence, typical clinical nuclear 

10 medicine units purchase at least one such generator eve­
ry two weeks or order several in a staggered fashion. 
The lead-lined generators are heavy and bulky and rep­
resent significant manipulation and toil tor personnel to 
replace and to dispose of spent generators. Large quan-

15 tities of lead, molded plastic containers, and packing ma­
terials are used only once and discarded aftertwoweeks. 
Shipping costs and waste are realconsiderationsforend­
users. Further, conventional generator systems lack flex­
ibility as they are limited to fixed activity denominations 

20 per unit sold, resulting in limited predictability and repro­
ducibility. Typical generators also do not provide activity 
above 19 Ci. 
[0007] It would be desirable therefore to provide sys­
tems and methods for producing customized, predictable 

25 and reproducible supplies of radioisotopes, including 
high activity levels, that do not require weekly replace­
ment, handling and transport of heavy shielding materials 
associated with conventional generators. 

30 SUMMARY OF THE INVENTION 

[0008] In one aspect, the present invention provides 
systems comprising a reactor housing that is fabricated 
from a radioactive shielding material and has both an 

35 internal volume and a surface that comprises an entry 
port and an exit port; a chromatographic column that is 
positioned within said internal volume such that a first 
end of said column is in fluid communication with said 
entry port and a second end of said column is in fluid 

40 communication with said exit port; and a filter module 
that is disposed external to said reactor housing and in 
fluid communication with said exit port. 
[0009] In another aspect, the present invention pro­
vides kits comprising a column, a delivery housing, and 

45 a shielded filter module. 
[001 O] The present invention also provides methods 
comprising the steps of providing a system that compris­
es: a reactor housing that is fabricated from a radioactive 
shielding material and has both an internal volume and 

50 a surface that comprises an entry port and an exit port; 
a first chromatographic column that is positioned within 
said internal volume such that a first end of said column 
is in fluid communication with said entry port and a sec­
ond end of said column is in fluid communication with 

55 said exit port; and a first filter module that is disposed 
external to said reactor housing and in fluid communica­
tion with said exit port; and positioning a first delivery 
vessel comprising a solution of at least one radioisotope 

2 
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external to said reactor housing and in fluid communica­
tion with said entry port for a time and under conditions 
effective to elute said chromatographic column with at 
least a portion of said solution. 

erator system according to the invention. 
[0016] FIG. 2 is a cutaway side view depicting one 
shielded filter module according to the invention. 
[0017] FIG. 3 is an isometric view of one cart according 

[0011] In yet another aspect, the present invention pro­
vides methods comprising the steps of providing a sys­
tem that comprises: a reactor housing that is fabricated 
from a radioactive shielding material and has both an 
internal volume and a surface that comprises an entry 
port and an exit port; a first chromatographic column that 
comprises at least one radioisotope and is positioned 
within said internal volume such that a first end of said 
column is in fluid communication with said entry port and 
a second end of said column is in fluid communication 

s to the invention. 
[0018] FIG. 4 is a cutaway side view of one generator 
system according to the invention. 
[0019] FIG. 5 is a perspective view of a column assem­
bly being inserted into an internal volume of a reactor 

10 housing according to the invention. 
[0020] FIG. 6 is a perspective view of a radioactive 
shielding plug being inserted into an opening in a reactor 
housing according to the invention. 
[0021] FIG. 7 is a perspective view of an adapter disk 

with said exit port; and a filter module that is disposed 
external to said reactor housing and in fluid communica­
tion with said exit port; and removing said first chroma­
tographic column from said reactor housing. 

15 disposed on the surface of a reactor housing according 
to the invention. 
Further aspects of the invention are set out below in the 
following numbered paragraphs:-

[0012] In still yet another aspect, the present invention 
provides methods comprising the steps of providing a 
system that comprises: a reactor housing that is fabricat­
ed from a radioactive shielding material and has both an 
internal volume and a surface that comprises an entry 

20 1. A system comprising: 

port and an exit port; a first chromatographic column that 
is positioned within said internal volume such that a first 
end of said column is in fluid communication with said 
entry port and a second end of said column is in fluid 
communication with said exit port; and a first filter module 
that is disposed external to said reactor housing and in 

25 

fluid communication with said exit port; and removing 30 

said first filter module. 
[0013] The present invention also provides methods 
comprising the steps of: providing a system that compris-
es: a reactor housing that is fabricated from a radioactive 
shielding material and has both an internal volume and 35 

a surface that comprises an entry port and an exit port; 
said internal volume being substantially defined by a first 
end, a second end, and a wall extending between said 
first end and said second end; a first chromatographic 
column that is positioned within said internal volume such 40 

that a first end of said column is in fluid communication 
with said entry port and a second end of said column is 
in fluid communication with said exit port; and a filter mod-
ule that is disposed external to said reactor housing and 
in fluid communication with said exit port; positioning a 45 

collection vessel external to said reactor housing and in 
fluid communication with said exit port via said filter mod-
ule. 
[0014] In yet another aspect, the present invention pro­
vides methods comprising the steps of: receiving cus- 50 

tamer information including a target output of a radioiso­
tope; and adding a solution of a parent radioisotope to a 
delivery vessel in an amount sufficient to produce said 
target output upon decay of said parent radioisotope. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG.1 isacutawaysideviewdepictingonegen-

3 

a reactor housing that is fabricated from a radi­
oactive shielding material and has both an inter­
nal volume and a surface that comprises an en­
try port and an exit port; 
a chromatographic column that is positioned 
within said internal volume such that a first end 
of said column is in fluid communication with 
said entry port and a second end of said column 
is in fluid communication with said exit port; and 
a filter module that is disposed external to said 
reactor housing and in fluid communication with 
said exit port. 

2. The system of paragraph 1 wherein said radioac­
tive shielding material is lead, tungsten or depleted 
uranium. 

3. The system of paragraph 1 wherein said reactor 
housing is substantially rectilinear. 

4. The system of paragraph 1 wherein said reactor 
housing is substantially cylindrical. 

5. The system of paragraph 1 wherein said reactor 
housing includes a first end, a second end, and a 
wall extending between said first end and said sec­
ond end. 

6. The system of paragraph 5 wherein said entry port 
and said exit port are positioned at said first end. 

7. The system of paragraph 6 further comprising a 
ridge of radioactive shielding material extending 
around said entry port at said first end. 

8. The system of paragraph 6 further comprising a 
ridge of radioactive shielding material extending 
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around said exit port at said first end. 

9. The system of paragraph 1 wherein said column 
comprises aluminum oxide particles from about 50 
to about 200 µm in size. s 

1 0. The system of paragraph 1 wherein said column 
comprises silica gel particles from about 20 to about 
1 00 µmin size. 

11. The system of paragraph 1 wherein said column 
comprises one or more layers or polypropylene filter 
membranes, deactivated fused silica wool, one or 
more glass filter membranes from about 0.2 to about 

10 

1 0 µmin size and made of polyether sulfone, or stain- 15 

less steel tubing with needle and filter adaptors. 

12. The system of paragraph 11 further comprising 
two acetal plastic plugs with funnel drains. 

13. The system of paragraph 1 wherein said filter 
module comprises a sterile 13 to 25 mm filter mem­
brane from about 0. 1 to about 0.22 µm size. 

20 

14. The system of paragraph 1 wherein said filter 25 

module is attached to said reactor vessel by a tread 
type adaptor. 

15. The system of paragraph 14 wherein a needle 
is attached to said filter module. 30 

1 6. The system of paragraph 1 wherein a collection 
housing is connected to said reactor housing via said 
filter module. 

1 7. The system of paragraph 1 wherein said column 
comprises at least one radioisotope. 

18. The system of paragraph 17wherein said at least 

35 

one radioisotope is Molybdate Mo- 99. 40 

19. The system of paragraph 17wherein said at least 
one radioisotope is Pertechnetate Tc99m. 

20. The system of paragraph 1 further comprising a 45 

delivery vessel that is disposed external to said re­
actor housing and in fluid communication with said 
entry port. 

21. The system of paragraph 20 wherein said deliv- 50 

ery vessel is contained within a delivery housing that 
is fabricated from radioactive shielding material, 
such as lead, tungsten or depleted uranium. 

22. The system of paragraph 21 wherein said deliv- 55 

ery housing has a first end that includes a first cou­
pling, a second end that includes a second coupling, 
and a walj extending between said first end and said 

4 

second end. 

23. The system of paragraph 22 wherein said first 
coupling is threaded. 

24. The system of paragraph 22 further comprising 
a transfer tool that comprises a pick-up and release 
rod having a handle at a first end thereof and a cou­
pling at a second end thereof that is compatible with 
said first coupling. 

25. The system of paragraph 24 wherein said trans­
fer tool is a T-bar handle. 

26. The system of paragraph 20 wherein said deliv­
ery vessel comprises a solution of at least one radi­
oisotope. 

27. The system of paragraph 26 wherein said at least 
one radioisotope is Molybdate Mo- 99. 

28. The system of paragraph 26 wherein said solu­
tion is Sodium Molybdate Mo-99. 

29. The system of paragraph 26 wherein said deliv­
ery vessel comprises about 1 to about 50 Ci. 

30. The system of paragraph 20 wherein said deliv­
ery vessel comprises Normal Saline [0.9%] solution. 

31. The system of paragraph 21 wherein said deliv­
ery housing abuts a ridge of material that is external 
to said reactor housing and extends around said en­
try port. 

32. The system of paragraph 21 wherein said deliv­
ery housing is at least partially contained within a 
ridge of material that is external to said reactor hous­
ing and extends around said entry port. 

33. The system of paragraph 20 wherein said deliv­
ery vessel is at least partially contained within a ridge 
of material that is external to said reactor housing 
and extends around said entry port. 

34. The system of paragraph 1 further comprising a 
collection vessel that is disposed external to said re­
actor housing and in fluid communication with said 
exit port via said filter module. 

35. The system of paragraph 34 wherein said col­
lection vessel is evacuated. 

36. The system of paragraph 34 wherein said col­
lection vessel comprises a solution of at least one 
radioisotope. 

37. The system of paragraph '36wherein said at least 
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one radioisotope is Technetium Tc99m. 

38. The system of paragraph 36 wherein said solu­
tion is Sodium Pertechnetate Tc-99m. 

39. The system of paragraph 1 further comprising 
an adapter disk disposed on said reactor housing, 
comprising a ridge of material that extends around 
said entry port and a ridge of material that extends 

5 

around said exit port. 10 

40. The system of paragraph 39 further comprising 
an adapter ridge disposed circumferentially internal 
to said ridge of material that extends around said 
entry port. 15 

41. The system of paragraph 40 further comprising 
a saline vessel that is disposed external to said re­
actor housing and in fluid communication with said 
entry port. 20 

42. The system of paragraph 41 wherein said saline 
vessel comprises Normal Saline 
[0.9%] solution. 

43. The system of paragraph 34 wherein said filter 
module abuts a ridge of radioactive shielding mate­
rial that is external to said reactor housing and ex­
tends around said exit port. 

44. The system of paragraph 34 wherein said filter 
module is at least partially contained within a ridge 
of radioactive shielding material that is external to 
said reactor housing and extends around said exit 

25 

30 

p~ ~ 

45. The system of paragraph 34 wherein said col­
lection vessel is contained with in a collection housing 
that is fabricated from radioactive shielding material. 

46. The system of paragraph 45 wherein said col­
lection housing abuts a ridge of material that is ex­
ternal to said reactor housing and extends around 
said exit port. 

47. The system of paragraph 45 wherein said col­
lection housing is at least partially contained within 
a ridge of material that is external to said reactor 
housing and extends around said exit port. 

48. The system of paragraph 1 further comprising a 
cart that includes a plurality of delivery vessels that 
each independently comprises a reactor vessel. 

40 

45 

50 

49. The system of paragraph 1 further comprising a 55 

cart that includes a plurality of delivery vessels that 
each independently comprise a solution of at least 
one radioisotope and are contained within a delivery 

5 

housing that is fabricated from radioactive shielding 
material. 

50. The system of paragraph 49 further comprising 
a conveyor belt for moving said delivery housing. 

51. The system of paragraph 49 further comprising 
a transfer tool for moving said delivery housing. 

52. The system of paragraph 49 wherein said at least 
one radioisotope is Molybdenum-99. 

53. The system of paragraph 49 wherein said solu­
tion is Sodium Molybdate Mo-99. 

54. The system of paragraph 49 wherein said deliv­
ery vessels each independently comprise about 1 to 
about50 Ci. 

55. The system of paragraph 1 further comprising a 
cart that includes a plurality of evacuated collection 
vessels. 

56. The system of paragraph 1 further comprising a 
cart that includes a plurality of saline vessels. 

57. A kit comprising a column, delivery housing, and 
a filter module comprising.a radioactive shielding 
material insert. 

58. The kit of paragraph 57 further comprising a 
transfer tool. 

59. The kit of paragraph 57 further comprising a plu­
rality of evacuated collection vessels. 

60. The kit of paragraph 57 further comprising a plu­
rality of saline vessels. 

61. A method comprising the steps of: providing a 
system that comprises: 

a reactor housing that is fabricated from a radi­
oactive shielding material and has both an inter­
nal volume and a surface that comprises an en­
try port and an exit port; 
a firstchromatographic column that is positioned 
within said internal volume such that a first end 
of said column is in fluid communication with 
said entry port and a second end of said column 
is in fluid communication with said exit port; and 
a first filter module that is disposed external to 
said reactor housing and in fluid communication 
with said exit port; and either: 

positioning a first delivery vessel comprising 
a solution of at least one radioisotope ex­
ternal to said reactor housing and in fluid 
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communication with said entry port for a 
time and under conditions effective to elute 
said chromatographic column with at least 
a portion of said solution; or 
positioning a collection vessel external to s 
said reactor housing and in fluid 
communication with said exit port via said 
filter module; or removing said first chroma­
tographic column from said reactor housing; 
or removing said first filter module. 10 

62. The method of paragraph 61 wherein said first 
delivery vessel is contained within a delivery housing 
that is fabricated from radioactive shielding material 
and has a first end that includes a coupling, a second 15 

end that includes a coupling, and a wall extending 
between said first end and said second end. 

63. The method of paragraph 62 wherein positioning 
said first delivery vessel comprises: mating said cou- 20 

piing at said first end of said delivery housing with a 
transfer tool comprising a rod having a handle at a 
first end thereof and a coupling at a second end 
thereof that is compatible with said coupling at said 
first end of said delivery housing; and 25 

lifting said delivery housing. 

64. The method of paragraph 63 further comprising 
mating said coupling at said second end of said first 
delivery housing with a coupling on said reactor 30 

housing that is compatible with said coupling at said 
second end of said first delivery housing. 

65. The method of paragraph 61 further comprising 
removing said first delivery vessel from said position 35 

relative to said reactor housing. 

66. The method of paragraph 62 wherein said first 
delivery vessel is contained within a delivery housing 
that is fabricated from radioactive shielding material 40 

and has a first end that includes a coupling, a second 
end that includes a coupling, and a wall extending 
between said first end and said second end. 

67. The method of paragraph 66 wherein removing 45 

said first delivery vessel comprises: 

mating said coupling at said first end of said first 
delivery housing with a transfer tool comprising 
a rod having a handle at a first end thereof and 50 

a coupling at a second end thereof that is com­
patible with said coupling at said first end of said 
first delivery housing; and 
lifting said delivery housing. 

munication with said entry port for a time and under 
conditions effective to elute said chromatographic 
column with at least a portion of said saline solution. 

69. The method of paragraph 68 further comprising 
removing said second delivery vessel from said po­
sition relative to said reactor housing. 

70. The method of paragraph 69 further comprising 
positioning a subsequent delivery vessel comprising 
saline external to said reactor housing and in fluid 
communication with said entry port for a time and 
under conditions effective to elute said chromato­
graphic column with at least a portion of said saline 
solution. 

71. The method of paragraph 69 further comprising 
positioning a subsequent delivery vessel comprising 
a solution of at least one radioisotope external to 
said reactor housing and in fluid communication with 
said entry port for a time and under conditions effec­
tive to elute said chromatographic column with at 
least a portion of said solution. 

72. The method of paragraph 69 further comprising 
removing said first chromatographic column from 
said reactor housing. 

73. The method of paragraph 72 further comprising 
positioning a subsequent chromatographic column 
in said reactor housing such that a first end of said 
column is in fluid communication with said entry port 
and a second end of said column is in fluid commu­
nication with said exit port. 

74. The method of paragraph 69 further comprising 
positioning a first collection vessel external to said 
reactor housing and in fluid communication with said 
exit port via said filter module. 

75. The method of paragraph 74 wherein said col­
lection vessel is contained within a collection housing 
that is fabricated from radioactive shielding material. 

76. The method of paragraph 74 further comprising 
removing said first collection vessel from said posi­
tion relative to said reactor housing. 

77. The method of paragraph 69 further comprising 
positioning a subsequent collection vessel external 
to said reactor housing and in fluid communication 
with said exit port via said filter module. 

78. The method of paragraph 61 further comprising 
55 removing said first filter module. 

68. The method of paragraph 66 further comprising 
positioning a second delivery vessel comprising sa­
line external to said reactor housing and in fluid com-

6 

79. The method of paragraph 78 further comprising 
positioning a subsequent filter module external to 
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said reactor housing and in fluid communication with 
said exit port. 

80. The method of paragraph 61 comprising the 

radioisotope is Molybdenum-99. 

89. The method of paragraph 86 further comprising 
shipping said delivery vessel to said customer. 

~~~ 5 

providing said system; and 
positioning a first delivery vessel comprising a 
solution of at least one radioisotope external to 
said reactor housing and in fluid communication 
with said entry port for a time and under condi­
tions effective to elute said chromatographic col­
umn with at least a portion of said solution 

81. The method of paragraph 61 comprising the 
steps of: 

providing said system; and removing said first 
chromatographic column from said reactor 
housing. 

82. The method of paragraph 61 further comprising 
positioning a subsequent chromatographic column 
in said reactor housing such that a first end of said 
column is in fluid communication with said entry port 
and a second end of said column is in fluid commu­
nication with said exit port. 

83. The method of paragraph 61 comprising the 
steps of: 

providing said system; and 
removing said first filter module. 

84. The method of paragraph 61 further comprising 
positioning a subsequent filter module external to 
said reactor housing and in fluid communication with 
said exit port. 

85. The method of paragraph 61 comprising the 
steps of: 

providing said system; and 
positioning a collection vessel external to said 
reactor housing and in fluid communication with 
said exit port via said filter module. 

86. A method comprising the steps of; 
receiving customer information including a target 
output of a radioisotope; and adding a solution of a 
parent radioisotope to a delivery vessel in an amount 
sufficient to produce said target output upon decay 
of said parent radioisotope. 

87. The method of paragraph 86 wherein said radi­
oisotope is Technetium-99m. 

88. The method of paragraph 86 wherein said parent 

DETAILED DESCRIPTION OF ILLUSTRATIVE EM­
BODIMENTS 

[0022] With reference to the drawings, FIG. 1 shows 
10 one type of generator system 2 according to the inven­

tion. The generator system may include a reactor housing 
4 fabricated from a radioactive shielding material such 
as lead, tungsten, or depleted uranium. The reactor hous­
ing 4 maybe substantially cylindrical, as shown in FIG. 

15 1. In another embodiment, the reactor housing may be 
substantially rectilinear. The reactor housing 4 may in­
clude a first end 6, a second end 8, and a wall 1 O extend­
ing between said first end 6 and said second end 8. The 
reactor housing 4 may have both an internal volume 12 

20 and a surface 14 that comprises an opening 16 for in­
serting a column 18 (said column may be included in a 
column assembly 20, shown in more detail in FIG. 5), an 
entry port 22, and an exit port 24. The opening 16, entry 
port 22 and exit port 24 may be positioned at said first 

25 end 6 of said housing 4. A radioactive shielding plug 26 
may be disposed in said opening 16 in said surface 14 
above said column 18. The radioactive shielding plug 26 
may be fabricated from a radioactive shield material such 
as lead, tungsten, or depleted uranium. The reactor hous-

30 ing 4 may have an adapter disk 28 disposed on the sur­
face 14 of said reactor housing 4 that comprises a ridge 
of guide material 30 that may extend around said entry 
port 22 and a ridge of guide material 32 that may extend 
around said exit port 24. Preferably, the adapter disk 28 

35 and ridges of guide material 30 and 32 are plastic. A ridge 
of radioactive shielding material 34 may extend around 
said exit port 24. 
[0023] A chromatographic column 18 may be posi­
tioned within said internal volume 12 such that a first end 

40 36 of said column 18 is in fluid communication with said 
entry port 22 and a second end 38 of said column 18 is 
in fluid communication with said exit port 24. In one em­
bodiment, the column 18 may be included in a column 
assembly20. The column assembly20, in turn, maycom-

45 prise a column adaptor plate 40 having a-radioactive 
shielding plug opening 42, an adaptor plate entry port 44 
and an adaptor plate exit port 46 corresponding to said 
entry port22 and said exit port 24 of said reactor housing, 
respectively, an adaptor plate vent port 48 (which may 

50 include a vent filter), and a column housing 50, preferably 
fabricated from radioactive shielding material such as 
lead, tungsten, or depleted uranium. The column assem­
bly 20 may comprise an entry needle 52 and a vent nee­
dle 54 disposed in said adaptor plate entry port 44, and 

55 an exit connection 56, adapted for fluid communication 
with a changeable sterile needle 58 of a filter module 60. 
An entry pipe 62 may extend from said entry needle 52 
to said first end 36 of said column 18. A vent pipe 64 may 

7 
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extend from said vent needle 54 to a safety valve 55 (said 
safety valve 55 protecting said vent filter by preventing 
back pressure from being released onto said vent filter) 
and said safety valve 55 may extend to said vent port 48. 
An exit pipe 66 may extend from said second end 38 of 
said column 18 to said exit connection 50. The column 
18 may be inserted into said internal volume 12 of said 
reactor housing 4 through said opening 16 in said surface 
1.4 of said reactor housing 4. Alternatively, said column 
assembly 20 maybe positioned such that said column 18 
is disposed in said internal volume 12 of said reactor 
housing 4. The column 18 may comprise at least one 
radioisotope, including but not limited to Mo-99, Tc-99m, 
Y-90, Re-188, or Ga-68. In preferred embodiments, the 
column 18 is fabricated from glass. The column 18 may 
contain alumina in the form of aluminum oxide, Al2 0 3 

(mp of about 2,000°C and specific gravity of about 4.0). 
Preferably, the column 18 is a glass column that contains 
aluminum oxide. The aluminum oxide powder preferably 
has a particle size of from about 20 to about 200 µm. In 
addition to the aluminum oxide powder, the column 18 
may also include silica gel having a particle size of from 
about20 to about 100 µm, The column 18 may also com­
prise one or more layers or polypropylene filter mem­
branes, deactivated fused silica wool, and/or one or more 
glass filter membranes, The filter membranes preferably 
measure from about 0.2 to about 1 O µm and may com­
prise polyether sulfone, Acetal plastic plugs with funnel 
drains, or stainless steel tubing with needle and filter 
adaptors. Particularly preferred filter membranes are 
those fabricated from polyether sulfone at a size of 0.2 
µm. 
[0024] A delivery vessel 68 may be disposed external 
to said reactor housing 4 and in fluid communication with 
said entry port 22. The delivery vessel 68 may be a 3 to 
20 ml (preferably 1 O ml) borosilicate glass vessel. The 
delivery vessel 68 may be contained within a delivery 
housing 70 that is fabricated from radioactive shielding 
material such as lead, tungsten, or depleted uranium. 
The delivery housing 70 preferably is fabricated from ra­
dioactive shielding material and has a first end 72 that 
includes a firstcoupling74, a second end 76thatincludes 
a second coupling 78, and a wall 80 extending between 
said first end 72 and said second end 76. The first cou­
pling 74 and second coupling 78 may bethreaded or may 
form a lure lock. In certain embodiments, delivery vessel 
68 comprises a solution of at least one radioisotope, in­
cluding but not limited Mo-99 or Tc-99m in the form of 
sodium molybdate Mo-99 or sodium pertechnetate Tc-
99m, respectively. In such embodiments, delivery vessel 
68 preferably comprises from about 1 to about 50 Ci (1 
curie (Ci) is 37 gigabecquerels (GBq) exactly and 1 Bq 
= 2. 7027X10-11 Ci). In other embodiments, delivery ves­
sel 68 comprises Normal Saline [0.9%] solution. The de­
livery housing 70 may abut a ridge of guide material 30 
that may be external to said reactor housing 4 and may 
extend around said entry port 22. The delivery housing 
70 may be at least partially contained within a ridge of 

guide material 30 that may be external to said reactor 
housing and may extend around said entry port 22. In 
certain embodiments, an adapter guide ridge 81 may be 
disposed on said adapter disk 28 circumferentially inter-

s nal to said ridge of guide material 30. A saline vessel 82 
may be disposed external to said reactor housing 4, and 
in fluid communication with said entry port 22 and may 
abut said adapter guide ridge 81 (FIG. 4) that extends 
around said entry port 22. The saline vessel 82 may com-

10 prise Normal Saline [0.9%] solution. 
[0025] The generator system 2 may comprise a col­
lection vessel 84 that is disposed external to said reactor 
housing 4 and in fluid communication with said exit port 
24 via a filter module 60, discussed below with reference 

15 to FIG. 2. The collection vessel 84 may be evacuated, 
and ultimately is used to collect a solution of at least one 
radioisotope. The collection vessel 84 may be a 1 Oto 30 
ml borosilicate glass vessel. Preferably, the collection 
vessel 84 is a 20 to 30 ml sterile, evacuated, borosilicate 

20 glass vessel. As shown in FIG. 1, collection vessel 84 is 
contained within a collection housing 86 that is fabricated 
from radioactive shielding material. 
[0026] As shown in FIG. 2, a filter module 60 may be 
disposed external to the reactor housing 4 and may be 

25 in fluid communication with said exit port 24. The filter 
module 60 may include a radioactive shielding material 
insert88 that is positioned between said collection vessel 
84 and said reactor housing 4. The filter module 60 pref­
erably holds a sterile 13 to 25 mm filter membrane 90 of 

30 0.1 to 0.22 µm size, preferably of 0.2 µ,m size. The filter 
module 60 may be attached via a tread type adaptor to 
join the reactor to a sterile evacuated collection vessel 
84. A changeable sterile needle 58 may be attached to 
the sterile filter90 for daily sterile eluting procedures. The 

35 filter module 60 may abut a ridge of radioactive shielding 
material 34 and/or may abut a ridge of guide material 32 
that is external to said reactor housing 4 and extends 
around said exit port 24. The filter module 60 may be at 
least partially contained within said ridge of radioactive 

40 shielding material 34 and/or said ridge of guide material 
32. The radioactive shielding material may be lead, tung­
sten, or depleted uranium. 
[0027] The generator system may include a cart 92, 
as shown in FIG. 3. The cart 92 preferably is fabricated 

45 from steel and lead. The frame is preferably fabricated 
from steel. The walls of cart 92 are preferably lead plates 
or lead brick. The cart 92 may hold a plurality of reactor 
housings 94, 96, 98, 100, 102, 104, and 106 that may 
be fabricated from radioactive shielding material The cart 

50 92 may also comprise a plurality of delivery vessels 68 
and/or a plurality of evacuated collection vessels 84 
and/or a plurality of saline vessels 82. The cart 92 may 
include a transfer tool 108 that comprises a pick-up and 
release rod 110 having a handle 112 at a first end 114 

55 thereof and a coupling 116 at a second end 118 thereof 
that is compatible with the first coupling 74 of said delivery 
housing70. Thetransfertool 108 preferably is a universal 
T-bar handle. The cart 92 may also include a conveyor 
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belt 120, or other motion enhancing device, to assist a 
user with moving a delivery housing 70 proximate to a 
reactor housing (e.g., 94, 96, 98, 100, 102, 104and106). 
[0028] Methods of radioisotope generation according 
to the invention may be described with reference to FIGS. 
1 and 2. In certain embodiments, such methods involve 
positioning a first delivery vessel 68 comprising a solution 
of at least one radioisotope external to said reactor hous­
ing 4 and in fluid communication with said entry port 22 
for a time and under conditions effective to elute said 
chromatographic column 18 with at least a portion of said 
solution. The first delivery vessel 68 maybe positioned 
by mating said first coupling 74 at said first end 72 of said 
delivery housing 70 with transfer tool 108 and lifting the 
delivery housing 70. The coupling 78 at said second end 
76 of said first delivery housing 70 may be mated with a 
coupling on said reactor housing 4 that is compatible with 
said coupling 78 at said second end 76 of said first de­
livery housing 70. The delivery vessel 68 may be re­
moved from said position relative to said reactor housing 
4 by lifting said delivery housing 70. Subsequent delivery 
vessels comprising saline solution or a solution of at I east 
one radioisotope may be used to elute said column 18 
with at least a portion of said solutions. A collection vessel 
84 may be positioned external to said reactor housing 4 
and in fluid communication with said exit port 22 via said 
filter module 60. The column 18, column assembly 20, 
filter module 60, filter membrane 90, sterile needle 58, 
delivery vessel 68, collection vessel 84 and/or saline ves­
sel 82 may be removed from said reactor housing 10 and 
may be replaced by subsequent columns, column as­
semblies, filter modules, filter membranes, sterile nee­
dles, delivery vessels, collection vessels and/or saline 
vessels, respectively, as appropriate. 
[0029] In certain embodiments, methods of radioiso­
tope generation according to the invention involve the 
receipt of customer information including a target output 
of a radioisotope, the addition of a solution of a parent 
radioisotope to a delivery vessel in an amount sufficient 
to produce said target output upon decay of said parent 
radioisotope, and the shipment of said delivery vessel to 
said customer. The customer's generator system, in turn, 
may be loaded and re-loaded with varying volumes of 
said parent radioisotope effective to collect specific target 
concentrations of the desired radioisotope. The genera­
tor systems may be re-loaded more than 2 times, more 
preferably more than 4 times, and most preferably more 
than 6 times. Preferably, the customer information re­
ceived includes a target output of Tc-99m from 1 to 50 
Ci, and the solution added to the delivery vessel includes 
Mo-99 in an amount sufficient to produce said target out­
put upon decay of said Mo-99. 
[0030] A kit for radioisotope generation according to 
the invention is also contemplated and may be described 
with reference to FIGs. 1-3. The kit may include a column 
18 or a column assembly 20, a delivery housing 70 con­
taining a delivery vessel 68 comprising at least one ra­
dioisotope, a filter module 60 comprising a radioactive 

shielding material insert88, a transfertool 108, a plurality 
of evacuated collection vessels 84 and a plurality of saline 
vessels 82. The kit can be used to replenish existing re­
actor housings 4 and thereby avoids shipment and dis-

5 posal thereof. 
In addition, exemplary steps for radioisotope generation 
according to the invention may be described with refer­
ence to FIGs. 1-7. As shown in FIG. 5, a column assem­
bly 20 may be inserted into an internal volume 12 of a 

10 reactor housing 4 (said reactor housing having an entry 
port 22 and an exit port 24), through an opening 16 in 
the surface 14 of the reactor, housing 4. Then, as shown 
in FIG. 6, the opening 16 above the column 18 may be 
plugged with a radioactive shielding plug 26. Then, as 

15 shown in FIG. 7, an adapter disk 28, comprising a ridge 
of guide material 30 extending around the entry port 22 
and a ridge of guide material 32 extending around the 
exit port 24, may be disposed on the surface 14 of the 
reactor housing 4. A filter module 60 may then be dis-

20 posed external to the reactor housing 4 in fluid commu­
nication with the exit port 24. A delivery vessel 68 con­
taining a radioisotope, contained in a delivery housing 
70, may then be disposed external to the reactor housing 
4 and in fluid communication with the entry port 22. An 

25 evacuated collection vessel 84, contained with a collec­
tion housing 86, may then be disposed external to the 
reactor housing 4 in fluid communication with the exit 
port 24 via the filter module 60. After waiting a suitable 
amount of time (e.g., more than about three minutes), 

30 the collection vessel 84 and then the delivery vessel 68 
may be removed. An adapter guide ridge 81 may then 
be disposed on the surface of the adapter disk 28 such 
that it extends around the entry port 22. A saline vessel 
82 may then be disposed external to the reactor housing 

35 4 and in fluid communication with the entry port 22. An 
evacuated collection vessel 84, contained within a col­
lection housing 86, may then be disposed external to the 
reactor housing 4 and in fluid communication with the 
exit port 24 via the filter module 60. After again waiting 

40 a suitable amount of time, said collection housing 86 may 
be removed. An evacuated collection vessel 84, con­
tained within a collection housing 86, may then'be dis­
posed external to the reactor housing 4 and in fluid com­
munication with the exit port 24 via the filter module 60. 

45 The aforementioned exemplary steps may be repeated 
with subsequent delivery vessels, columns, filter mod­
ules and collection vessels as may be appropriate. 
[0031] Thus, there have been described systems and 
methods for producing customized, predictable and re-

50 producible supplies of radioisotopes that do not require 
weekly replacement, handling and transport of heavy 
shielding materials associated with conventional gener­
ators. It will be appreciated that numerous modifications 
may be made to the example embodiments described 

55 herein, and that such modifications do not depart from 
the scope of the invention as defined by the following 
claims. 
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Claims 

1. A system comprising: 

module is at least partially contained within a ridge 
of radioactive shielding material that is external to 
said reactor housing and extends around said exit 
port. 

a reactor housing that is fabricated from a radi- s 
oactive shielding material and has both an inter- 11. A system according to claim 1, wherein said collec-
nal volume and a surface that comprises an en­
try port and an exit port; 
a chromatographic column that bears at least 
one radioisotope and is positioned within said 
internal volume; 
a filter module that is disposed external to said 
reactor housing and in fluid communication with 
said column; 
an adapter disk disposed on said reactor hous­
ing, comprising a ridge of material that extended 
around said entry port and a ridge of material 
that extends around said exit port, and, 
an adapter ridge disposed circumferentially in­
ternal to said ridge of material that extends 
around said entry port. 

2. A system according to claim 1, wherein said reactor 
house includes a first end, a second end and a wall 
extending between said first end and said second 
end. 

3. A system according to claim 1, wherein said column 
comprises aluminum oxide particles from about 50 
to 200 µm in size. 

4. A system according to claim 1, wherein said column 
comprises silica gel particles from about 20 to 100 
µmin size. 

5. A system according to claim 1, wherein a collection 
housing is connected to said reactor housing via said 
filter module. 

tion vessel is contained within a collection housing 
that is fabricated from radioactive shielding material. 

10 12. A system according to claim 1, including a cart that 
includes a plurality of delivery vessels that each in­
dependently comprises a reactor vessel. 

13. A system according to claim 1, including a cart that 
15 includes a plurality of delivery vessels that each in­

dependently comprise a solution of at least one ra­
dioisotope and are contained within a delivery hous­
ing that is fabricated from radioactive shielding ma­
terial. 

20 

14. A system according to claim 13, wherein said deliv­
ery vessels each independently comprise about 1 to 
about SO Ci. 

25 15. A system according to claim 1, wherein said column 
is configures to be reloaded with radioisotope solu­
tion at least one. 

16. A system according to claim 1, including a column 
30 assembly comprising a further chromatographic col­

umn for replacing said chromatographic column after 
said at least some of said radioisotope has been elut­
ed therefrom. 

35 

6. A system according to claim 1, including a delivery 40 

vessel that is disposed external to said reactor hous-
ing in fluid communication with said column. 

7. A system according to claim 8, wherein said delivery 
vessel comprises a solution of about 1 to 50 Ci of at 45 

least one radioisotope. 

8. A system according to claim 1, including a collection 
vessel that is disposed external to said reactor hous-
ing and in fluid communication with said column via 50 

said filter module. 

9. A system according to claim 1, wherein said filter 
module abuts a ridge of radioactive shielding mate-
rial that is external to said reactor housing and ex- 55 

tends around said exit port. 

10. A system according to claim 1, wherein said filter 

10 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates generally to systems and 
methods for radioisotope generation. In one aspect, this 
invention relates to systems and methods for producing 
customized, predictable and reproducible supplies of ra­
dioisotopes for use in nuclear medicine. 

BACKGROUND OF THE INVENTION 

[0002] Nuclear medicine is a branch of medicine deal­
ing with the use of radioisotopes as radiopharmaceuticals 
or radioactive tracers in the diagnosis and treatment of 
disease. Radioisotopes are natural or artificially created 
isotopes (isotopes being one of two or more atoms having 
the same atomic number but different mass numbers) of 
a chemical element that have an unstable nucleus that 
decays, emitting alpha, beta, or gamma rays until stability 
is reached. 
[0003] Radioisotopes, such as the meta stable Tech­
netium-99m (Tc-99m), are used in medical tests as ra­
dioactive tracers that medical equipment can detect in 
the body. Other generator-derived radioisotopes that are 
used as tracers include yttrium-90, rhenium-188, and gal­
lium-68 . Tc-99m, in particular, emits readily detectable 
gamma rays, and it has a half-life of 6 hours. A variety 
of different radiopharmaceuticals based on Tc-99m are 
used for imaging and functional studies of the brain, my­
ocardium, thyroid, lungs, liver, gallbladder, kidneys, skel­
eton, blood and tumors. Schwochau, Klaus. Technetium, 
Wiley-VCH (2000) (ISBN 3-527-29496-1). Scientists 
continue to find new uses for radioisotopes, such as Tc-
99m. For example, doctors recently used Tc-99m to di­
agnose precisely the infected lymph nodes in breast can­
cer patients by injecting Tc-99m into the breast around 
the tumor to allow them to locate the node quickly and 
precisely before ever making an incision. Brookhaven 
National Laboratory site on the history of the technetium 
cow. (http://www.bnl.gov/bnlweb/history/Tc-99m.asp). 
[0004] A Tc-99m generator, often called a technetium 
cow, is a device used to extract Tc-99m from decaying 
molybdenum-99 ("Mo-99"). Mo-99 has a half-life of 66 
hours and can be transported over long distances to ra­
diopharmacies and hospitals where its decay productTc-
99m is used for nuclear medicine diagnostic procedures. 
Removing the Tc-99m from the generator ("milking" the 
generator) is typically done every 6 hours or, at most, 
twice daily. Most commercial generators use column 
chromatography, in which Mo-99 is adsorbed onto alu­
mina. Normal saline solution can be run through a column 
of immobilized Mo-99 to elute soluble Tc-99m, resulting 
in a saline solution containing the Tc-99m. 
[0005] Today, commercial radiopharmacies typically 
replace their generators on a biweekly basis, since the 
useful life of a Tc-99m generator is about 6 half lites or 
approximately two weeks. Hence, typical clinical nuclear 

medicine units purchase atleastonesuch generator eve­
ry two weeks or order several in a staggered fashion. 
The lead-lined generators are heavy and bulky and rep­
resent significant manipulation and toil for personnel to 

s replace and to dispose of spent generators. Large quan­
tities of lead, molded plastic containers, and packing ma­
terials are used only once and discarded after two weeks. 
Shipping costs and waste are realconsiderationsforend­
users. Further, conventional generator systems lackflex-

10 ibility as they are limited to fixed activity denominations 
per unit sold, resulting in limited predictability and repro­
ducibility. Typical generators also do not provide activity 
above 19 Ci. 
[0006] It would be desirable therefore to provide sys-

15 terns and methods for producing customized, predictable 
and reproducible supplies of radioisotopes, including 
high activity levels, that do not require weekly replace­
ment, handling and transport of heavy shielding materials 
associated with conventional generators. 

20 

25 

SUMMARY OF THE INVENTION 

[0007] In one aspect, the present invention provides a 
system comprising: 

a reactor housing that is fabricated from a radioactive 
shielding material and has both an internal volume 
and a surface that comprises an entry port and an 
exit port; 

30 a chromatographic column that is positioned within 
said internal volume wherein; said first chromato­
graphic column is housed within a column assembly 
comprising: 

35 a column housing defining an internal space for 
receiving said first chromatographic column; 
a column adaptor plate; 
an exit pipe in fluid communication with said first 
chromatographic column via said column hous-

40 ing and with an exit connection that is mounted 
on said column adaptor plate; and 
an entry pipe in fluid communication with said 
first chromatographic column via said column 
housing and with an entry needle that is dis-

45 posed in an adaptor plate entry port that is 
mounted on said column adaptor plate; 

wherein said column assembly is configured for in­
sertion as a unit into the internal volume of said re-

50 actor housing through an opening in an upper portion 
of said reactor housing; and; 

55 

2 

a filter module that is disposed external to said re­
actor housing and in fluid communication with said 
column. 

[0008] The present invention also provides a method 
comprising the steps of: 
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providing a system that comprises: 

a reactor housing that is fabricated from a radi­
oactive shielding material and has both an inter-
nal volume and a surface that comprises an en- s 
try port and an exit port; 
a first chromatographic column that is positioned 
within said internal volume wherein 
said first chromatographic column is housed 
within a column assembly comprising: 10 

a column housing defining an internal space for 
receiving said first chromatographic column; 
a column adaptor plate; 
an exit pipe in fluid communication with said first 
chromatographic column via said column hous- 15 

ing and with an exit connection that is mounted 
on said column adaptor plate; and 
an entry pipe in fluid communication with said 
first chromatographic column via said column 
housing and with an entry needle that is dis- 20 

posed in an adaptor plate entry port that is 
mounted on said column adaptor plate; 
wherein said column assembly is configured for 
insertion as a unit into the internal volume of said 
reactor housing through an opening in an upper 25 

portion of said reactor housing; and; 
a first filter module that is disposed external to 
said reactor housing and in fluid communication 
with said first chromatographic column; and 
positioning a first delivery vessel comprising a 30 

solution of at least one radioisotope external to 
said reactor housing and in fluid communication 
with said first chromatographic column for a time 

ing and with an exit connection that is mounted 
on said column adaptor plate; and 
an entry pipe in fluid communication with said 
first chromatographic column via said column 
housing and with an entry needle that is dis­
posed in an adaptor plate entry port that is 
mounted on said column adaptor plate; 
wherein said column assembly is configured for 
insertion as a unit into the internal volume of said 
reactor housing through an opening in an upper 
portion of said reactor housing; 
removing said first chromatographic column 
from said internal volume by extracting said col­
umn assembly through an opening in an upper 
portion of said reactor housing; 
positioning a second chromatographic column 
within said internal volume by inserting a second 
column assembly through said opening in said 
reactor housing; 
positioning a first delivery vessel comprising a 
solution of at least a first radioisotope external 
to said reactor housing and in fluid communica­
tion with said second chromatographic column 
for a time and under conditions effective to elute 
said second chromatographic column with at 
least a portion of said solution; and, 
positioning a first collection vessel external to 
said reactor housing and in fluid communication 
with said second chromatographic column. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 O] FIG. 1 is a cutaway side view depicting one gen­
erator system according to the invention. and under conditions effective to elute said first 

chromatographic column with at least a portion 
of said solution; and, 

35 [0011] FIG. 2 is a cutaway side view depicting one 
shielded filter module according to the invention. 

positioning a collection vessel external to said 
reactor housing and in fluid communication with 
said exit port via said filter module. 

[0009] In yet another aspect, the present invention pro­
vides a method comprising the steps of: 

providing a system that comprises: 

a reactor housing that is fabricated from a radi­
oactive shielding material and has both an inter­
nal volume and a surface that comprises an en­
try port and an exit port; and 
a first chromatographic column that is positioned 
within said internal volume, wherein said first 
chromatographic column is housed within a col­
umn assembly comprising 
a column housing defining an internal space for 
receiving said first chromatographic column; 
a column adaptor plate; 
an exit pipe in fluid communication with said first 
chromatographic column via said column hous-

[0012] FIG. 3 is an isometric view of one cart according 
to the invention. 
[0013] FIG. 4 is a cutaway side view of one generator 

40 system according to the invention. 
[0014] FIG. 5 is a perspective view of a column assem­
bly being inserted into an internal volume of a reactor 
housing according to the invention. 
[0015] FIG. 6 is a perspective view of a radioactive 

45 shielding plug being inserted into an opening in a reactor 
housing according to the invention. 

50 

[0016] FIG. 7 is a perspective view of an adapter disk 
disposed on the surface of a reactor housing according 
to the invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EM­
BODIMENTS 

[0017] With reference to the drawings, FIG. 1 shows 
55 one type of generator system 2 according to the inven­

tion. The generator system may include a reactor housing 
4 fabricated from a radioactive shielding material such 
as lead, tungsten, or depleted uranium. The reactor ho us-

3 
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ing 4 may be substantially cylindrical, as shown in FIG. 
1. In another embodiment, the reactor housing may be 
substantially rectilinear. The reactor housing 4 may in­
clude a first end 6, a second end 8, and a wall 1 O extend­
ing between said first end 6 and said second end 8. The 
reactor housing 4 may have both an internal volume 12 
and a surface 14 that comprises an opening 16 for in­
serting a column 18 (said column may be included in a 
column assembly 20, shown in more detail in FIG. 5), an 
entry port 22, and an exit port 24. The opening 16, entry 
port 22 and exit port 24 may be positioned at said first 
end 6 of said housing 4. A radioactive shielding plug 26 
may be disposed in said opening 16 in said surface 14 
above said column 18. The radioactive shielding plug 26 
may be fabricated from a radioactive shield material such 
as lead, tungsten, or depleted uranium. The reactor hous­
ing 4 may have an adapter disk 28 disposed on the sur­
face 14 of said reactor housing 4 that comprises a ridge 
of guide material 30 that may extend around said entry 
port 22 and a ridge of guide material 32 that may extend 
around said exit port 24. Preferably, the adapter disk 28 
and ridges of guide material 30 and 32 are plastic. A ridge 
of radioactive shielding material 34 may extend around 
said exit port 24. 
[0018] A chromatographic column 18 may be posi­
tioned within said internal volume 12 such that a first end 
36 of said column 18 is in fluid communication with said 
entry port 22 and a second end 38 of said column 18 is 
in fluid communication with said exit port 24. In one em­
bodiment, the column 18 may be included in a column 
assembly 20. The column assembly 20, in turn, may com­
prise a column adaptor plate 40 having a radioactive 
shielding plug opening 42, an adaptor plate entry port 44 
and an adaptor plate exit port 46 corresponding to said 
entry port 22 and said exit port 24 of said reactor housing, 
respectively, an adaptor plate vent port 48 (which may 
include a vent filter), and a column housing 50, preferably 
fabricated from radioactive shielding material such as 
lead, tungsten, or depleted uranium. The column assem­
bly 20 may comprise an entry needle 52 and a vent nee­
dle 54 disposed in said adaptor plate entry port 44, and 
an exit connection 56, adapted for fluid communication 
with a changeable sterile needle 58 of a filter module 60. 
An entry pipe 62 may extend from said entry needle 52 
to said first end 36 of said column 18. A vent pipe 64 may 
extend from said vent needle 54 to a safety valve 55 (said 
safety valve 55 protecting said vent filter by preventing 
back pressure from being released onto said vent filter) 
and said safety valve 55 may extend to said vent port 48. 
An exit pipe 66 may extend from said second end 38 of 
said column 18 to said exit connection 50. The column 
18 may be inserted into said internal volume 12 of said 
reactor housing 4 through said opening 16 in said surface 
14 of said reactor housing 4. Alternatively, said, column 
assembly 20 may be positioned such that said column 
18 is disposed in said internal volume 12 of said reactor 
housing 4. The column 18 may comprise at least one 
radioisotope, including but not limited to Mo-99, Tc-99m, 

Y-90, Re-188, or Ga-68. In preferred embodiments, the 
column 18 is fabricated from glass. The column 18 may 
contain alumina in the form of aluminum oxide, Al20 3 
(mp of about 2,000°c and specific gravity of about 4.0). 

s Preferably, the column 18 is a glass column that contains 
aluminum oxide. The aluminum oxide powder preferably 
has a particle size of from about 20 to about 200 µm. In 
addition to the aluminum oxide powder, the column 18 
may also include silica gel having a particle size of from 

10 about 20 to about 100 µ,m. The column 18 may also com­
prise one or more layers or polypropylene filter mem­
branes, deactivated fused silica wool, and/orone or more 
glass filter membranes. The filter membranes preferably 
measure from about 0.2 to about 1 o µ,m and may com-

15 prise polyether sulfone, Acetal plastic plugs with funnel 
drains, or stainless steel tubing with needle and filter 
adaptors. Particularly preferred filter membranes are 
those fabricated from polyether sulfone at a size of 0.2 
µm. 

20 [0019] A delivery vessel 68 may be disposed external 
to said reactor housing 4 and in fluid communication with 
said entry port 22. The delivery vessel 68 may be a 3 to 
20 ml (preferably 10 ml) borosilicate glass vessel. The 
delivery vessel 68 may be contained within a delivery 

25 housing 70 that is fabricated from radioactive shielding 
material such as lead, tungsten, or depleted uranium. 
The delivery housing 70 preferably is fabricated from ra­
dioactive shielding material and has a first end 72 that 
includes a first coupling 74, a second end 76thatincludes 

30 a second coupling 78, and a wall 80 extending between 
said first end 72 and said second end 76. The first cou­
pling 74andsecond coupling 78 may bethreaded or may 
form a lure lock. In certain embodiments, delivery vessel 
68 comprises a solution of at least one radioisotope, in-

35 eluding but not limited Mo-99 or Tc-99m in the form of 
sodium molybdate Mo-99 or sodium pertechnetate Tc-
99m, respectively. In such embodiments, delivery vessel 
68 preferably comprises from about 1 to about 50 Ci (1 
curie (Ci) is 37 gigabecquerels (GBq) exactly and 1 Bug 

40 = 2.027X 10-11 Ci). In other embodiments, delivery vessel 
68 comprises Normal Saline [0.9%] solution. The delivery 
housing 70 may abut a ridge of guide material 30 that 
may be external to said reactor housing 4 and may extend 
around said entry port 22. The delivery housing 70 may 

45 be at least partially contained within a ridge of guide ma­
terial 30 that may be external to said reactor housing and 
may extend around said entry port 22. In certain embod­
iments, an adapter guide ridge 81 may be disposed on 
said adapter disk 28 circumferentially internal to said 

50 ridge of guide material 30. A saline vessel 82 may be 
disposed external to said reactor housing 4, and in fluid 
communication with said entry port 22 and may abut said 
adapter guide ridge 81 (FIG. 4) that extends around said 
entry port 22. The saline vessel 82 may comprise Normal 

55 Saline [0.9%] solution. 

4 

[0020] The generator system 2 may comprise a col­
lection vessel 84 that is disposed external to said reactor 
housing 4 and in fluid communication with said exit port 
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24 via a filter module 60, discussed below with reference 
to FIG. 2. The collection vessel 84 may be evacuated, 
and ultimately is used to collect a solution of at least one 
radioisotope. The collection vessel 84 may be a 1 Oto 30 
ml borosilicate glass vessel. Preferably, the collection 
vessel 84 is a 20 to 30 ml sterile, evacuated, borosilicate 
glass vessel. As shown in FIG. 1, collection vessel 84 is 
contained within a collection housing 86 that is fabricated 
from radioactive shielding material. 
[0021] As shown in FIG. 2, a filter module 60 may be 
disposed external to the reactor housing 4 and may be 
in fluid communication with said exit port 24. The filter 
module 60 may include a radioactive shielding material 
insert 88 that is positioned between said collection vessel 
84 and said reactor housing 4. The filter module 60 pref­
erably holds a sterile 13 to 25 mm filter membrane 90 of 
0.1 to 0.22 µm size, preferably of 0.2 µm size. The filter 
module 60 may be attached via a tread type adaptor to 
join the reactor to a sterile evacuated collection vessel 
84. A changeable sterile needle 58 may be attached to 
the sterile filter90for daily sterile eluting procedures. The 
filter module 60 may abut a ridge of radioactive shielding 
material 34 and/or may abut a ridge of guide material 32 
that is external to said reactor housing 4 and extends 
around said exit port 24. The filter module 60 may be at 
least partially contained within said ridge of radioactive 
shielding material 34 and/or said ridge of guide material 
32. The radioactive shielding material may be lead, tung­
sten, or depleted uranium. 
[0022] The generator system may include a cart 92, 
as shown in FIG. 3. The cart 92 preferably is fabricated 
from steel and lead. The frame is preferably fabricated 
from steel. The walls of cart 92 are preferably lead plates 
or lead brick. The cart 92 may hold a plurality of reactor 
housings 94, 96, 98, 100, 102, 104, and 106 that may 
be fabricated from radioactive shielding material The cart 
92 may also comprise a plurality of delivery vessels 68 
and/or a plurality of evacuated collection vessels 84 
and/or a plurality of saline vessels 82. The cart 92 may 
include a transfer tool 108 that comprises a pick-up and 
release rod 110 having a handle 112 at a first end 114 
thereof and a coupling 116 at a second end 118 thereof 
that is compatible with the first coupling 74of said delivery 
housing 70. The transfertool 108 preferably is a universal 
T-bar handle. The cart 92 may also include a conveyor 
belt 120, or other motion enhancing device, to assist a 
user with moving a delivery housing 70 proximate to a 
reactor housing (e.g., 94, 96, 98,100, 102, 104, and 
106). 
[0023] Methods of radioisotope generation according 
to the invention may be described with reference to FIGs. 
1 and 2. In certain embodiments, such methods involve 
positioning a first delivery vessel 68 comprising a solution 
of at least one radioisotope external to said reactor hous­
ing 4 and in fluid communication with said entry port 22 
for a time and under conditions effective to elute said 
chromatographic column 18 with at least a portion of said 
solution. The first delivery vessel 68 may be positioned 

by mating said first coupling 74 at said first end 72 of said 
delivery housing 70 with transfer tool 108 and lifting the 
delivery housing 70. The coupling 78 at said second end 
76 of said first delivery housing 70 may be mated with a 

s coupling on said reactor housing 4 that is compatible with 
said coupling 78 at said second end 76 of said first de­
livery housing 70. The delivery vessel 68 may be re­
moved from said position relative to said reactor housing 
4 by lifting said delivery housing 70. Subsequent delivery 

10 vessels comprising saline solution or a solution of at least 
one radioisotope may be used to elute said column 18 
with at least a portion of said solutions. A collection vessel 
84 may be positioned external to said reactor housing 4 
and in fluid communication with said exit port 22 via said 

15 filter module 60. The column 18, column assembly 20, 
filter module 60, filter membrane 90, sterile needle 58, 
delivery vessel 68, collection vessel 84 and/or saline ves­
sel 82 may be removed from said reactor housing 1 O and 
may be replaced by subsequent columns, column as-

20 semblies, filter modules, filter membranes, sterile nee­
dles, delivery vessels, collection vessels and/or saline 
vessels, respectively, as appropriate. 
[0024] In certain embodiments, methods of radioiso­
tope generation according to the invention involve the 

25 receipt of customer information including a target output 
of a radioisotope, the addition of a solution of a parent 
radioisotope to a delivery vessel in an amount sufficient 
to produce said target output upon decay of said parent 
radioisotope, and the shipment of said delivery vessel to 

30 said customer. The customer's generator system, in turn, 
may be loaded and re-loaded with varying volumes of 
said parent radioisotope effective to collect specific target 
concentrations of the desired radioisotope. The genera­
tor systems may be re-loaded more than 2 times, more 

35 preferably more than 4 times, and most preferably more 
than 6 times. Preferably, the customer information re­
ceived includes a target output of Tc-99m from 1 to 50 
Ci, and the solution added to the delivery vessel includes 
Mo-99 in an amount sufficient to produce said target out-

40 put upon decay of said Mo-99. 
[0025] A kit for radioisotope generation is also contem­
plated and may be described with reference to Fl Gs. 1-3. 
The kit may include a column 18 or a column assembly 
20, a delivery housing 70 containing a delivery vessel 68 

45 comprising at least one radioisotope, a filter module 60 
comprising a radioactive shielding material insert 88, a 
transfertool 108, a plurality of evacuated collection ves­
sels 84 and a plurality of saline vessels 82. The kit can 
be used to replenish existing reactor housings 4 and 

50 thereby avoids shipment and disposal thereof. 
In addition, exemplary steps for radioisotope generation 
according to the invention may be described with refer­
ence to FIGs. 1-7.Asshown in FIG. 5, a column assembly 
20 may be inserted into an internal volume 12 of a reactor 

55 housing 4 (said reactor housing having an entry port 22 
and an exitport24), through an opening 16 in the surface 
14 of the reactor housing 4. Then, as shown in FIG. 6, 
the opening 16 above the column 18 may be plugged 

5 
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with a radioactive shielding plug 26. Then, as shown in 
FIG. 7, an adapter disk 28, comprising a ridge of guide 
material 30 extending around the entry port 22 and a 
ridge of guide material 32 extending around the exit port 
24, may be disposed on the surface 14 of the reactor 
housing 4. A filter module 60 may then be disposed ex­
ternal to the reactor housing 4 in fluid communication 
with the exit port 24. A delivery vessel 68 containing a 
radioisotope, contained in a delivery housing 70, may 
then be disposed external to the reactor housing 4 and 
in fluid communication with the entry port 22. An evacu­
ated collection vessel 84, contained with a collection 
housing 86, may then be disposed external to the reactor 
housing 4 in fluid communication with the exit port 24 via 
the filter module 60. After waiting a suitable amount of 
time (e.g., more than about three minutes), the collection 
vessel 84 and then the delivery vessel 68 may be re­
moved. An adapter guide ridge 81 may then be disposed 
on the surface of the adapter disk 28 such that it extends 
around the entry port 22. A saline vessel 82 may then be 
disposed external to the reactor housing 4 and in fluid 
communication with the entry port 22. An evacuated col­
lection vessel 84, contained within a collection housing 
86, may then be disposed external to the reactor housing 
4 and in fluid communication with the exit port 24 via the 
filter module 60. After again waiting a suitable amount of 
time, said collection housing 86 may be removed. An 
evacuated collection vessel 84, contained within a col­
lection housing 86, may then be disposed external to the 
reactor housing 4 and in fluid communication with the 
exit port 24 via the filter module 60. The aforementioned 
exemplary steps may be repeated with subsequent de­
liveryvessels, columns, filter modules and collection ves­
sels as may be appropriate. 
[0026] Thus, there have been described systems and 
methods for producing customized, predictable and re­
producible supplies of radioisotopes that do not require 
weekly replacement, handling and transport of heavy 
shielding materials associated with conventional gener­
ators. It will be appreciated that numerous modifications 
may be made to the example embodiments described 
herein, and that such modifications do not depart from 
the scope of the invention as defined by the following 
claims. 

Claims 

1. A system comprising: 

a reactor housing (4) that is fabricated from a 
radioactive shielding material and has both an 
internal volume (12) and a surface (14)that com­
prises an entry port (22) and an exit port (24); 
a first chromatographic column (18) that is po­
sitioned within said internal volume (12) where­
in; 
said first chromatographic column (18) is 

housed within a column assembly (20) compris­
ing: 

a column housing (50) defining an internal 
s space for receiving said first chromato­

graphic column (18); 
a column adaptor plate (40); 
an exit pipe (66) in fluid communication with 
said first chromatographic column (18) via 

10 said column housing (50) and with an exit 
connection (46) that is mounted on said col­
umn adaptor plate (40); and 
an entry pipe (62) in fluid communication 
with said first chromatographic column (18) 

15 via said column housing (50) and with an 
entry needle (52) that is disposed in an 
adaptor plate entry port (44) that is mounted 
on said column 

20 adaptor plate (40); 
wherein said column assembly (20) is config­
ured for insertion as a unit into the internal vol­
ume (12) of said reactor housing (4) through an 
opening in an upper portion of said reactor hous-

25 ing (4); and; 
a filter module (60) that is disposed external to 
said reactor housing (4) and in fluid communi­
cation with said column (18). 

30 2. The system of claim 1 furthercomprisingoneormore 

of the following: 

(i) a delivery vessel (68) that is disposed external 
to said reactor housing (4) and in fluid commu-

35 nication with said first chromatographic column 
(18); 
(ii) a collection vessel (84) that is disposed ex­
ternal to said reactor housing (4) and in fluid 
communication with said first chromatographic 

40 column (18) via said filter module (60); 
(iii) an adapter disk (28) disposed on said reactor 
housing (4), comprising a ridge of material (30) 
that extends around said entry port (22) and a 
ridge of material (34) that extends around said 

45 exit port (24); and 
(iv) a cart (92) that includes one or more of 
a plurality of delivery vessels (68) that each in­
dependently comprises a reactor vessel; 
a plurality of delivery vessels that each inde-

50 pendently comprises a solution of at least one 
radioisotope and is contained within a delivery 
housing that is fabricated from radioactive 
shielding material; 
a plurality of evacuated collection vessels (84); 

55 and 

a plurality of saline vessels (82). 

3. A method comprising the steps of: 

6 
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providing a system that comprises: 

a reactor housing ( 4) that is fabricated from 
a radioactive shielding material and has 
both an internal volume (12) and a surface 
(14) that comprises an entry port (22) and 
an exit port (24); 
a first chromatographic column (18) that is 
positioned within said internal volume (12) 
wherein 
said first chromatographic column (18) is 
housed within a column assembly (20) com­
prising: 

a column housing (50) defining an in­
ternal space for receiving said first 
chromatographic column (18); 
a column adaptor plate (40); 
an exit pipe (66) in fluid communication 
with said first chromatographic column 
( 18) via said column housing (50) and 
with an exit connection (46) that is 
mounted on said column adaptor plate 
(40); and 
an entry pipe (62) in fluid communica­
tion with said first chromatographic col­
umn (18) via said column housing (50) 
and with an entry needle (52) that is dis­
posed in an adaptor plate entry port ( 44) 
that is mounted on said column adaptor 
plate (40); 

wherein said column assembly (20) is con­
figured for insertion as a unit into the internal 
volume (12) of said reactor housing (4) 
through an opening in an upper portion of 
said reactor housing (4); and; 
a first filter module (60) that is disposed ex­
ternal to said reactor housing (4) and in fluid 
communication with said first chromato­
graphic column (18); and 
positioning a first delivery vessel (68) com­
prising a solution of at least one radioiso­
tope external to said reactor housing (4) and 
in fluid communication with said first chro­
matographic column (18) for a time and un-
der conditions effective to elute said first 
chromatographic column (18) with at least 
a portion of said solution; and, 

5 

and/or 
(ii) removing said first filter module (60). 

5. The method of claim 3 comprising the steps of: 

providing said system; and 
positioning a first delivery vessel (68) compris­
ing a solution of at least one radioisotope exter­
nal to said reactor housing (4) and in fluid com-

10 munication with said entry port (44) for a time 
and underconditions effective to elute said chro­
matographic column (18) with at least a portion 
of said solution. 

15 6. The method of claim 3 comprising the steps of: 

20 

providing said system; and 
removing said first chromatographic column 
(18) from said reactor housing (4). 

7. The method of claim 3 further comprising positioning 
a subsequent chromatographic column in said reac­
tor housing (4) such that a first end of said column 
is in fluid communication with said entry port (22) 

25 and a second end of said column is in fluid commu­
nication with said exit port (24). 

8. The method of claim 3 comprising the steps of: 

30 providing said system; and 
removing said first filter module (60). 

9. The method of claim 3 further comprising positioning 
a subsequent filter module external to said reactor 

35 housing (4) and in fluid communication with said exit 
port (24). 

10. The method of claim 3 comprising the steps of: 

40 providing said system; and 

45 

positioning a collection vessel (84) external to 
said reactor housing (4) and in fluid communi­
cation with said exit port (24) via said filter mod­
ule (60). 

11. The method according to claim 3 further comprising 
the steps of: 

positioning a collection vessel (84) external 50 

to said reactor housing (4) and in fluid com­
munication with said exit port (24) via said 
filter module (60). 

receiving customer information including a tar­
get output of a radioisotope; and 
adding a solution of a parent radioisotope to a 
delivery vessel (68) in an amount sufficient to 
produce said target output upon decay of said 
parent radioisotope. 

4. The method of claim 3 further comprising 

(i) removing said first delivery vessel (68) from 
said position relative to said reactor housing ( 4); 

55 

7 

12. The method of claim 11 further comprising shipping 
said delivery vessel (68) to said customer. 
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13. A method comprising the steps of: 

providing a system that comprises: 

15. The method of claim 13 further comprising position­
ing a second delivery vessel comprising saline so­
lution external to said reactor housing (4) and in fluid 
communication with said second chromatographic a reactor housing (4) that is fabricated from a 

radioactive shielding material and has both an 
internal volume (12) and a surface (14)that com­
prises an entry port (22) and an exit port (24); 
and 

s column for a time and under conditions effective to 
elute said second chromatographic column with at 
least a portion of said saline solution. 

a first chromatographic column (18) that is po­
sitioned within said internal volume (12). 
wherein said first chromatographic column (18) 
is housed within a column assembly (20) com­
prising 
a column housing (50) defining an internal space 

16. The method of claim 13 further comprising commu-
10 nicating a target output of at least a second radioi­

sotope to a vendor of said solution of at least a first 
radioisotope. 

for receiving said first chromatographic column 15 Patentanspri.iche 
(18); 
a column adaptor plate (40); 1. System, umfassend: 
an exit pipe (66) in fluid communication with said 
first chromatographic column (18) via said col-
umn housing (50) and with an exit connection 20 

(46) that is mounted on said column adaptor 
plate (40); and 
an entry pipe (62) in fluid communication with 
said first chromatographic column (1 8) via said 
column housing (50) and with an entry needle 25 

(52) that is disposed in an adaptor plate entry 
port (44) that is mounted on said column adaptor 
plate (40); 
wherein said column assembly (20) is config­
ured for insertion as a unit into the internal vol- 30 

ume (12) of said reactor housing (4) through an 
opening in an upper portion of said reactor hous-
ing (4); 
removing said first chromatographic column 
(18) from said internal volume (12) by extracting 35 

said column assembly (20) through an opening 
in an upper portion of said reactor housing (4); 
positioning a second chromatographic column 
within said internal volume (12) by inserting a 
second column assembly through said opening 40 

in said reactor housing (4); 
positioning a first delivery vessel (68) compris-
ing a solution of at least a first radioisotope ex­
ternal to said reactor housing (4) and in fluid 
communication with said second chromate- 45 

graphic column for a time and under conditions 
effective to elute said second chromatographic 
column with at least a portion of said solution: 
and, 
positioning a first collection vessel (84) external 50 

to said reactor housing (4) and in fluid commu­
nication with said second chromatographic col­
umn. 

14. The method of claim 13 further comprising removing 55 

said first delivery vessel (68) from said position rel­
ative to said reactor housing (4). 

8 

ein Reaktorgehause (4), das aus einem Radio­
aktivitat abschirmenden Material hergestellt ist 
und das sowohl ein inneres Volumen (12) als 
auch eine Oberflache (14) mit einer Eintrittsoff­
nung (22) und einer Austrittsoffnung (24) auf­
weist, 
eine erste chromatographische Saule (18), die 
in dem inneren Volumen (12) angeordnet ist, 
wobei 
die erste chromatographische Saule (18) in ei­
ner Saulenanordnung (20) angeordnet ist, die: 

ein Saulengehause (50), das einen inneren 
Raum zum Aufnehmen der ersten chroma­
tographischen Saule (18) definiert, 
eine Saulenanschlussplatte (40), 
ein Austrittsrohrchen (66), das in Fluidver­
bindung steht mit der ersten chromatogra­
phischen Saule (18) Ober das Saulenge­
hause (50) und mit einer Austrittsverbin­
dung (46), die aufderSaulenanschlussplat­
te (40) montiert ist, und 
ein Eintrittsrohrchen (62), das in Fluidver­
bindung steht mit der ersten chromatogra­
phischen Saule (18) Ober das Saulenge­
hause (50) und mit einer Eintrittsnadel (52), 
welche in einerAnschlussplatteneintrittsoff­
nung (44) angeordnet ist, die auf der 
Anschlussplatte (40) montiert ist, umfasst, 

wobei die Saulenanordnung (20) zum EinfOhren 
als eine Einheit in das innere Volumen (12) des 
Reaktorgehauses (4) durch eine Offnung in ei­
nem oberen Absch nitt des Reaktorgehauses (4) 
ausgestaltet ist, und 
ein Filtermodul (60), das auBerhalb des Reak­
torgehauses (4) angeordnet ist und in Fluidver­
bindung mit der Sau le (18) steht. 

2. System nach Anspruch 1, das weiter eines oder 
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mehrere der nachfolgenden Merkmale aufweist: 

(i) ein Abgabebehalter (68), der auBerhalb des 
Reaktorgehauses (4) angeordnet ist und der in 
Fluidverbindung mit der ersten chromatographi- s 
schen Saule (18) steht, 
(ii) ein Sammelbehalter (84), der auBerhalb des 
Reaktorgehauses (4) angeordnet ist und der 
Ober das Filtermodul (60) in Fluidverbindung mit 
der ersten chromatographischen Saule (18) 10 

steht, 
(iii) eine Adapterscheibe (28), die auf dem Re­
aktorgehause (4) angeordnet ist und einen Ma­
terialwulst (30) aufweist, der sich um die Ein­
trittsoffnung (22) herum erstreckt, und einen Ma- 15 

terialwulst (34), der sich um die Austrittsoffnung 
(24) herum erstreckt, und 
(iv) einen Wagen (92), umfassend einen oder 
mehrere aus einer Mehrzahl von Abgabebehal-
tern (68), von denen jeder unabhangig vonein- 20 

ander einen Reaktorbehalter aufweist, 
einer Mehrzahl von Abgabebehaltern, von de­
nen jeder unabhangig voneinander eine Losung 
von zumindest einem Radioisotop aufweist und 
in einem Abgabegehause enthalten ist, welches 25 

aus einem Radioaktivitat abschirmenden Mate-
rial hergestellt ist, 
einer Mehrzahl von evakuierten Sammelbehal­
tern (84) und 
einer Mehrzahl von Salzbehaltern (82). 30 

3. Verfahren, welches die Schritte aufweist: 

Bereitstellen eines Systems, umfassend: 
35 

lenanschlussplatte (40) montiert ist, 
und 
ein Eintrittsr6hrchen (62), das in Fluid­
verbindung steht mit der ersten chro­
matographischen Sau le (18) Ober das 
Saulengehause (50) und mit einer Ein­
trittsnadel (52), welche in einer An­
schlussplatteneintrittsoffnung (44) an­
geordnet ist, die auf der 
Anschlussplatte (40) montiert ist, um­
fasst, 

wobei die Saulenanordnung (20) zum Ein­
fUhren als eine Einheit in das innere Volu­
men (12) des Reaktorgehauses (4) durch 
eine Offnung in einem oberen Abschnittdes 
Reaktorgehauses (4) ausgestaltet ist, und 
ein erstes Filtermodul (60), das auBerhalb 
des Reaktorgehauses (4) 
angeordnet ist und in Fluidverbindung mit 
der Saule (18) steht, und Anordnen eines 
ersten Abgabebehalters (68), der eine Lo­
sung von zumindest einem Radioisotopauf­
weist, auBerhalb des Reaktorgehauses (4) 
und derart in Fluidverbindung mit der ersten 
chromatographischen Saule (18) fUr eine 
Zeitspanne und unter Bedingungen, die 
ausreichen, um die erste chromatographi­
schen Sau le (18) mit zumindest einem Teil 
der Losung zu eluieren, und 

Anordnen eines Sammelbehalters (84) auBer­
halb des Reaktorgehauses (4) derart, dass der 
Sammelbehalter Ober das Filtermodul (60) in 
Fluidverbindung mit der Austrittsoffnung (24) 
steht. 

4. Verfahren nach Anspruch 3, welches weiter umfasst 

ein Reaktorgehause (4), das aus einem Ra­
dioaktivitat abschirmenden Material herge­
stellt ist und das sowohl ein inneres Volu­
men (12) als auch eine Oberflache (14) mit 
einer Eintrittsoffnung (22) und einer Aus­
trittsoffnung (24) aufweist, 
eine erste chromatographische Saule (18), 
die in dem inneren Volumen (12) angeord­
net ist, wobei 

40 (i) Entfemen des ersten Abgabebehalters (68) 
aus der Anordnung relativ zu dem Reaktorge­
h8.use (4) und/oder 

die erste chromatographische Saule (18) in 
einer Saulenanordnung (20) angeordnet 
ist, die: 

ein Saulengeh8.use (50), das einen in­
neren Raum zum Aufnehmen der er­
sten chromatographischen Saule (18) 
definiert, 
eine Saulenanschlussplatte (40), 
ein Austrittsrohrchen (66), das in Fluid­
verbindung steht mit der ersten chro­
matographischen Saule (18) Ober das 
Saulengehause (50) und mit einer Aus­
trittsverbindung (46), die auf der Sau-

(ii) Entfernen des Filtermoduls (60). 

45 5. Verfahren nach Anspruch 3, welches die Schritte 
aufweist: 

Bereitstellen des Systems und 
Anordnen eines ersten Abgabebehalters (68), 

50 der eine Losung von zumindest einem Radioi­
sotop enthalt, auBerhalb des Reaktorgehauses 
(4) und derart in Fluidverbindung mit der Ein­
trittsoffnung (44) tur eine Zeitspanne und unter 
Bedingungen, die ausreichen, um die chroma-

55 tographische Saule (18) mit zumindest einem 
Teil der Losung zu eluieren. 

6. Verfahren nach Anspruch 3, welches die Schritte 

9 
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aufweist: 

Bereitstellen des Systems und 
Entfernen der ersten chromatographischen 
Saule (18) von dem Reaktorgehause (4). s 

7. Verfahren nach Anspruch 3, welches weiter auf­
weist: Anordnen einer nachfolgenden chromatogra­
phischen Saule in dem Reaktorgehause (4) derart, 
dass ein erstes Ende der Saule in Fluidverbindung 10 

mit der Eintrittsoffnung (22) und ein zweites Ende 
der Sau le in Fluidverbindung mit der Austrittsoffnung 
(24) steht. 

8. Verfahren nach Anspruch 3, welches die Schritte 15 

aufweist: 

Bereitstellen des Systems und 
Entfernen des ersten Filtermoduls (60). 

9. Verfahren nach Anspruch 3, welches weiter das An­
ordnen eines nachfolgenden Filtermoduls auBer­
halb des Reaktorgehauses (4) und in Fluidverbin­
dung mit der Austrittsoffnung (24) umfasst. 

10. Verfahren nach Anspruch 3, welches die Schritte 
aufweist: 

Bereitstellen des Systems und 

20 

25 

Anordnen eines Sammelbehalters (84) auBer- 30 

halb des Reaktorgehauses (4) derart, 
dass der Sammelbehalter Ober das Filtermodul 
(60) in Fluidverbindung mit der Austrittsoffnung 
(24) steht. 

11. Verfahren nach Anspruch 3, welches weiter die 
Schritte aufweist: 

35 

Empfangen von Benutzerinformationen ein­
schlieBlich einer anvisierten Ausgabemenge ei- 40 

nes Radioisotops und 
Hinzutugen einer Losung eines Ausgangsradio­
isotops in einen Abgabebehalter (68) in einer 
Menge ausreichend zum Herstellen der anvi­
sierten Ausgabemenge aus der Verfallsreihe 45 

des Ausgangsradioisotops. 

12. Verfahren nach Anspruch 11, welches weiter das 
Abgeben des Abgabebehalters (68) an den Benut-
zer umfasst. 50 

13. Verfahren, welches die Schritte aufweist: 

Bereitstellen eines Systems, umfassend: 

ein Reaktorgehause (4), das aus einem Ra­
dioaktivitat abschirmenden Material herge­
stellt ist und das sowohl ein inneres Volu-

55 

10 

18 

men (12) als auch eine Oberflache (14) mit 
einer Eintrittsoffnung (22) und einer Aus­
trittsoffnung (24) aufweist, und 
eine erste chromatographische Saule (18), 
die in dem inneren Volumen (12) angeord­
net ist, wobei die erste chromatographische 
Saule (18) in einer Saulenanordnung (20) 
angeordnet ist, die: 

ein Saulengehause (50), das einen in­
neren Raum zum Aufnehmen der er­
sten chromatographischen Saule (18) 
definiert, 
eine Saulenanschlussplatte (40), 
ein Austrittsrohrchen (66), das in Fluid­
verbindung steht mit der ersten chro­
matographischen Sau le (18) Ober das 
Saulengehause (50) und mit einer Aus­
trittsverbindung (46), die auf der Sau­
lenanschlussplatte (40) montiert ist, 
und 
ein Eintrittsrohrchen (62), das in Fluid­
verbindung steht mit der ersten chro­
matographischen Sau le (18) Ober das 
Saulengehause (50) und mit einer Ein­
trittsnadel (52), welche in einer An­
schlussplattentrittsoffnung (44) ange­
ordnet ist, die auf 
der Anschlussplatte (40) montiert ist, 
umfasst, 

wobei die Saulenanordnung (20) zum Ein­
fOhren als eine Einheit in das innere Volu­
men (12) des Reaktorgehauses (4) durch 
eine 6ttnung in einem oberen Abschnittdes 
Reaktorgehauses (4) ausgestaltet ist, 

Entfernen der ersten chromatographischen 
Sau le (18) aus dem inneren Volumen (12) durch 
Entnehmen der Saulenanordnu ng (20) durch ei­
ne Offnung in einem oberen Abschnitt des Re­
aktorgehauses (4), 
Anordnen einer zweiten chromatographischen 
Saule innerhalb des inneren Volumens (12) 
durch Eintuhren einer zweiten Saulenanord­
nung durch die Offnung in dem Reaktorgehause 
(4), 
Anordnen eines ersten Abgabebehalters (68), 
der eine Losung von zumindest einem ersten 
Radioisotop enthalt, auBerhalb des Reaktorge­
hauses (4) und derart in Fluidverbindung mit der 
zweiten Saulenanordnung tor eine Zeitspanne 
und unter Bedingungen, die ausreichen, um die 
zweite Saulenanordnung mit zumindest einem 
Teil der Losung zu eluieren, und 
Anordnen eines ersten Sammelbehalters (84) 
auBerhalb des Reaktorgehauses (4) und in 
Fluidverbindung mit der zweiten chromatogra-
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phischen Saule. dans lequel ledit ensemble de colonne (20) est 
configure pour etre insere en tant qu'unite dans 
le volume interne (12) dudit logement de reac­
teur (4) a travers une ouverture dans une partie 

14. Verfahren nach Anspruch 13, welches weiter auf­
weist: Entfernen des ersten Abgabebehalters (68) 
aus dessen Anordnung relativ zu dem Reaktorge­
hause (4). 

15. Verfahren nach Anspruch 13, welches weiter um­
fasst: Anordnen eines zweiten Abgabebehalters, der 
eine Salzlosung enthalt, auBerhalb des Reaktorge­
hauses (4) und derart in Fluidverbindung mit der 
zweiten chromatographischen Saule fUr eine Zeit­
spanne und unter Bedingungen, die ausreichen, um 

s superieure dudit logement de reacteur (4) ; et 
un module de filtre (60) qui est dispose a l'exte­
rieur dudit logement de reacteur (4) et en ccm­
munication fluide avec ladite colonne (18). 

10 2. Systeme selon la revendication 1, comprenant en 
outre un ou plusieurs des elements suivants : 

die zweite chromatographische Sau le mit zumindest 
einem Teil der Salzlosung zu eluieren. 15 

16. Verfahren nach Anspruch 13, welches weiter um­
fasst: Weitergabe der anvisierten Ausgabemenge 
zumindest eines zweiten Radioisotops an einen Lie­
feranten der Losung zumindest eines ersten Radio- 20 

isotops. 

Revendications 
25 

1. Systeme comprenant : 

un logement de reacteur (4) qui est fabrique a 
partir d'un materiau de blindage radioactif et qui 
presente a la fois un volume interne (12) et une 30 

surface (14) qui comprend un orifice d'entree 
(22) et un orifice de sortie (24) ; 
une premiere colonne chromatographique (18) 
qui est positionnee a l'interieur dudit volume in-
terne (12); dans lequel 35 

ladite premiere colonne chromatographique 
(18) est logee a l'interieur d'un ensemble de co­
lonne (20) comprenant : 

un logement de colonne (50) definissant un 40 

espace interne pour recevoir ladite premie- 3. 
re cclonne chromatographique (18) ; 
une plaque d'adaptation de colonne (40) ; 
un tuyau de sortie (66) en communication 
fluideavecladitepremiere colonnechroma- 45 

tographique (18) par l'intermediaire dudit lo­
gement de colonne (50) et avec un raccord 
de sortie (46) qui estmonte surladite plaque 
d'adaptation de colonne (40) ; et 
un tuyau d'entree (62) en communication 50 

fluide avec ladite premiere colonnechroma­
tographique (18) par l'intermediaire dudit lo­
gement de colonne (50) et avec une aiguille 
d'entree (52) qui est disposee dans un ori-
fice d'entree de plaque d'adaptation (44) qui 55 

est monte sur ladite plaque d'adaptation de 
colonne (40) ; 

11 

(i) une cuve de distribution (68) qui est disposee 
a l'exterieur dudit logement de reacteur (4) et en 
communication fluide avec ladite premiere co­
lonne chromatographique (18) ; 
(ii) une cuve de collecte (84) qui est disposee a 
l'exterieur dudit logement de reacteur (4) et en 
communication fluide avec ladite premiere co­
lonne chromatographique (18) par le biais dudit 
module de filtre (60) ; 
(iii) un disque d'adaptation (28) dispose sur ledit 
logement de reacteur (4), comprenant un bour­
relet de matiere (30) qui s'etend autour dudit ori­
fice d'entree (22) et un bourrelet de matiere (34) 
qui s'etend autour dudit orifice de sortie (24) ; et 
(iv) un chariot (92) qui comprend un ou plusieurs 
d'une pluralite de cuves de distribution (68) qui 
comprennent chacune independamment une 
cuve de reacteur; 
d'une pluralite de cuves de distribution qui com­
prennent chacune independamment une solu­
tion d'au mains un radio-isotope et sont conte­
nues a l'interieur d'un logement de distribution 
qui est fabrique a partir d'un materiau de blin­
dage radioactif ; 
d'une pluralite de cuves de collecte sous vide 
(84); et 
d'une pluralite de cuves de solution saline (82). 

Precede comprenant les etapes de : 

fournir un systeme qui comprend : 

un logement de reacteur (4) qui estfabrique 
a partir d'un materiau de blindage radioactif 
et qui presente a la fois un volume interne 
(12) et une surface (14) qui comprend un 
orifice d'entree (22) et un orifice de sortie 
(24); 
une premiere cclonne chromatographique 
(18) qui est positionnee a l'interieur dudit 
volume interne (12) dans lequel 
ladite premiere colonne chromatographi­
que (18) est logee a l'interieur d'un ensem­
ble de colonne (20) comprenant : 
un logement de colonne (50) definissant un 
espace interne pour recevoir ladite premie-

741 of 2568



21 EP 2 011 126 81 22 

re colonne chromatographique (18) ; orifice d'entree (44) pendant une duree et dans 
une plaque d'adaptation de colonne (40) ; des conditions efficaces pour eluer ladite colon-
un tuyau de sortie (66) en communication ne chromatographique (18) avec au mains une 
fluide avec ladite premiere colonne chroma- partie de ladite solution. 
tographique (18) par le biais dudit logement 5 

de colonne (50) et avec un raccord de sortie 6. Procede selon la revendication 3, comprenant les 
(46) qui est monte sur ladite plaque d'adap- etapes de: 
tation de colonne (40) ; et 
un tuyau d'entree (62) en communication fournir ledit systeme ; et 
fluide avec ladite premiere colonne chroma- 10 retirer ladite premiere colonne chromatographi-
tographique (18) par le biais dudit logement que (18) dudit logement de reacteur (4). 
decolonne (50) et avec une aiguille d'entree 
(52) qui est disposee dans un orifice d'en- 7. Procede selon la revendication 3, comprenant en 
tree de plaque d'adaptation (44) qui est outre le positionnementd'une colonne chromatogra-
monte sur ladite plaque d'adaptation de co- 15 phique subsequente dans ledit logement de reacteur 
lonne (40); (4) de telle sorte qu'une premiere extremite de ladite 
dans lequel ledit ensemble de colonne (20) colonne est en communication fluide avec ledit ori-
est configure pour etre in sere en tant qu'ele- fice d'entree (22) et qu'une seconde extremite de 
ment dans le volume interne (12) dudit lo- ladite colonne est en communication fluide avec ledit 
gement de reacteur (4) a travers une ouver- 20 orifice de sortie (24). 
ture dans une partie superieure dudit loge-
ment du reacteur (4) ; et 8. Procede selon la revendication 3, comprenant les 
un premier module de filtre (60) qui est dis- etapes de: 
pose a l'exterieur dudit logement de reac-
teur (4) et en communication fluide avec la- 25 fournir ledit systeme ; et 
dite premiere colonne chromatographique retirer ledit premier module de filtre (60). 
(18) ; et 

9. Procede selon la revendication 3, comprenant en 
positionner une premiere cuve de distribution outre le positionnement d'un module de filtre subse-
(68) comprenant une solution d'au moins un ra- 30 quent a l'exterieur dudit logement de reacteur (4) et 
dio-isotope a l'exterieur dudit logement de reac- en communication fluide avec ledit orifice de sortie 
teur (4) et en communication fluide avec ladite (24). 
premiere colonne chromatographique (18) pen-
dant une duree et dans des conditions efficaces 10. Procede selon la revendication 3, comprenant les 
pour eluer ladite premiere colonne chromate- 35 etapes de: 
graphique (18) avec au mains une partie de la-
dite solution ; et fournir ledit systeme ; et 
positionner une cuve de collecte (84) a l'exte- positionner une cuve de collecte (84) a l'exte-
rieur dudit logement de reacteur (4) et en com- rieur dudit logement de reacteur (4) et en com-
munication fluide avec ledit orifice de sortie (24) 40 munication fluide avec ledit orifice de sortie (24) 
par le biais dudit module de filtre (60). par le biais dudit module de filtre (60). 

4. Procede selon la revendication 3, comprenant en 11. Procede selon la revendication 3 comprenant en 
outre: outre les etapes de : 

45 

(i) retirer ladite premiere cuve de distribution (68) recevoir des informations de client comprenant 
de ladite position par rapport audit logement de une activite cible d'un radio-isotope ; et 
reacteur (4); et/ou ajouter une solution d'un radio-isotope parent 
(ii) retirer ledit premier module de filtre (60). dans une cuve de distribution (68) dans une 

50 quantite suffisante pour produire ladite activite 
5. Procede selon la revendication 3, comprenant les cible lors de la degradation dudit radio-isotope 

etapes de: parent. 

fournir ledit systeme ; et 12. Procede selon la revendication 11 , comprenant en 
positionner une premiere cuve de distribution 55 outre I' expedition de ladite cuve de distribution (68) 
(68) comprenant une solution d'au moins un ra- audit client. 
dio-isotope a l'exterieur dudit logement de reac-
teur (4) et en communication fluide avec ledit 13. Procede comprenant les etapes de : 

12 
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fournir un systeme qui comprend : 

un logement de reacteur (4) qui estfabrique 

solution ; et 
positionner une premiere cuve de collecte 
(84) a l'exterieurdudit logement de reacteur 
(4) et en communication fluide avec ladite a partir d'un materiau de blindage radioactif 

et qui presente a la fois un volume interne 
(12) et une surface (14) qui comprend un 
orifice d'entree (22) et un orifice de sortie 

s seconde colonne chromatographique. 

(24) ; et 
14. Procede selon la revendication 13, comprenant en 

outre le retrait de ladite premiere cuve de distribution 
(68) de ladite position par rapport audit logement de une premiere colonne chromatographique 

(18) qui est positionnee a l'interieur dudit 
volume interne (12), 

10 reacteur (4). 

15. Procede selon la revendication 13, comprenant en 
outre le positionnement d'une seconde cuve de dis-
tribution comprenant une solution saline a l'exterieur 

dans lequel ladite premiere colonne chro­
matographique (18) est logee a l'interieur 
d'un ensemble de colonne (20) 
comprenant: 
un logement de colonne (50) definissant un 
espace interne pour recevoir ladite premie-
re colonne chromatographique (18) ; 
une plaque d'adaptation de colonne (40) ; 
un tuyau de sortie (66) en communication 
fluide avec ladite premiere colonnechroma­
tographique (18) par le biais dudit logement 

15 dudit logement de reacteur (4) et en communication 
fluide avec ladite seconde colonne chromatographi­
que pendant une duree et dans des conditions effi­
caces pour eluer ladite seconde colonne chromato­
graphique avec au moins une partie de ladite solu-

20 tion saline. 

de colonne (50) et avec un raccord de sortie 
16. Procede selon la revendication 13, comprenant en 

outre la communication d'une activite cible d'au 
moins un second radio-isotope a un fournisseur de (46) qui est monte sur ladite plaque d'adap­

tation de colonne (40) ; et 25 ladite solution d'au mains un premier radio-isotope. 
un tuyau d'entree (62) en communication 
fluide avec ladite premiere colonnechroma­
tographique (18) par le biais dudit logement 
de colonne (50) et avec une aiguille d'entree 
(52) qui est disposee dans un orifice d'en­
tree de plaque d'adaptation (44) qui est 
monte sur ladite plaque d'adaptation de co­
lonne (40) ; 
dans lequel !edit ensemble de colonne (20) 
est configure pouretre insere en tant qu'ele­
ment dans le volume interne (12) dudit lo­
gement de reacteur (4) a travers une ouver-
ture dans une partie superieure dudit loge­
ment de reacteur (4) ; et 

30 

35 

retirer ladite premiere colonne chromato- 40 

graphique (18) dudit volume interne (12) en 
extrayant ledit ensemble de colonne (20) a 
travers une ouverture dans une partie su­
perieure dudit logement de reacteur (4) ; 
positionner une seconde colonne chroma- 45 

tographique a l'interieur dudit volume inter-
ne (12) en inserant un second ensemble de 
colonne a travers ladite ouverture dans ledit 
logement de reacteur (4); 
positionner une premiere cuve de distribu- 50 

tion (68) comprenant une solution d'au 
mo ins u n premier radio-isotope a l'exterieur 
dudit logement de reacteur (4) et en com­
munication fluide avec ladite seconde co­
lonne chromatographique pendant une du- 55 

ree et dans des conditions efficaces pour 
eluer ladite seconde colonne chromatogra-
phiq ue avec au moins une partie de ladite 

13 
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:i£¥'±~t~if q:i 0 

24 , t~ t@!fX. ~U ~ ;J~ 21 fiff :l& B"J ~ ~JL :;Lt i::f , ?ff~ 6zb :@_ J¥l-7G 'E1ffi1* fl= * 
2s .. t~trii:fJZ.tU~:J< 24 f;JTJ£8{J*gJE, X9=1, ?JTJ£tzt~J¥!.7G~'E1tl51±?JT 

J£ I* 11=-* ~Jt J:iE 1f ITT:@*~ !fJ( 14 o 

26, 1'~t%~tu~* 2s ?JTJ£1¥J~~JE. ;tti=p, ?JTJ£@~1itx1tt:i~m-r-1~tt1J 

Ji)f:lzEB:M*j[, J5Jfj£Jitf~~14'@J!: PPREMOTE tt14ifJt~ ... lfil~oom~ 
14:f~tk:, ODBC ~~j@J$$X14if!Jttk:, PPCOMM :$J\14;f!Jttk:., PPRESET $X1tt 
t~~-- l;J,& GINA.DLL *1:1tf=if!Jttk: o 

2 7., 1~ 1m 1X.7*U ~ >Jt 21 F.JTJ£ 8"3 ~ ~Jt, 1t 9=1 , 0::tt1£ m!J 1* ~JA -6' ~~ E8 ?JT J£ 

~~•7G~m~ttMB~~~~~~~m~o 

2 8, t~ 1Hi if>l 5fU ~ * 2 7 ?fi J£ s1.1 * ~JE , ;lt i::f:i , ?fi J£ tzt ~-!fr-7G Ji. ii 1XX1 ~ ~ 

~ PJ1* 11=:t:-fultf~ ¥Um J&-L~ J:tt~ft1J!*~h\ f=I o 

29-. 1~W1X7*U~>Jt 28 rff:l~J~l"J*;JE, Jt9=1, ?JTJ£M~~*~~~M~~ 
~~ :BX3Gft fx~ ~~:ii t~ o 

3 o, !ft~Jm tx.7f u ~ * 29 ?JTkt s"J * ;JE, Jt i=r , t1fi :121~J~ tu w #.A 'B' Ji. ct lZ9 t~ 
~~1~E)Z web ixU1£Bf.A?fi:i£~:£~$n~j~}t~41l~5lt@o 

3L *1m:txtU~* 26 m~El"J*~JE, Jti=f, t1JTJ£:Tztf1itrX14~15$~Z¥ 
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M~~~, m~~~~Wfflf•*m~ttM~~~-~-~o 

32-. 1~tfiSt(.5fiJ~5ft: 21 ?Jd£8"3~~, ~r-p, J5Jf5£0;tt12:1tu1*tJA ~-ey !2A 

~~~~M:l£ttM*~~M:tE~-~~a 

33 .. !f~mi'x:tU~* 21 m:l£1¥J~~. Jt:i:f, m:l£1~1tuf*~J. E!§15YtFF 
~~?fi~~-~~~~~~~1¥1~~, *Rm~~~·~~Mffl~~~ 

m~ttM~~~~~#~B':JttM~~~, m~0~~~-~EI~-~~ 

tt~~~*gfim:J£~•~~~m:l£ttM~~, ~~. m:J£0~~~~ 

~El~~~~~~m~ttM~Jf~m:l£~•~1fo 

34-. *~1JiS!fX7fUJif* 26 ?fi:l£Ef1*~JE, ;t{:q-:i, fofij£ PPREMOTE t1\{tf:*~ 

~§mA~fflf~ttMB~~~~*fi~M--~~~&~#ili•B1~~ 

1J7Ll ti !¥J PT :fA.1r*¥!¥ a 

35, f~MtR7fUJif* 34 ?fi3£Ef1*~JE, ~q=i, ?fi3£ PPREMOTE t1\1tf::tt 
§ :f5 ffl -=f- xt ,Pfi :1£ 0 DB C ~ 1$ 5c fHtt 1-Yi~ I{Vfn 'EJ A l¥J tiff {!iiJ ~ c 

3 6, --;f•p fi~j -F ~~- :f_!il t-1· fa)t 1~ f'.1 ffiiJ ~ ~}}. ~ 1~ t::Y: JJX. 0;!:~1~ miJ 1* ~JA ~ !¥J -~ ~ , 

El31lt, i~ 0 ~~'.f~ ffi!J 1* ~JA €:! ~Jf;iiJJ; 1* ff ¥.i ~t ~*it: ~n fix 1~ ~ lf , ?fi:l£ ~ ~g 
115: 

a5Jt~*Jf; ;fD 

@~tt#Bffl, ~ffl~~~m:l£ttMB~~' ~i:p, m:J£@~tt# 

~-~~~~~~~~~~fi, ffi~, M~0~~~~~~ey~~~~ 

t#kfr Jifi:i2E ff ~t ~ ~Jf a 

31 .. :t~J@tx 5f U Jif * 3 6 ?JT it 8':J t)t ~ , -lt r=r , ?fi it JZt *~ tt 14 §~ wi 1± 
Windows-. Unix, Mac OS-. B-X.1§- Linux :Ef~-Fili1T o 

38 .. 1~~tR7fLlJif* 36 m:J£s<:J~~, ;ltc:\=1, mJ£Ji£*¥$J\14~t5fflrt:m 

fi= ?fil2E¥3:~t :ff ~Ji 1¥rri~ o 

3 9., 1~ 3'$ :tXfU ~ * 3 s ?fi J2E 81-'& ~, ;!t rt1 
, ?JTktFfFf-1* fi:: Jiff J£ tt ~t :H 

~il8<:J1Jftk:/E1t5: PPREMOTE $x1tf=1~*-- -~i~l!flro$J\1tf:f~~-- ODBC ~ 

t@J$~1tf:*~~~PPCOMM:$Jdtf:f:l.tf(,PPRESET $Jc1tf:t~~. ~,& GINA.DLL 

$x1tf:;fl~o 

40-. f~~1R~Ll~* 36 m7£ITT~~, ;lti:f, m3£~~!FX1tff&:1¥1ifFtEfl 
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J9J:f¥fii9&Jf ...t 0 

4 L *~m ;f1Z.5fLl ~ * 40 Jijf )28: tt<J i)t ~, ;fl; r.fi , Jijf:i£ 11'" Ni f¥1*~:1: ~ @r:i£ 

ttMft~~-~~~. #fim:1£~~~~~~~~~-~~ttMff~~ 

~l[o 

4 2... -;fiti ffl -T-t'* 11=¥± ~i ~E: *D JJ)t 1~~:i: El"J ~ ~, ~ ~ ~§ ffi: 
a) a~t~:if:t~itil~ D; 

b) JJX;1~~:1:~tuti o; GJ.& 
c)W~•7G. ~-re:i:JJX;W7f'mktttM~lr~~~o~m~JJX;-~ 

jf:f=Q:ilJLl1J< Do 

43, ttzinit'Z5fU~* 42 Ji!f~El"JW~. Ai=f, ?Jf~¥1JJi~iit~itU~D5fr:l 

,P!f:i£JJ>t1~*:i:t~ffiLl~ D ~Bi lfil.7f"frPJfJzElfil7J"1¥·7GI.o 
44, t~tli51X5fU~::}t 42 Ji!i"J£tf0fit~, Jti=f. ?Jfi£lfil.7J"lfl7G'Plit%: 
~-Jlli.7~1R, At&~cnfflt~7F.P!fJ£a~t9Sin1~itLlt~ o; ;fo 

~=W~!R. A~~:i:~~~mJ£~-~ii~~~Dc 

45 ... ;f[~:JJE,fJ.5fU~::}t 42 ?JTJ&El"J~~. i~i)Z~:Ift----wBi15: 

J.Afn J£ ~ /J~ ~ 7G f U J'&: 1~ ~Jr 81 ~ ---ill {3 ~*rt~ : 5¥1J 

})\pjf )£~ ij~ 1¥- 5-G flj t£!1t ~:i[ !¥J ~=ill f* ~:t~i'.r~ 0 

46, 1~1$~J.5fU~* 45 ?JfJ& 8\1~ 4§!-, ;jt 9=1, JiJfJ£~-Jm 1~at:tiffH~1:f5: 
Ji)f:1£~-=im.1-S~t~if~; ;flJ 

Mm:J£frM~:iC~m:I£~•*:iCITTm-m~~~mo 

47 ... ~&~:tx5f!J~* 4s m:I£s"J~4§!-. ~r:r, ?JrJ£~=mlf~a:t~:s:~'P215: 

p]f )£5¥;-im_ 1~ ~ff< tm ; ;f!J 

Mm:1£JJX;•*~~m:I£ttM~~~~-m~~~$o 

48 ... tlttMi~5fU~* 45 Ji!f:1£BJ.J~4§!-, ;jti=f, Ji!fJ£m-im1~:ltfJj;it~~}.ffi 

~~~9tJLo 

~ ... ~M&~~*48mJ£~~~.~~.mJ£~~~-~~-~~ 
r:%t3ilE~ 0 

so, ~fm&;fLl~* 45 f!fi£6"1-1&~. Jtr:p, Jifi~~=J]lf~:iift$~283 

M~~Jto 
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s 1, *~**x.~Ll~* so ?!fJ£B{_J-J& ~, Jti:t=i, ?JTJ£~~BtJ---t-m~~:ff 

tt~~--x~~~,~~~~~~x~~~ITTfil~o 

s 2... - ~~ ~ -:Y-15J1* ff: ±ii!~~ ¥Ll JJJG 1~ ?J& K ~ 70 ff 8tJ ¥± ~t ff~ ftu ~ K , 
?JTJ£a~tff:t£1tu~lf ~m: 

~~•~, Jt~M~~•~ttMtt~~~m~fi~ffm*: ~ 

$~~A$~~~-W$, xm~~ttMtt~~~~~m~MttM 

ff~K~~~~. *ilffiT~JJJG~~~~~ff~~~~#MJJJG~~KH 

~~~l&~tmo 

s3, tf{t@J!'x~U~-* s2 ?!fJ£stJ13:~tff:t£11Ju~if, Jt9=1, tE?ffJ£aJJ1ff 
~~~lf~m~JJJG~~~H~ff~~Bt1~~£~~~~ ... :3G~~~--~ 
~~~tt ~:3G~~~E!tJ?;_§_~ 0 

54 ... tf{t@fx::fLl~>R s2 Ji/fJ£8113:M~:t~ffiU~J![, ;tti::p, ?fii£,OX.1~~1![ 

~ ~~§ :trs 0~N ft1J 1* ~;;. 46' , i~ 0 ~:t~ tu 1* ~JJ. 'El *ii tiiclf PXi ~2 rn ?If~ a~1 
ff~ mu* 1f ~f~±ili 1* fF-11 JJt ff~ fr 0 

55, *t@*x)fLl~* 52 ?/fJ£1fJ¥£~tffN1!JV~iE, Jt9=1, ?Jfi£PJ:tAtrt~ 

~m*§filMLl~m~~~~1**~~. ~~m§m~~,~~,~m, 
rr:· j +R J-'-- Jr:;:i -J;:_t: :E.$_ R.;' 'd'i rl:rZ !fJT- 1-~,,.- Jr:;J -1:± z;i:..; p ::r::I:-hb , , I Tl, l* Ji:.... fi(-i ~ 
)_::Is. J-.. 1J'1::n.}L, 171'C1'<:tfli'n7J<.lE!l't'§J-. s I?-. 171\;'J'rj--. ){!E,lQ,, )I Y.r::J-. ~D<..l'~~JLJ:l'JJ:7,~ 

11=~~0 

s6 .. tf{t@tx::fU~* s2 t1!f~B1¥£~t~Nf'!lLl9Scl![, Jti::p, m~JVt1~~lf 

lili ~ff im tt ~~it itf ~ -ar 1* fF- ±-&ii,~ iLl ?ff~¥± ~t ff :J=S?: 1tU ?J&Jf o 

57" ttzt@t,:VfU~31< 56 J1/f:i£8"JB:~t~~f=IJU~:K, ;tti::p, mkt!XXJ~i~~ 

'filtl5il!i:tt web iX-Ll~~/t~#~l&fi:~ o 
s8, -5¥* ffl r1*fi=~fi~~stJJJ¥t:. i~JJ¥t:'fil15 l;l r tf7~~ = 

a) ~B:MSlt:i:NffilJt~ D 5l!l; 

b) ~PX: f~~:lt ~ f:!JLlt~ D ~!L: ~ & 

c)fr0~H~•~_tH~m~ttM~~~~~Q~~~JJJG-?J&:lt~ 

ftUt~rJ o 

s 9, ti[ 1m iX7f U ~ >R s s ?fr J£ BtJ Ji¥:t:, Jt i:r , fr Jiff ~JE. ~-If!. ~_t IPJ at JE. 

70ffr~¥±$Jt9&:i:t~~ttu1~ u *n?Jf~JJX:1~~il=t2mu:t~ o o 
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a)am-H~~~~~~~ttM~~~~~a; ® 
b):fr~=~~~~M~M~~-~~~~~Oo 

61, flrHliStx.~U~* 58 JiJTJ&B{Jtftt' *:1J1t:Itt---ZV-Et% ~ r ZV-IW: 
a)m~Mm~H~~~~~·~~~~~: ® 
b) m~AAWf:i£~71~1fl7GfrJ¥±~-Hl~iCWiiffi o 

62 ... 1~m:fx7fLl~* 61 ?JTJ£1¥Jt71t, Jti=r, ?JTJ£~_0_;,A?frJ£2~JT-•n 

~m~~-~~~nffl~~~~m~rzv~= 

a)MJ5fr~H~~-7G~J5fr~ttM~~~~~~: ~ 

b)MJ5fr~~M~~~J5fr~~·~w~m~~MJ£~~0 

63 ... ~LZt®tZ5fU~* 61 JiJT~!¥J7J¥t, Jtrfi, ?JTkt~iL1'A?JTJ£~JT-lfL7C 

~m~ttM~~!¥Jft~l¥J~~~~~T~g: 

a)MJ5fr~~~~7G~J5fr3£~-~~~~~*: ~ 

b)MJ5fr~~~~~~J5fr~ttM~~~~~~ttmo 

64, ~Kt®t:V~U~* 61 J5frkt!¥J1J¥t, Arfl, ?JTkt~iL1'A?JTJ£iffi~1¥L=n: 

~m~~·~~!¥Jn*l¥l~~Em~Tzv~= 

~~~~MJ5frktW~•7C~J5frJzt~-~~~~~~o 

65, fKWifX.5fU~* 64 ?JTkta"J1J1t, jt:i::p, ?JT~~~~~b~::ff~~~~" 76 
~~~ ... ~~~~~-~~~~~~mfto 

66 ... ;fLZ1MtJZ.5f1J~* 61 rfrkt8"11J¥t, ;ft:9-1 , PJTkt~1LM?frJ£lfil~1¥=n: 

~~J£ttM~~~n~~~-~M~Tzv~: 

~~~~MJ5fr~~~-7G~J5frJzt~M~~~~~~o 

67,, ;f~~/j'X.5fLl~* 66 ?JT~El{]1J¥t, ;!ti::J=i, ?Jf:i£M~~E!1-~tJ!~~7C 

~~~,~~~~'~X~~~~~~~~l¥Jfl~o 

68... -*rr hA 0 ~ t~ ffiU 1* ~JJ. i:l t* ft¥£ ~1:ff9&il :ffJ J& 1~9& .H l¥J JJ ~t. i~ 

1Jli;;E13~ -Fw¥~: 

a) fr-~~ifi7G_t~~/~¥:t~t~~l[nffi!Jf~ D: 

b) :fr?fi:i£lfil~-xJ-_Jr~iFJJX1~*lft2ttLlt* D; 
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c)Mmj£0~~~-~~~mj£ffM•~~~~•*m~, #~ff 

~~, ~~Mm~tttta~•~0~~~-~~~~~; 

d)Mmj£0~~™~~~~mJ£~~~~~~-~m~; 

e) 5fUffl3fJ£ff~t~*H~~:lir~ifUB:A.£1*~; 

n 5fU ffl ?Jrj£JJJZ 1~~il t=i :tffi ?JT 3£± 1*: 
g)~~~J£±~~$~~$~-; ~& 

h)Mm~~-~~~m~0~~~~~~~~m~~-o 

69., t&tm:fxfLl~>K 68 ?Jr5£81.J7J¥t;;, A~, ?Jr:i£~~~7G~t~ffl-T?Jr 

~~Mft~~~M~o~m-~~~. ~m~m~~•~~~~~o~ 
~ s-rv 
?17 = ~lli. 70 ~ 0 

70, t~tM:fxfLl~>R 68 ?Jr5£8\JJJ1i:2, A~, ?Jr:i£¥±M~~ll~D?Jr~P>t 
f~~i[}:t~0jt}~ Do 

11, 1~1m;txf1J~* 68 ?JrJ£a"17J¥t;;, A~. mJ£0jt:f~mu1*w. B-'E!Ars 
ffl~~~~~M~ttMB~W~M:izE~-~~~-~#~~~m~o 

12, t~:t;@:fxfLl~* 71 ?Jr~8{]7J¥~. ;tt~, ?Jr:i£~~J$i111%~~~%:i.BLtt 

M~0~~~~~~~~~$~~~. M~~~~~~mm~~M~ffl 

~-~MJ£ttMfi~~,MJ£JJJZ•~~~~~~~. ~~~~ffl-T~~ 

~~mJ£ttMft~il~M:izE~®~i[~ill~~~o 

13, t~1m1'x%Ll~* 12 mJ£s<J:111t:. ;tt~, m:i£rtJ?JTJ2f~}_:t~1z;li*:HM 

m~JJJZ•*~~*m~~w•~~m~~~•= 
/>A?fTJ£~mW~~~:fi:;fiL~t:1Jix: 

~~?JTJ£M1 ix/JQ$jt:f1JfifrJ£0~:f~m!J:f*~JA ~ _t; ~:& 

*~AA~~~. ~~.mJ£~*~MJ£ttMH~~,M~n>t·~~, 

~$M~ttM~~~~mJ£~•~~m~~~m~o 

74-. ;f&.t@{;V¥1J~* 68 JiJTitEl"J7J¥£:, ~~, m:J£1±~1ff~jf~#J1J~ w 
~~J£~~~-~~~Q~~~~~~~0~~~-~~~o 

75, t~tw~tU~* 68 ?Jr~ITT7J1±;:, :;ft:9i, ?JTJ£ 0~t~ft1J1*~;\ il)i!ttt 
~~~~~m~ttMff~~~m~~~~~~~~~~~~~~o 

76, 1~'.t;@txtLl~* 75 ?Jr:i£8"111¥±;:, -Arr, JYTJ£M~~t~~b~:ffr&~~ 
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Jtf~§JZ3G~~~~~o 

11, ~~ij;J<.%U~* 68 m~l¥11J¥:t:, i~7Jr:t:m:-w'§ffi1:EWT~lfil7J'~ 
- 1- s - 11i:::: -~-_t. _w Jffi nl- LI==- rr~ 
;-G_Li!Q/~nr~}j',,':/ 13.3\. i::i".l ~ :o3K o 
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-l±~~m±B':; :J.X../I'- ;'JI-.. ~ 

J;gl/22:ITT: 

*~OO~~~~&~fi~~~~, ~A~~, ~&fflr•~~fi~ 

~t ~ 5f1J i~ Wf JJ~ 1~ ?!Slir B"J 7J¥-! ~IJ i& ~ o 

JJY..1i* ~ -ar ~ i~ m:~ ffU iJ I A 1~ ;fill:~ ITT± 1* ~ El"J 1± ~t~ ~ --Jt91~ffl o 

~w, ~~~-~~~ttM~~~*~l¥J*~' m~~~mA~~~6 

~~D~~~~o ~~. fr~~~~. tt*~~~~Wtl%~~moE 

~ ~ E: lPJ a~-1* f'I= rJJ -t-* gJE a-f P-J ~~JJ!i ~u ~ x1E o ifR Ni xt t-E 5Jt * gJE B"-J t~ 1r.51'f J£ , 
PJ £ff J:-fu ~ fN¥ flf J£ f6J ~ o 

{7tltzu' ~ h'Y..1~~~ ( 15iU ~w' CT' MRl, ~psrBz, ~:JltJ~t~~) --~ 

~m~fflf~ffl~~~~ttM*~· ~~A~:frm~~MBfflili~~M 

~~lit~mLlf~ D 0 :fr*%~'fw0l T' *ff~t~~~~fl5LlM< D l~---14JJ'Y..1~9& 

~t0~~0 Jj~~. B:~t*~JEPJ~t~~~®J¥5E1:fl~~N115Ll*D o f9tl:tzo, *¥± 
MB~~~~~om~~~:frfflrm~~~mM~,~~~~~1¥Jffi@~ 

1i1~11Jij~ J*J o ~T JJX;{~~il (imaging suit) 1¥J~~Ff 1JOO~-l-9:it:r}J ~~, ~-1'­

J§ p m Q PT fJ~ J! ~\ 1lfi wz~-5f U l¥J 0 f71j ilo ' t~ [] -OJ {fr T 1~ A fJJ!ti ;fD 7C rg ~ ~~ ~t 
Wt Jt= E i~ l*JT fijg:fi: l¥J ~ tti ~ ~ o 

~~~~.OOl~ffe7~~~*~-~~ffl~m~tt*~ttM*~o 

a~t~~K 100 :@.Jj:~~Jfilf~W~!If~ 120 f~i;-~1JY_t~t~~i[}~fl5UtJ< tJ 110, 

3-t ll~1i9&-~ 130 Jffi:dJ~3JJ~:®.f~r~~Ii~ 1 so *~~~IJnt1~~iU~#JrJfl( o 140o 

:w-~ ~ {~tJiJ2tt-¥ f'~ tu {1§ ·li5·'§ 115 Jx ¥11§" ~ ' if~:tfH~ ~ ' TTL ( ~ 1-* ~ -~ 1* 
~~-)~%Ll&~~~*%~~~~~0 

~ fiX 1i *~fr~ -- /jf !'§] 81 ~t xt¥.t~t ~*O/gX; fJ)G 1~ ~ ~ 1¥J ffl P ft( 0 '.f~ fl5Ll 
~@ffl~±~EI{J, {§.~,g,Jf::~~·f:fr~~~A!l.ft-f $:;1~~~~fJgJtzlfiJ:BX 
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~~AA~~~~~Affi~~~~filoMr~*~AB~~*H#H~f 

J& fj.~ ~ ~ q:i Ettl i~ ~ JJX: fj. J-t~.i im 5t, r!Jii 1* ~ ~im i1M1'- /G IPJ a<J ~ CJ c liP , 
r.:E~t :ff ~1r 1~ mLl13( a 11 o *IJ ~ 1~~K t~ mutt a i 40) Ji~J~t-fu~ffie fj, * ~~, 
*1 *~, ~mu ~ & ~~±fix 1~:ctf1JL ~lit. :frJJ>t 1~u~ mu~ r::r tf1 l!fh I* iN ~ ® ~ 
~st# ii~ at~~~ =1m r[U! * 't~ {£ r2EJ xt:l:iRla ~ffl -=f Fi>G 1~ N ffiV-!¥ ]1jfflff ~1 ~~ 
lttlJ¥l 5t B{J M 1'-ffJ F ~ o o 

xt r 7G l~J fix 1~ rl~.¥, Z-¥ :fr~ t+-Tif ffej ~ , g!p ' ~~ff~~- ff'] IE B'f ~ M 1~ 
fr~~l¥0*Ji5EBt~ti7 a WLl:!z~l, :fr CT j3tia~JHBJ, :lii<JJ, PJ5fUfflB:~t~ l2At:a: 
5E¥Jit:l£ CfYLl:!zo, j\:~{_J 3 cc/sec) xtrrTIAw~w:kJltffffl~J\!5E1fU:I8"J~~1tmlb1frJ C{~Ll 

:!zo, jc~{_J 100 cc)o :frtiJJtzJ§8{J-;Elf&1;'tfit./?;{ C11tl:!zn, :frj\:~1} 10 ~lj 45 

~~mm~)~~~A~•-=f~-~~tf1~•o~•tt~~w~~~~ 

~f~tt~~ttM~~ffl~~AITT:m~~ITT~#~h~tt,~AITTA~ 

~~m~. ~&~~~~~fffil~g~o 

3 I 11= ft ,5X; 1~ ~§. q-1 81 r!Ui J7K ~ ~ tJ:t ~ ;t; JJii a ~J11=J PX: 1~t:I: ~ z f'BJ l¥J ~ tf7 
a~· ' Ji :;g ffl f ~}=: ~1~_fPJJ>41~9& ~ l¥J M 1'- ,E§ )~ 1t D ~ 1m f fJ ;* * T ilJ. j_§ 0 JD 
Y ffl!t <J~ i:~ :fD. tE! , - -Li:~ fix{~~~ ffiU:@: ~ B ~:fr flli-i!' J 81~~J:.19: iE Y ii~ !liffl 
CJ' ~1ta~t~!~W:f:ll3~J37341:t~!JJ~f~sr&ilo :12i~~n1*~ D ~~:tfiltf&1R TTL 

~~, ~~~~~~~ttMB~~~~~~~o~®, ~#~~1¥0~~ 

tt 1>?. 13[( f x11± ~t ~ t§ J~ ff P~ ~ 3=3Wi1X Er-1~ilif§7f ft~:itttf fnJ tv- o 

1±~,~_t, ~ 2 f371J~7~:t$;JUJ.&1~*~81ll:M?l&:i:a B:M~~:i: 200 

i1!1u~~~m11§~3tg~ 220 mil-¥1J¥J:~t~rr~~t2:1M:t3< o 210, * £Lr&1~~~ 
230 nlH1~:t@ii1§~xfil~ 2so f.~-ttJ!JJJ)G~~iit~m'J~ a 2400 lit~~, r±M~ 

*:ir 200 :i2Eiiiif1§%EJt~t\5ii1§~g~ 260 *~*!rJJJx1~~~ 230, 1Bf!, ~ 

~~. ~-&~~ffl%~~-~ffl~~26D~~~~. *ll&fflf~M 

~~Jf 200 *IJfi.Xf~SltiC 230 i¥Jif§[\Y3f~tlE1fSJITT~i:Va 

~~' ~:frxt-~¥~~~*' iiM~¥mmLlM$~~D~~~ 

IPJ at:t£ffiUB:M~:ii*D nX:1~~~ ~t*fr:~~ o 
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Doc code: IDS PTOISB/08a (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Number 12137364 

Filing Date 2008-06-11 

INFORMATION DISCLOSURE First Named Inventor I Stephen E. Hidem 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jenna Zhang 

Attorney Docket Number 56782.1.7 

U.S.PATENTS Remove 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 7996068 2011-08-09 Telischak 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 D 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 
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Application Number 12137364 

Filing Date 2008-06-11 

INFORMATION DISCLOSURE First Named Inventor I Stephen E. Hidem 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jenna Zhang 

Attorney Docket Number 56782.1.7 

R. Klein. "Precise 82RB infusion system for cardiac perfusion measurement using 30 positron emission tomography", 
1 Ottawa-Carleton Institute for Electrical and Computer Engineering School of Information Technology and Engineering D 

(Electrical & Computer Engineering), February, 2005, 147 pages 

2 
LEMER PAX, POSIJET® Integrated FOG dispensing and infusion system, www.lemerpax.com (copyright dale May 

D 2008) 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered I 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 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. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 12137364 

Filing Date 2008-06-11 
INFORMATION DISCLOSURE First Named Inventor I Stephen E. Hidem 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jenna Zhang 

Attorney Docket Number 56782.1.7 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

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 the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

[8J The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

D A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Paul J. Lavanway. Jr./ Date (YYYY-MM-DD) 2013-01-17 

Name/Print Paul J. Lavanway, Jr. Registration Number 64610 

This 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 collection is estimated to take 1 hour 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 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 12137364 

Filing Date: 11-Jun-2008 

Title of Invention: 
INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE 

AND/OR OPERATION AND METHODS OF USE 

First Named Inventor/Applicant Name: Stephen E. Hidem 

Filer: Paul J. Lavanway Jr. 

Attorney Docket Number: 56782.1.7 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Sub-Total in 

USO($) 

Miscellaneous: 

Submission- Information Disclosure Stmt 1806 1 180 180 
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Electronic Acknowledgement Receipt 

EFSID: 14701105 

Application Number: 12137364 

International Application Number: 

Confirmation Number: 7377 

Title of Invention: 
INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE 
AND/OR OPERATION AND METHODS OF USE 

First Named Inventor/Applicant Name: Stephen E. Hidem 

Customer Number: 22859 

Filer: Paul J. Lavanway Jr. 

Filer Authorized By: 

Attorney Docket Number: 56782.1.7 

Receipt Date: 18-JAN-2013 

Filing Date: 11-JUN-2008 

Time Stamp: 15:03:43 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $180 

RAM confirmation Number 1667 

Deposit Account 

Authorized User 

File Listing: 

Document I Document Description 
I 

File Name 
I 

File Size( Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) 
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2226047 

1 Non Patent Literature RKlein-MASc-thesis-2005.pdf no 147 
5199c027 c97cd1 df37f9296f66665c3d7029 

ed98 

Warnings: 

Information: 

4244122 

2 Non Patent Literature Posijet.pdf no 4 
f4131 e1134a2c00962cd96c7bfa6d81 d41 d 

39b39 

Warnings: 

Information: 

3 
Information Disclosure Statement (IDS) 

1 lthSIDS_56782-1-7.pdf 
Form (SBOS) 

612416 

no 4 
7f48ba07ac9ec7dde613d 167baaa4 71207c 

61236 

Warnings: 

Information: 

30548 

4 Fee Worksheet (SB06) fee-info.pdf no 2 
cd c6 7 eb3fe6ebaad4 5 6bf9b2e9 5 a34b4 792 

7f378 

Warnings: 

Information: 

Total Files Size (in bytes) 7113133 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

824 of 2568



Doc code: IDS PTOISB/08a (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Number 12137364 

Filing Date 2008-06-11 

INFORMATION DISCLOSURE First Named Inventor I Stephen E. Hidem 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jenna Zhang 

Attorney Docket Number 56782.1.7 

U.S.PATENTS Remove 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 6450936 2002-09-17 Smith, Ill 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 D 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

EFSWeb2.1.17 

825 of 2568



Application Number 12137364 

Filing Date 2008-06-11 
INFORMATION DISCLOSURE First Named Inventor I Stephen E. Hidem 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jenna Zhang 

Attorney Docket Number 56782.1.7 

1 D 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered I 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 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. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 12137364 

Filing Date 2008-06-11 
INFORMATION DISCLOSURE First Named Inventor I Stephen E. Hidem 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jenna Zhang 

Attorney Docket Number 56782.1.7 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

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 the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

[8J The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

D A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Paul J. Lavanway. Jr./ Date (YYYY-MM-DD) 2012-10-31 

Name/Print Paul J. Lavanway, Jr. Registration Number 64610 

This 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 collection is estimated to take 1 hour 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 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 12137364 

Filing Date: 11-Jun-2008 

Title of Invention: 
INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE 

AND/OR OPERATION AND METHODS OF USE 

First Named Inventor/Applicant Name: Stephen E. Hidem 

Filer: Paul J. Lavanway Jr. 

Attorney Docket Number: 56782.1.7 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Submission- Information Disclosure Stmt 1806 1 180 180 

Total in USO($) 180 
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Electronic Acknowledgement Receipt 

EFSID: 14109899 

Application Number: 12137364 

International Application Number: 

Confirmation Number: 7377 

Title of Invention: 
INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE 
AND/OR OPERATION AND METHODS OF USE 

First Named Inventor/Applicant Name: Stephen E. Hidem 

Customer Number: 22859 

Filer: Paul J. Lavanway Jr. 

Filer Authorized By: 

Attorney Docket Number: 56782.1.7 

Receipt Date: 07-NOV-2012 

Filing Date: 11-JUN-2008 

Time Stamp: 10:45:26 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $180 

RAM confirmation Number 20506 

Deposit Account 

Authorized User 

File Listing: 

Document I Document Description 
I 

File Name 
I 

File Size( Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) 
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1 
Information Disclosure Statement (IDS) 

Form (SBOS) 

612181 

1 OthSIDS_56782-1-7.pdf no 4 
40d0ef1 57217 c37c131 f2dab498f3e572f74 

e6cd 

Warnings: 

Information: 

30540 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
7ec7642e58a08a708024b88e493e645b36~ 

6146b 

Warnings: 

Information: 

Total Files Size (in bytes) 642721 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc code: IDS PTOISB/08a (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Number 12137364 

Filing Date 2008-06-11 

INFORMATION DISCLOSURE First Named Inventor I Stephen E. Hidem 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jenna Zhang 

Attorney Docket Number 56782.1.7 

U.S.PATENTS Remove 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 5395320 1995-03-07 Padda 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20030139640 2003-07-24 Whittacre 

2 20050187515 2005-08-25 Varrichio 

3 20050277833 2005-12-15 Williams 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 D 
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Application Number 12137364 

Filing Date 2008-06-11 

INFORMATION DISCLOSURE First Named Inventor I Stephen E. Hidem 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jenna Zhang 

Attorney Docket Number 56782.1.7 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 LEMER PAX, POSIJET® Integrated FOG dispensing and infusion system, www.lemerpax.com (dale unknown). D 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered I 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 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. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 

EFSWeb2.1.17 

834 of 2568



Application Number 12137364 

Filing Date 2008-06-11 
INFORMATION DISCLOSURE First Named Inventor I Stephen E. Hidem 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Jenna Zhang 

Attorney Docket Number 56782.1.7 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

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 the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

[8J The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

D A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Paul J. Lavanway. Jr./ Date (YYYY-MM-DD) 2012-10-17 

Name/Print Paul J. Lavanway, Jr. Registration Number 64610 

This 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 collection is estimated to take 1 hour 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 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 12137364 

Filing Date: 11-Jun-2008 

Title of Invention: 
INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE 

AND/OR OPERATION AND METHODS OF USE 

First Named Inventor/Applicant Name: Stephen E. Hidem 

Filer: Paul J. Lavanway Jr. 

Attorney Docket Number: 56782.1.7 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Submission- Information Disclosure Stmt 1806 1 180 180 

Total in USO($) 180 
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Electronic Acknowledgement Receipt 

EFSID: 13946975 

Application Number: 12137364 

International Application Number: 

Confirmation Number: 7377 

Title of Invention: 
INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE 
AND/OR OPERATION AND METHODS OF USE 

First Named Inventor/Applicant Name: Stephen E. Hidem 

Customer Number: 22859 

Filer: Paul J. Lavanway Jr. 

Filer Authorized By: 

Attorney Docket Number: 56782.1.7 

Receipt Date: 17-0CT-2012 

Filing Date: 11-JUN-2008 

Time Stamp: 12:09:25 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $180 

RAM confirmation Number 9671 

Deposit Account 

Authorized User 

File Listing: 

Document I Document Description 
I 

File Name 
I 

File Size( Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) 
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4244122 

1 Non Patent Literature Posijet.pdf no 4 
f4131 e1134a2c00962cd96c7bfa6d81 d41 d 

39b39 

Warnings: 

Information: 

2 
Information Disclosure Statement (IDS) 

9thSIDS_56782-1-7.pdf 
Form (SB08) 

612375 

no 4 
074e2688c66b8d9f5564fd3983dceb34095 

a673b 

Warnings: 

Information: 

30547 

3 Fee Worksheet (SB06) fee-info.pdf no 2 
46b4ac40fc217a511c8736598bafa8656c50 

6378 

Warnings: 

Information: 

Total Files Size (in bytes) 4887044 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc code: IDS PTOISB/08a (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Application Number 12137364 

Filing Date 2008-06-11 

INFORMATION DISCLOSURE First Named Inventor I STEPHEN E. HIDEM 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I ZHANG, JENNA 

Attorney Docket Number 56782.1.7 

U.S.PATENTS Remove 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20080177126 2008-07-24 Tate 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 D 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 
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Application Number 12137364 

Filing Date 2008-06-11 
INFORMATION DISCLOSURE First Named Inventor I STEPHEN E. HIDEM 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I ZHANG. JENNA 

Attorney Docket Number 56782.1.7 

1 D 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered I 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 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. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 12137364 

Filing Date 2008-06-11 
INFORMATION DISCLOSURE First Named Inventor I STEPHEN E. HIDEM 
STATEMENT BY APPLICANT 

Art Unit 3763 
( Not for submission under 37 CFR 1.99) 

Examiner Name I ZHANG. JENNA 

Attorney Docket Number 56782.1.7 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

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 the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

[8J The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

D A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Paul J. Lavanway. Jr./ Date (YYYY-MM-DD) 2012-05-31 

Name/Print Paul J. Lavanway, Jr. Registration Number 64,610 

This 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 collection is estimated to take 1 hour 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 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 12137364 

Filing Date: 11-Jun-2008 

Title of Invention: 
INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE 

AND/OR OPERATION AND METHODS OF USE 

First Named Inventor/Applicant Name: Stephen E. Hidem 

Filer: Paul J. Lavanway Jr. 

Attorney Docket Number: 56782.1.7 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Submission- Information Disclosure Stmt 1806 1 180 180 

Total in USO($) 180 
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Electronic Acknowledgement Receipt 

EFSID: 12904076 

Application Number: 12137364 

International Application Number: 

Confirmation Number: 7377 

Title of Invention: 
INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE 
AND/OR OPERATION AND METHODS OF USE 

First Named Inventor/Applicant Name: Stephen E. Hidem 
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the application. 
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22859 Patent Case No.: 56782.1.7 

Customer Number 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Application No.: 

Filed: 

Title: 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

STEPHEN E. HIDEM 

12/137,364 Group Art Unit: 3763 

June 11, 2008 Examiner: Jenna ZHANG 

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED 
MAINTENANCE AND/OR OPERATION AND METHODS OF USE 

INTERVIEW SUMMARY 

Applicant thanks the Examiner for her time and the courtesies extended during the 

telephonic interview conducted on April 26, 2012, and the follow-up interview conducted on 

May 03, 2012. Examiner Janna Zhang and Applicant's representative Paul J. LaVanway, Jr. 

(Reg. No. 64,610) were involved in the telephonic interviews. The parties discussed rejected 

independent claim 1. The parties also discussed Bergner (U.S. Patent No. 4,585,941) and 

Mozley et al. (U.S. Patent No. 3,714,429), which were previously cited by the Patent Office. No 

exhibits were introduced or discussed. 

Applicant's representative noted distinctions between the independent claim and the 

previously applied references. For example, Applicant's representative discussed how neither 

Bergner nor Mozley, whether taken alone or in combination, disclose or suggest a method that 

includes receiving a display of time lapsed since an elution was completed. 

During the course of discussion, the Examiner suggested that Bergner appears to provide 

a basis for determining a time lapsed since elution was completed and that Mozley appears to 

teach a display of time lapsed. Applicant's representative respectfully disagreed with the 

characterization of both Bergner and Mozley advanced by the Examiner. Applicant's 

representative noted that Bergner does not discuss determining a time lapsed since elution was 

completed or in any way indicate that such a parameter could be useful. In particular, 

Applicant's representative noted that even with the data displayed in cited FIGS. 2 and 3 of 

Bergner and knowledge of the radioactive decay ofRubidium-82, it would not be possible to 

1 
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determine a time lapsed since elution was completed because the data in FIGS. 2 and 3 of 

Bergner do not provide any indication how much time has passed since an elution was 

completed. This is contrary to the characterization of Bergner previously advanced by the 

Examiner. 1 Moreover, Applicant's representative pointed out that Mozley does not display a 

time lapsed but rather a time lapse summation picture of radioactivity distribution in a selected 

plane of a patient. 2 

The Examiner agreed that the pending claims appeared distinguishable over the cited 

references, although the Examiner indicated that further search and examination of the claims 

would be required. The Examiner is invited to telephone the undersigned attorney to discuss this 

application further. 

Dated: May 17, 2012 

FREDRIKSON & BYRON, P.A. 
200 South Sixth Street, Suite 4000 
Minneapolis, MN 55402-1425 USA 
Telephone: (612) 492-7387 
Facsimile: (612) 492-7077 

Respectfully submitted, 

/Paul J. LaVanway, Jr./ 

Paul J. LaVanway, Jr. 
Registration No. 64,610 

Please grant any extension of time necessary for entry; charge any fee due to Deposit Account No. 06-1910. 

5138351 I.DOC 

1 See Final Office Action dated February 04, 2011, at page 11. 
2 See Mozley at col. 10, 11. 10-12. 

2 
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characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
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U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
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the application. 
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Application No. 

12/137,364 
Applicant-Initiated Interview Summary 

Examiner 

JENNA ZHANG 

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

(1) JENNA ZHANG. 

(2) PAUL LAVANWAY. JR. 

Date of Interview: 03 Mav 2012. 

Type: IZI Telephonic 0 Video Conference 
0 Personal [copy given to: 0 applicant 

Exhibit shown or demonstration conducted: 0 Yes 
If Yes, brief description: __ . 

(3) __ . 

(4) __ . 

0 applicant's representative] 

0No. 

Issues Discussed 0101 0112 1Z1102 0103 OOthers 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: j. 

Identification of prior art discussed: Bergner (US Pat. No. 4.585.9411. 

Substance of Interview 

Applicant(s) 

HIDEM ET AL. 

Art Unit 

3763 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Discuss the claim limitation of "time lapsed since the elution was completed" and Examiner's interpretation and 
rejection for this limitation. Applicant's explanation of the prior art and upon further review of Bergner. Examiner agrees 
that Bergner does not explicitlv disclose the step of "receiving from the computer. via the computer intervace a displav 
of time lapsed since the elution was completed" as claimed: however. the Examiner continues to note that Bergner 
appears to provide the importance of determining time lapsed since elution was completed since Bergner discloses 
the importance of monitoring radioactivitv level in the patient during a treatment period to ensure that repeated dosing 
or treatment sessions is maintained at a safe level of radioactivitv. 

Applicant recordation instructions: 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 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

0 Attachment 

/J. Z./ /Nicholas D Lucchesi/ 
Examiner, Art Unit 3763 Supervisory Patent Examiner, Art Unit 3763 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 8/11/2010) Interview Summary PaperNo.20120503 
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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 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 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 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 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 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) 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 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 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 of the 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 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 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, 
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 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 examiner's initials. 
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Application No. Applicant(s) 

Applicant-Initiated Interview Summary 
12/137,364 HIDEM ET AL. 

Examiner Art Unit 

JENNA ZHANG 3763 

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

(1) JENNA ZHANG. (3) __ . 

(2) PAUL LAVANWAY. JR .. (4) __ . 

Date of Interview: 26 April 2012. 

Type: ~ Telephonic 0 Video Conference 
0 Personal [copy given to: 0 applicant 0 applicant's representative] 

Exhibit shown or demonstration conducted: 0Yes 0No. 
If Yes, brief description: __ . 

Issues Discussed 0101 0112 0102 ~103 OOthers 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: j. 

Identification of prior art discussed: Bergner (US Pat. No. 4.585.941 I and Mozlev et al (US Pat. No. 3. 714.4291. 

Substance of Interview 
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Discuss the claim limitation of "a displa'i.. of time lapsed since the elution was completed" and Examiner's 
interpretation and reiection for this limitation. Discuss the computed time lapse summation picture as taught b'i.. Mozie'!. 
et al with respect to "a displa'i.. of time lapsed" required b'i.. the claims. Applicant noted the difference between the two 
and further noted that Bergner et al does not teach of "time lapsed since the elution was completed" as required b'i.. the 
claim. Examiner notes that Bergner appears to provide a basis for determining time lapsed since elution was 
completed. Although applicant's arguments appears to distinguish the instant claims from the current grounds of 
reiection. further consideration of the Bergner and the art is required. 

Applicant recordation instructions: 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 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

0 Attachment 

/J. Z./ /Nicholas D Lucchesi/ 
Examiner, Art Unit 3763 Supervisory Patent Examiner, Art Unit 3763 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 8/11/2010) Interview Summary PaperNo.20120426 
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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 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 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 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 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 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) 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 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 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 of the 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 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 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, 
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 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 examiner's initials. 
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22859 Patent Case No.: 56782.1.7 

Customer Number 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Application No.: 

Filed: 

Title: 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

STEPHEN E. HIDEM 

12/137,364 Group Art Unit: 3763 

June 11, 2008 Examiner: Jenna ZHANG 

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED 
MAINTENANCE AND/OR OPERATION AND METHODS OF USE 

RESPONSE 

In response to the Office Action mailed January 20, 2012, the period of response for 

which runs through April 20, 2012, reconsideration of the application is respectfully requested in 

view of the following remarks. 

Remarks begin on page 2 of this paper. 
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REMARKS 

These Remarks are responsive to the Office Action dated January 20, 2012. Claims 1-24 

remain pending, with claims 18-24 withdrawn from consideration. Reconsideration of the 

application is respectfully requested. 

Claim Rejections Under 35 U.S.C. § 103(a) 

In the Office Action, claims 1, 2, 9, and 11 were rejected under 35 U.S.C. § 103(a) as 

purportedly being unpatentable over Bergner (US 4,585,941) in view of Mozley et al. (US 

3,714,429, hereinafter "Mozley"). In addition, claims 3-8 were rejected under 35 U.S.C. 

§ 103(a) as purportedly being unpatentable over Bergner and Mozley in further view of Gerhart 

(US 3,774,036), claim 12 was rejected under 35 U.S.C. § 103(a) as purportedly being 

unpatentable over Bergner and Mozley in further view of Graves et al. (US 7,163,031, 

hereinafter "Graves"), and claim 17 was rejected under 35 U.S.C. § 103( a) as purportedly being 

unpatentable over Bergner and Mozley in further view of Argarwal et al. (US 4,096,859, 

hereinafter "Argarwal"). 

Applicant respectfully traverses the rejections. The applied references fail to disclose or 

suggest the features defined by the claims, and there would have been no apparent reason for 

modification to arrive at the claimed features. 

Independent Claim 1 

Independent claim 1 is directed to a method for operating an infusion system. The 

method includes entering, into a computer, via a computer interface, a command to activate a 

pump in order to generate an eluate and receiving an indication, from the computer, via the 

computer interface, that an elution is completed. The method of independent claim 1 also 

requires receiving from the computer, via the computer interface, a display of time lapsed since 

the elution was completed. 

In support of the rejection of independent claim 1, the Office Action acknowledged that 

Bergner does not disclose a method that includes receiving from a computer, via a computer 

interface, a display of time lapsed since an elution was completed.1 The Office Action then cited 

1 See Office Action dated January 20, 2012, at page 3. 
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Mozley in an attempt to overcome this deficiency. 2 The Office Action alleged that column 7, 

line 66 through column 10, line 30 of Mozley discloses "receiving and displaying the time 

elapsed to show the user the radioactivity distribution of the treatment," and that it would have 

been obvious to modify the technique of Bergner in view of Mozley "such that the radioactivity 

distribution can be seen by the user."3 However, the cited portion of Mozley only describes a 

"time lapse summation picture of radioactivity distribution."4 The cited passage does not 

disclose receiving a display of time lapsed since an elution was completed, as per claim 1. 

Accordingly, the Office Action did not establish that Bergner in view of Mozley discloses each 

and every feature of claim 1, as required to support a rejection under 35 U.S.C. § 103. 

Mozley is directed to a method for tomographic imaging that uses a radioisotopic 

detector. 5 Mozley explains that the radioisotopic detector includes a scintillation camera with 

collimator that moves back and forth in a linear motion during operation. 6 Mozley also describes 

that accumulated radioactive count information can be computed, stored, retrieved, and 

selectively integrated to produce a tomographic image of radioactive distribution in any selected 

plane in a field scanned. 7 

Mozley does not, however, disclose or suggest a technique that receives a display of time 

lapsed since an elution was completed, as per claim 1. The only discussion of time lapse within 

the cited portion of Mozley is time-lapse summation of radioactive count rate information.8 For 

example, Mozley describes that a "computer 70 may be programmed to permit time-lapsed 

summation of the information obtained in the respective passes during the scanning operation."9 

Mozley further describes that "computing means may then accomplish, by a time lapse 

summation, the accentuation of the radioactive distribution in any plane located in the scanned 

field below the surface of the crystal." 10 In particular, Mozley describes the use of time-lapse 

summation as follows: 

[T]he location of radioactive source in the field may be precisely located and 
complete tomographic imaging of the radioactivity distribution in the total field 

2 See id. 
3 Id. at page 4. 
4 Mozley at col. 10, 11. 10-12. 
5 See id. at Abstract. 
6 See id. 
7 See id. 
8 See id. at Abstract, col. 9, 11. 42-45. 
9 Id. at col. 9, 11. 42--45. 
10 Id. at col. 7, 11. 56-59. 
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may be obtained by suitable summing of count rate information collected by each 
of the collimator holes during the entire scan. 11 

The cited portion of Mozley concludes that "a computed time lapse summation picture of 

radioactivity distribution in [a] selected plane may thus be presented on the face of the cathode 

ray tube 101. In the computed picture, radiation actually originating from the selected plane 

which will be located a distance corresponding to the chosen 1 value below the camera will be 

displayed in its true position."12 

Thus, unlike claim 1 which requires receiving a display of time lapsed since an elution 

was completed, the time lapse in Mozley is not since an elution was completed. Rather, the time 

lapse in Mozley is time lapsed during passes in a scanning operation. 13 Mozley does not in 

anyway disclose or suggest that the time lapse described in the reference is since an elution was 

completed. Indeed, Mozley does not even describe generating an eluant or completing an 

elution. 

Nor is the time lapse described by Mozley in anyway displayed. As indicated above, 

Mozley uses time lapse summation information to generate a picture of radioactivity distribution. 

While Mozley explains that this radioactivty distribution picture can be presented, the cited 

portion of Mozley does not disclose or suggest displaying the time lapse itself. This is contrary 

to claim 1, which recites "receiving a display of time lapsed since an elution was completed." 

Accordingly, because Mozley does not disclose receiving a display of time lapsed since 

an elution was completed, and because the Office Action conceded that Bergner does not 

disclose this feature of independent claim 1, Bergner in view of Mozley likewise does not 

disclose receiving a display of time lapsed since an elution was completed. For at least this 

reason, the Office Action failed to establish a prima facie case of obviousness of independent 

claim 1. 

Dependent Claims 

Claims 2-17 depend from independent claim 1 and are patentable for at least the reasons 

given above with respect to the independent claim, as well as upon additional patentable features 

and elements claimed in the dependent claims but not explicitly discussed herein. None of the 

11 Id. at col. 7, 11. 59-65. 
12 Mozley at col. 10, 11. 10-17. 
13 See, e.g., id. at col. 9, 11. 42-45. 
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other references cited in the Office Action overcome the deficiencies evident in Bergner and 

Mozley, as set for above with respect to independent claim 1. 

For example, Bergner in view of Mozley does not disclose or suggest a method that 

includes entering, into a computer, via a computer interface, a volume of eluant contained in a 

reservoir, prior to the elution, as per claim 2. In support of the rejection of claim 2, the Office 

Action cited column 4, line 4 through column 5, line 32 of Bergner as allegedly disclosing this 

feature of claim 2. 14 This portion of Bergner generally describes different switches for an 

infusion pump controller 60 and dosimetry controller 62. For example, Bergner describes that 

the infusion pump controller 60 includes switches 74 to select the total volume to be eluted and a 

flow rate control 80 to set the pulse rate of a stepping motor. 15 Bergner continues to describe 

that the dosimetry controller 62 has a first set of thumbwheel switches 94 used to set the volume 

to be infused into the patient and thumbwheel switches 98 used to set the total dose (mCi) which 

is to be infused into the patient. 16 The cited portion of Bergner does not describe entering a 

volume of eluant contained in a reservoir, as per claim 2. 

Applicant notes that Bergner is a complex reference and the Office Action cited a large 

portion of the reference as allegedly disclosing the features of claim 2-features Applicant did 

not locate in the cited passage. Applicant respectfully requests that if any rejection of claim 2 

based on Bergner is maintained that the Examiner provide a subsequent Non-Final Office Action 

designating the particular portion of the reference relied upon to support the rejection. 17 

CONCLUSION 

It is submitted that all claims in this application are in condition for allowance. Applicant 

respectfully requests reconsideration and prompt allowance of all pending claims. 

In view of the fundamental differences identified above, Applicant reserves further 

comment concerning the additional features set forth in the claims. However, Applicant does not 

acquiesce in the propriety of the Office Action's application or interpretation of the references 

14 See Office Action dated January 20, 2012, at page 4. 
15 See Bergner at col. 4, 11. 30-40. 
16 See id. at col. 5, 11. 3-12. 
17 37 C.F.R. § l.104(c)(2) ("When a reference is complex or shows or describes inventions other than that claimed 
by the applicant, the particular part relied on must be designated as nearly as practicable. The pertinence of each 
reference, if not apparent, must be clearly explained and each rejected claim specified."). 
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with respect to the claims, and reserves the right to present additional arguments in any further 

prosecution of this application. 

The Commissioner is authorized to charge any deficiencies and credit any overpayments 

to Deposit Account No. 06-1910. The Examiner is invited to telephone the undersigned attorney 

to discuss this application. 

Dated: April 20, 2012 

FREDRIKSON & BYRON, P.A. 
200 South Sixth Street, Suite 4000 
Minneapolis, MN 55402-1425 USA 
Telephone: (612) 492-7387 
Facsimile: (612) 492-7077 

Respectfully submitted, 

/Paul J. LaVanway, Jr./ 

Paul J. LaVanway, Jr. 
Registration No. 64,610 

Please grant any extension of time necessary for entry; charge any fee due to Deposit Account No. 06-1910. 

5094135 I.DOC 
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Application/Control Number: 12/137,364 

Art Unit: 3763 

DETAILED ACTION 

Page 2 

1. In response to the Amendments filed on April 28, 2011, claim 1 is amended. 

Currently, claims 1-17 are still pending. 

Continued Examination Under 37 CFR 1. 114 

2. A request for continued examination under 37 CFR 1 .114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1 .114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1 .114. Applicant's submission filed on April 1, 

2011 has been entered. 

Claim Rejections - 35 USC § 103 

3. 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. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
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4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

Page 3 

4. This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

5. Claims 1, 2, 9, and 11 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Bergner (US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 

3,714,429). 

Regarding claim 1, Bergner teaches a method for operating an infusion system, 

the system comprising: an eluant reservoir, a pump (64) coupled to the reservoir, an 

infusion tubing circuit (Fig. 1 ), a radioisotope generator (28), an activity detector (58), a 

waste bottle (42) and a computer (60, 62) including a computer interface, the infusion 

tubing circuit including an eluant line coupled to the pump and to the generator, a waste 

line coupled to the generator and to the waste bottle, and a patient line coupled to the 

generator (col. 3, line 23 until col. 4, line 53; Fig. 1 ), the method comprising: 
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entering, into the computer, via the computer interface, a command to 

activate the pump in order to generate an eluate from a portion of a volume of 

eluant pumped through the generator, via an elution within the generator; 

receiving an indication, from the computer, via the computer interface, that 

the elution is completed, when the pump has completed pumping the portion of 

the volume of eluant; and 

receiving an indication, from the computer, via the computer interface, of 

time lapsed since the elution was completed (col. 4, line 7 until col. 6, line 19). 

Although Bergner discloses that an indication received, Bergner does not teach 

that a display of time is received form the computer as required by the instant claims. It 

is noted, however, that Mozley et al teaches that receiving and displaying the time 

elapsed to show the user the radioactivity distribution of the treatment (col. 7, line 66 

until col. 10, line 30). Therefore, it would have been obvious to one of ordinary skill in 

the art at the time of the invention to modify the method of operating an infusion system 

of Bergner with the feature of receiving from the computer, via the computer interface, a 

display of time lapsed since the elution was completed as taught by Mozley et al such 

that the radioactivity distribution can be seen by the user. 

Regarding claim 2, Bergner teaches entering, into the computer (60, 62), via a 

computer interface, the volume of eluant contained in the reservoir, prior to the elution; 

and receiving, from the computer interface, an indication of a volume of eluant in the 

reservoir, based upon tracking the portion of the volume of eluant that is pumped from 

the reservoir (col. 4, line 4 until col. 5, line 32). 
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Regarding claim 9, Bergner teaches coupling the patient line to a shielded test 

vial in order to collect a sample of the eluate from the patient line during the elution; 

measuring an activity of the sample; and entering into the computer, via the computer 

interface, the measured activity of the sample and a time between completion of the 

elution and measuring of the activity, so that the computer may calculate a calibration 

coefficient for the infusion system based on the measured activity and an activity of the 

eluate detected, during elution, by the activity detector of the system (col. 6, line 21 until 

col. 9, line 48). 

Regarding claim 10, Bergner teaches selecting a calibration procedure of the 

computer, via the computer interface, prior to entering the command to activate the 

pump (col. 4, line 26 until col. 9, line 48) but does not teach that the step of coupling the 

patient line to the shielded test vial is instructed by the computer interface, after 

selecting the calibration procedure. However, it would have been obvious to one of 

ordinary skill in the art at the time of the invention to modify the device of Bergner so 

that the controllers 60, 62 would notify the user to perform the step of coupling the 

patient line to the shielded test vial for an automated reminder to the user to increase 

the safety of the treatment. 

Regarding claim 11, Bergner teaches purging air from the patient line; coupling 

the patient line to a patient, after purging, in order to inject a dose of the eluate to the 

patient from the patient line; and receiving a report from the computer, upon completion 

of the elution, the report including a patient identification number and at least one 
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quantification of the dose of the eluate (col. 3, line 63 until col. 4, line 6 and lines 36-53; 

col. 6, lines 1-19). 

Regarding claims 13-16, Bergner teaches 

receiving an indication, from the system, that the eluate is being diverted, 

from the generator, through the waste line of the infusion tubing circuit, when the 

pump is activated; and receiving an indication, from the system, that the eluate is 

being diverted from the generator, through the patient line of the infusion tubing 

circuit, when the pump is activated (col. 5, lines 8-24); 

receiving an indication from the system that a peak bolus of radioactivity 

has been detected, in the eluate, by the activity detector (col. 7, line 1 until col. 9, 

line 47); and 

wherein the system further comprises a light projector (104, 96, 100, 108; 

col. 9, line 49 until col. 10, line 11); 

Although Bergner teaches the use of flashing and solid light projections from the light 

projector (106, 108) as alerting notifications (col. 11, line 46 until col. 12, line 29), 

Bergner does not teach that the indication that the eluate is being diverted through the 

waste line is a flashing light projection, the indication that the eluate is being diverted 

through the patient line comprises a solid light projection from the light projector, and 

the indication that the peak bolus of radioactivity has been detected comprises a 

flashing light from the light projector. However, it would have been obvious to one of 

ordinary skill in the art at the time of the invention to modify the device of Bergner with 

the use of flashing and solid light projections as the indication that the eluate is being 
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diverted through the waste line is a flashing light projection, the indication that the eluate 

is being diverted through the patient line comprises a solid light projection, and the 

indication that the peak bolus of radioactivity has been detected comprises a flashing 

light from the light projector, to provide a notification that alerts the user. 

6. Claims 3-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Bergner (US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 3,714,429) further 

in view of Gerhart (US Pat. No. 3,774,036). 

Regarding claim 3, Bergner teaches coupling the patient line of the infusion 

tubing circuit to a first shielded test vial, in order to collect a first sample of the eluate 

from the patient line during the elution; measuring an activity of the first sample; and 

entering into the computer, via the computer interface, the measured activity of the first 

sample and a time between completion of the elution and the measuring of the activity 

(col. 3, line 55 until col. 5, line 68). However, Bergner does not teach method step of the 

computer calculating a breakthrough of the generator as required by the amended 

instant claim. It is noted that Gerhart teaches that breakthrough testing is performed to 

ensure the safety of a radioactive treatment dosage (col. 2, lines 27-39). Therefore, it 

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

modify the method of Bergner with a breakthrough test procedure as taught by Gerhart 

to ensure the safety level of the treatment. Furthermore, it would have been obvious to 

one of ordinary skill in the art at the time of the invention to modify the device of Bergner 

so that the controllers 60, 62 perform the breakthrough test to calculate a breakthrough 

874 of 2568



Application/Control Number: 12/137,364 

Art Unit: 3763 

Page 8 

of the generator since the controllers 60, 62 controls the operations of the device of 

Bergner. 

Regarding claim 4, Bergner does not teach selecting a breakthrough test 

procedure of the computer, via the computer interface, prior to entering the command to 

activate the pump; and wherein coupling the patient line to the first shielded test vial is 

instructed by the computer interface, after selecting the breakthrough test. However, as 

explained for claim 3 above, Bergner in view of Gerhart teaches performing a 

breakthrough test procedure prior to entering the command to activate the pump to 

ensure the safety level of the treatment. Furthermore, it would have been obvious to 

one of ordinary skill in the art at the time of the invention to modify the device of Bergner 

so that the controllers 60, 62 would notify the user to perform the step of coupling the 

patient line to the shielded test vial for an automated reminder to the user to increase 

the safety of the treatment. Hence, the modified method of Bergner in view of Gerhart 

discloses selecting a breakthrough test procedure of the computer, via the computer 

interface, prior to entering the command to activate the pump; and wherein coupling the 

patient line to the first shielded test vial is instructed by the computer interface, after 

selecting the breakthrough test. 

Regarding claim 6, the modified method of Bergner further teaches selecting a 

calibration procedure of the computer, via the computer interface, prior to entering the 

command to activate the pump for the second time; and wherein coupling the first new 

patient line to the second shielded test vial is instructed by the computer interface, after 
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selecting the calibration procedure, as set forth for claim 10 (col. 6, line 21 until col. 9, 

line 48). 

Regarding claims 5 and 7, Bergner further teaches repeating the steps of claim 

1, wherein the pump is activated a second time and a second elution takes place, in 

order to fill the second vial with a second sample of the eluate from the first new patient 

line; measuring an activity of the second sample; and entering into the computer, via the 

computer interface, the measured activity of the second sample and a time between 

completion of the second elution and the measuring of the activity of the second 

sample, so that the computer may calculate a calibration coefficient for the infusion 

system based on the measured activity of the second sample and an activity of the 

eluate detected, during the second elution, by the activity detector of the system. 

Bergner also teaches purging air from the second patient line; and repeating the steps 

of claim 1, wherein the pump is activated a third time and a third elution takes place, in 

order to inject a dose of the eluate to the patient from the second patient line (col. 6, line 

21 until col. 9, line 48). 

Regarding claim 8, Bergner further teaches receiving a report from the 

computer, upon completion of the third elution, the report including a patient 

identification number and at least one quantification of the dose of the eluate (col. 5, 

lines 41-68 and col. 9, line 49 until col. 10, line 11 ). 
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7. Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner 

(US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 3, 714,429) further in view 

of Graves et al (US Pat. No. 7, 163,031 B2). 

Regarding claim 12, Bergner teaches the use of displays but does not teach a 

touch-activated display screen. However, it is noted that Graves et al teaches the use 

of a touch screen electronic display screen for inputting and outputting into a computer 

for a radiopharmaceutical delivery device (col. 4, line 53 until col. 5, line 2). Therefore, it 

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

modify the device of Bergner with using a system that has a touch-activated display 

screen as disclosed by Graves et al to consolidate the number of components required 

for inputting and outputting commands and notifications in an infusion device. 

8. Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner 

(US Pat. No. 4,585,941) in view of Mozley et al (US Pat. No. 3, 714,429) further in view 

of Agarwal et al (US Pat. No. 4,096,859). 

Regarding claim 17, Bergner teaches the use of a waste bottle and tracking the 

waste level to determine the trigger point (col. 10, lines 12-68) but does not explicitly 

teach entering, into the computer, via the computer interface, a command to set a waste 

bottle level indicator to zero, when the waste bottle is empty and prior to entering the 

command to activate the pump; and receiving, from the computer, via the computer 

interface, an indication that the waste bottle needs to be emptied, based upon the 

computer tracking a volume of the eluate that is diverted, from the generator, through 
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the waste line of the infusion tubing circuit. However, Agarwal et al teaches a medical 

delivery device with a waste container in which a controller tracks the waste level to 

alert the user to empty the waste container (col. 5, line 38 until col. 6, line 36). It would 

have been obvious to one of ordinary skill in the art at the time of the invention to modify 

the method of Bergner with the steps of setting initial waste bottle level to zero when the 

bottle is empty and tracking the waste bottle level so that an alert is given to the user 

that the waste bottle is full and needs to be emptied as taught by Agarwal et al, to 

prevent overflowing of waste from the waste bottle. 

It is noted that the modified method of Bergner and Agarwal et al teaches 

entering, into the computer, via the computer interface, a command to set a waste bottle 

level indicator to zero, when the waste bottle is empty and prior to entering the 

command to activate the pump; and receiving, from the computer, via the computer 

interface, an indication that the waste bottle needs to be emptied, based upon the 

computer tracking a volume of the eluate that is diverted, from the generator, through 

the waste line of the infusion tubing circuit 

Response to Arguments 

9. Applicant's arguments filed April 28, 2011 have been fully considered but are 

moot in view of the new ground(s) of rejection. 
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10. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JENNA ZHANG whose telephone number is (571 )270-

5369. The examiner can normally be reached on Monday-Thursday 8AM - 5PM. 

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

supervisor, Nicholas Lucchesi can be reached on 571-272-4977. The fax phone 

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

273-8300. 

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. 

/J. Z./ 
Examiner, Art Unit 3763 
12/19/11 

/Nicholas D Lucchesi/ 
Supervisory Patent Examiner, Art 
Unit 3763 
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RUBIDIUM-82 GENERATOR BASED ON SODIUM NONATITANATE SUPPORT, AND SEPARATION 
METHODS FOR THE RECOVERY OF STRONTIUM-82 FROM IRRADIATED TARGETS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to the selective separation of strontium-82 from other 

radioisotopes, such as those resulting from an irradiated molybdenum target, and in 

the manufacture of a rubidium-82 generator. 

Background of the Related Art 

The use of radioisotopes as diagnostic and imaging agents in medicine has 

expanded rapidly in recent years. Positron (!3+) emitters are particularly useful in the 

study of metabolic processes because the positron-electron annihilation reaction 

produces a pair of gamma rays with an energy level of 511 ke V travelling in opposite 

directions. By placing a series of detectors around a patient who has been administered a 

positron emitter, both the location. and amount of radioactivity can be accurately determined. 

This property is utilized in Positron Emission Tomography (PET) to image metabolic 

processes in vivo. Rubidium-82 (82Rb) is a short-lived positron-emitting isotope (T112 = 75 

seconds) that is increasingly being used to study blood :flow through the heart and brain. 

Physiologically, rubidium is an analogue of potassium, and consequently enters the body's 

large potassium pool, which has a comparatively slow turnover. Thus, after 82Rb is injected 

intravenously, the tracer's uptake in tissue reflects the rate of delivery, i.e. blood flow, and 

thus 82Rb rapidly builds up in the heart. This can be used, for example, to study blood-brain 

barrier leakage and heart muscle perfusion. 

The short half-life of 82Rb means that it must be supplied to physicians in the form 

of a generator, where the parent 82Sr (T112 = 25 days) is immobilized on a solid substrate or 

support and 82Rb eluted as required. The generators that are currently available use hydrous 

tin oxide to immobilize the 82Sr and allow the elution of 82Rb by saline or other appropriate 

eluant. The 82Sr (T112 = 25 days) is accompanied by unwanted 85Sr (T112 = 64 days), 

generated as a by-product during the manufacture of 82Sr, wherein both isotopes have a 

relatively long half-life and a high radiotoxicity due to their tendency to accumulate in bone. 

Thus, it is essential to minimize or eliminate the introduction of 82Sr and 85Sr into a patient 

during the administration of 82Rb. Although hydrous tin oxide has proved acceptable to date 
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for use in generators, new materials exhibiting far higher strontium affinities, improved 

strontium/rubidium separation factors and greater radiolytic stability are needed in order to 

lower the amount of 82Sr and 85Sr released during elution of the 82Rb. 

The parent 82Sr is generated by the proton irradiation of rubidium, rubidium chloride 

or molybdenum targets followed by dissolution and processing to isolate the 82Sr. The 

demand for 82Rb generators has grown so great that there is a need to reduce processing 

times and to increase the yield of 82Sr from processed targets. One method of improving the 

supply of 82Sr is to improve the processes used to extract 82Sr from irradiated targets. 

Current methods utilize organic ion exchange or chelating resins to extract very low levels of 

strontium from dissolved targets containing molar concentrations of inert ions. However, a 

satisfactory separation of 82Sr from the target materials and other radioisotopes generated 

during the in-adiation procedure requires multiple treatment steps due to the relatively low 

affinity and low selectivity of the organic ion exchange resins for 82Sr. 

82Sr is produced by the proton irradiation of molybdenum metal, rubidium metal and 

rubidium chloride targets. The irradiation process also produces a range of other radioactive 

isotopes (e.g. 88Y, 88Zr, 85Sr) and as a consequence, a series of carefully designed 

separation procedures have been designed to separate the desired 82Sr from other 

radioisotopes and inactive species present. The primary method used to separate 82Sr is by a 

series of ion exchange and selective elution steps. Typically, AG 50 W-X8 ion exchange 

resin is used to separate 82Sr from dissolved targets. However, this resin is relatively non­

selective and will absorb numerous polyvalent cations (e.g., 88Y) in addition to the desired 

82Sr. Consequently, multiple separation steps are required to isolate 82Sr from the other 

isotopes present. 

82Rb can be conveniently supplied to physicians in the form of a generator in which 

the parent 82Sr is immobilized on an ion exchange material and the 82Rb eluted when 

required. This means that 82Rb PET can be performed at clinical facilities where a typical 

generator may last several months before the yield of 82Rb diminishes below a usable level. 

To be suitable for use in a 82Rb generator, an ion exchange material must exhibit a 

high affinity for strontium but a low affinity for rubidium, allowing the 82Rb daughter to be 

eluted from a column containing immobilized 82Sr. Generators have been proposed that were 

based on a number of separation media including Chelex 100, Ab03, Sb(V) 

hexacyanoferrate, polyantimonic acid, titanium vanadate and hydrated tin(IV) oxide, with the 

hydrated tin(IV) oxide being the most widely used. 

However, the crucial component of any system is the actual ion exchange 

material containing the immobilized 82Sr parent. Current systems using hydrous tin 
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oxide have a limited life due to the breakdown of the hydrous tin dioxide, 

necessitating frequent replacement. 

Therefore, there is a need for a highly strontium selective ion exchange material in 

place of ion exchange resins and hydrated tin(IV) oxide, so that the separation and recovery 

of 82Sr from Rb, RbCl and Mo targets is greatly facilitated. This will lead to a reduction in 

processing steps, a decrease in target processing times and thus a decrease in the cost of the 

82Sr product. There is also a need for an ion exchange material suitable for use as a 82Rb 

generator having a very high selectivity for 82Sr and a very low selectivity for 82Rb to allow 

elution of the 82Rb by isotonic saline or other solutions. 

SUMI.VIARY OF THE INVENTION 

The present invention provides a method of chemically isolating strontium-82 from 

proton-irradiated molybdenum targets. This comprises dissolving the molybdenum metal 

target containing the strontium-82, adjusting the pH of the dissolved molybdenum target 

solution to an alkaline pH, removing precipitates from the solution, and then absorbing the 

strontium-82 from the solution onto a support comprising sodium nonatitanate. Sodium 

nonatitanate can also be applied to the efficient recovery of strontium-82 from alkaline RbCI 

solutions produced during the processing of proton-irradiated rubidium metal and rubidium 

chloride targets. 

The present invention also provides a rubidium-82 generator, comprising a strontimn-

82 support medium comprising sodium nonatitanate. Preferably, the sodium nonatitanate is 

characterized by a strontium selectivity greater than 250,000 mL/g at an alkaline pH, and/or 

the sodium nonatitanate is characterized by a rubidium selectivity less than 100 mL/g at an 

alkaline pH. More preferably, the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than 1,000, and even more preferably greater 

than 100,000. 

The rubidium-82 generator is prepared by a process comprising: preparing sodium 

nonatitanate from titanium isopropoxide and aqueous sodium hydroxide; heating the sodium 

nonatitanate at a temperature between 100°C and 250°C for a period between 12 hours and 2 

weeks; and absorbing strontium-82 on the sodium nonatitanate from an aqueous solution 

comprising strontium-82 and a soluble sodium salt, wherein the sodium salt concentration is 

between 0.1 and 1 molar. It is also preferred that the titanium isopropoxide and the aqueous 

sodium hydroxide solution are provided at a sodium hydroxide to titanium isopropoxide 

molar ratio of greater than 0.44, but preferably providing a large molar excess of sodium 
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hydroxide. The sodium hydroxide to titanium isopropoxide molar ratio is preferably between 

1 and 10, more preferably between 2 and 6, and most preferably about 4. 

Furthermore, the invention provides a process for preparing a solution containing 

rubidium-82. The process comprises providing a solution containing strontium-82 at a pH 

between 10 and 14, absorbing the strontium-82 from the solution onto a sodium nonatitanate 

support medium, and eluting rubidium-82 from the sodium nonatitanate support medium with 

a solvent. The solvent is preferably selected from the group consisting of water and saline 

solutions. More particularly, the solvent may be an aqueous solution having a sodium 

chloride concentration between 0.001 molar and 1 molar, preferably between 0.2 molar and 1 

molar. The solvent may also be a phannaceutical grade isotonic saline and buffer solution. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides improved sodium nonatitanate compositions, a 

method using the composition for recovery of 82Sr from irradiated targets, and a method 

using the composition for generating 82Rb. The sodium nonatitanate materials of the 

invention are far more selective at separating strontium from solutions derived from the 

dissolution of irradiated target materials than current ion exchange resins used in the 

production of 82Sr. The present invention reduces the number of processing steps required, 

and thus leads to a decrease in target processing times and a reduction in the cost of the 82Sr 

product. Waste generation and disposal are also decreased. 

According to the present invention, synthetic conditions are adjusted to produce a 

material with improved properties more applicable to 82Sr processing. The sodilU11 

nonatitanate of the present invention has been found to have a very low affinity for rubidium 

in addition to an exceptionally high affinity for strontium, making it ideal for use as a 

replacement for the hydrous tin dioxide used in current 82Rb generators. Sodium 

nonatitanate materials of this type will both improve the recovery of 82Sr and lead to a safer, 

more effective 82Rb generator system for clinical applications. 

Sodium nonatitanate, Na4Ti90 20.xH20, is an inorganic ion exchange material that has 

been used for the removal of 90Sr from neutral and alkaline nuclear wastes. The sodium 

nonatitanate of the present invention has a number of advantages over conventional organic 

ion exchange resins (e.g., Chelex 100) that include: very high selectivity for trace levels of 

strontium in the presence of molar concentrations of other ions at alkaline pH; very low 

affinity for rubidium; excellent radiation, chemical and thermal stability so that there is no 

release of contaminants (e.g. Ti) into the 82Rb product; rapid reaction kinetics; high cation 

exchange capacity; absorbed ions readily stripped by treatment with dilute mineral acid 

allowing the sodium nonatitanate to be recycled, if desired; scale up of similar synthesis has 
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already been demonstrated; and the sodium nonatitanate powder can be manufactured into 

pellets appropriate for colunm operations. Other chemically related sodium titanate materials 

suitable for use in the same manner as the aforementioned sodium nonatitanate 

(NaiTi90 20.xH20) include other titanate materials exhibiting high Sr affinity and low Rb 

affinity, including Sr-Treat (available from Selion Oy) and monosodium titanate (available 

from Boulder Scientific) It is also anticipated that analogous zirconates may exhibit similar 

properties. 

The invention also provides important improvements in the processing of irradiated 

targets to recover 82Sr. Sodium nonatitanate has a much greater affinity for 82Sr than 

currently used ion exchange resins, and a low affinity for other radioactive isotopes. 

Consequently, the use of sodium nonatitanate greatly simplifies the extraction process by 

reducing the number of separation steps that are required to produce chemically pure 82Sr. 

Thus, targets can be processed more rapidly and the recovery of 82Sr i~proved. hnproved 

isotope selectivity may also facilitate the isolation of other useful isotopes from the targets, 

leading to greater payback from target processing operations. 

Furthermore, less than lg of sodium nonatitanate material is needed in a 82Rb 

generator and 1 kg of this material is expected to be sufficient to process a large number of 

targets, even if the sodium nonatitanate material is not recycled and is disposed of after one 

use. Consequently, the additional cost incurred by the use of sodium nonatitanate will be 

negligible in comparison with the cost savings achieved in the 82Sr production. 

It has been detennined that replacing hydrous tin dioxide with sodium nonatitanate 

reduces the amount of 82Sr released during the operation of the 82Rb generator, thereby 

reducing the exposure of the patient to 82Sr. Sodium nonatitanate is also more chemically 

stable and less likely to leach non-radioactive contaminants into solution during operation of 

the generator. The sodium nonatitanate is also more amenable to recycling since the 82Sr can 

readily be stripped with mineral acid without producing additional impurities. Recycling of 

82Sr generators is already being used as a source of additional 82Sr, and improvements to the 

recycling procedure (obtained by using a superior ion exchange material) will facilitate the 

recovery of 82Sr from this source. 

Although the sodium nonatitanate may be used as a direct replacement for hydrous 

tin dioxide in the 82Rb generator, it is also possible to use sodium nonatitanate in the form of 

a disposable add-on filter that could be used to trap any 82Sr that is leached from the 

generator during the production of 82Rb. 

The first step in preparing a 82Rb generator is to load the parent 82Sr onto the 

sodium nonatitanate material and place the ion exchange material into a suitable column. It is 

essential that sufficient time be allowed for the 82Sr to be absorbed by the sodium 
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nonatitanate material in order to maximize the loading of the parent radioisotope per gram of 

ion exchange material. 

Sodium nonatitanate should be loaded with 82Sr before being placed in an ion 

exchange column, to avoid preferential loading of the 82Sr on the top of the ion exchange 

column rather than uniformly throughout the material. This high concentration of 

radioactivity on a very small volume may result in undesirable radiolytic problems. Although 

sodium nonatitanate has been shown to be highly resistant to radiation damage, it is 

considered prudent to avoid any potential problems. 

EXAMPLES 

These Examples investigated the suitability of sodium nonatitanate for the use in 

separating 82Sr from irradiated targets and in the construction of a 82Sr/82Rb generator. 

Initial batch experiments compared the rubidium and strontium selectivities of a number of 

different sodium nonatitanate samples with commercially available ion exchange materials 

(e.g. AW 500, Chelex 100) and some experimental materials that had also exhibited high 

strontium selectivities (e.g. sodium titanosilicate). Column experiments were then performed 

using target simulants and generator simulants on materials that exhibited favorable 

selectivity characteristics. Some work was also performed to investigate the likely 

interference from other isotopes present in irradiated targets on the production of 82Sr. 

Example 1 - Preparation of Sodium Nonatitanate 

Sodium nonatitanate (NaTi) was synthesized hydrothermally as follows. 77.5 g of 

titanium isopropoxide was added to 84.35 g of a 50 wt.% solution ofNaOH with vigorous 

stirring and 60 mL of deionized water was added. The resultant gel was heated at 

approximately 108°C for 3 hours, transferred to a hydrothermal pressure vessel with an 

additional 90 mL of deionized water, and heated at either l 70°C or 200°C for times ranging 

from 21 hours to 1 week. After the allotted time, the materials were filtered, washed with 

ethanol to remove residual base and dried at 60°C. The mass of sodium nonatitanate produced 

was approximately 31 g. Each sample was characterized using x-ray powder diffraction 

(XRD). The reaction is outlined in Equation 1. 

(1) 

The crystallinity of the material was shown to be dependent upon the reaction time 

and temperature, with the most crystalline materials being produced after 1 week of 

hydrothermal treatment (200°C for 7 days). Samples that received no hydrothermal treatment, 
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or only a few days, were virtually amorphous with only a few very broad reflections visible 

on the XRD pattern. 

The theoretical cation exchange capacity (CEC) of sodium nonatitanate is quite high 

and has a value of 4. 74 meq/g, which compares favorably with organic ion exchange resins. 

Alternative titanium salts that could be used to manufacture sodium nonatitanate 

include titanium tetrachloride, TiC14, and titanium sulfate, TiOS04.xH2S04.yH20. However, 

hydrolysis of these salts leads to the generation of hydrochloric acid and sulfuric acid, 

respectively, and thus additional base is required during the hydrothermal process. The final 

product also needed to be exhaustively washed to remove residual sodium chloride or sodium 

sulfate. Consequently, titanium isopropoxide (which hydrolyzes to form propanol) is the 

preferred starting material because the final product is free from additional sodium salts. 

Example 2 - Determination of Strontium Selectivity 

Sodium nonatitanate and a variety of other ion exchange materials were obtained and 

evaluated for use in the separation of 82Sr from targets and in a 82Rb generator. These 

materials are described below in Table 1. 

Table 1. Characteristics of ion exchange materials evaluated in this study. 

Material 
N a-Clinoptilolite 

AW500 

Hydrous Sn02 

K + Phannacosiderite 
(K3H(Ti0)4(Si04)3.4H20) 

Sodium Titanosilicate 
(Na2 Ti203Si04.2H20) 

AG 50W-X8 (Na+) 
(25 - 50 Mesh) 

Chelex 100 (Na+) 
(50 - 100 Mesh) 

Sodium Nonatitanate 

Hydrous Si02 

Source 
GSA Resources, AZ 

Aldrich (1.6 mm Pellets) 

Synthesized in house 

Synthesized according to 
literature method. 

Synthesized according to 
literature method. 

BioRad. Strong acid 
ion exchange resin. 

BioRad. Chelating resin 
with iminodiacetic acid 
functionality. 

Honeywell, IL 

Synthesized in house 

7 

Sample Preparation 
Ground to powder. 

Ground to powder. 

NaOH + SnC14• Washed with acetic 
acid/sodium acetate buffer. 

None. Used as synthesized. 

None. Used as synthesized. 

Converted to Na+ form 
(for alkaline solutions only) 

None. Used as received. 

None. Used as received. 

Acetic acid hydrolysis of tetraethyl 
orthosilicate. Washed with H20 
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Hydrous Ti02 Synthesized in house 

Hydrous Zr02 Synthesized in house 

PCT /US2002/041676 

Hydrolysis of titanium 
isopropoxide. Washed with HzO 

Zr0Cl2 + NaOH. Washed with 
deionized water. 

The strontium selectivity of the ion exchange materials of Table 1 was evaluated in 

sodium chloride and rubidium chloride solutions using radiotracer techniques. Samples were 

evaluated using a simple batch technique to allow the rapid screening of a large number of 

materials over a range of ionic strengths. Blanks were run for each matrix to check for any 

loss of strontium during filtration or absorption of strontium onto the scintillation vials. In all 

solutions evaluated, strontium absorption was negligible. 

0.05g of each of the ion exchange materials was contacted with 10 mL of a solution, 

spiked with 89Sr, in a capped scintillation vial. (The total strontium content was 

approximately 1.6 ppm, thus preventing any loss of strontium in solution due to precipitation 

of sparingly soluble Sr(OH)2 at alkaline pH values.) The mixtures were shaken for 6 hours, 

filtered through a 0.2 µm syringe filter and the residual activity determined using liquid 

scintillation counting (LSC). Distribution Coefficients (K.,i values) were then determined 

according to Equation 2: 

Kd =(Ai-Ar) I Ar* v/m (2) 

where: A; = initial activity in solution (counts per minute ( cpm)/mL) 

Ar= final activity in solution ( cpm/mL) 

v =volume of solution (mL) 

m =mass of exchanger (g) 

The final pH of the solution was also noted. The period of 6 hours was chosen to 

allow equilibrium to be reached for each of the ion exchange materials. However, previous 

work on the titanosilicates and titanates had shown the reaction rates to be rapid with the 

majority of the uptake occurring in only a few minutes. The concentration of the chloride 

solutions was varied from lM to 0.00lM to evaluate the effect of increasing Rb+ and Na+ 

concentrations on the uptake of sr2+. All experiments were performed in duplicate, and if 

significant variations between duplicate samples occurred, the experiments were repeated 

until good agreements on the ~ values were obtained. The results are shown in Tables 2 and 

3 and represented the average K.,i obtained, quoted to 3 significant figures. 

Table 2. Strontium selectivity data from unbuffered sodium chloride solutions. 
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Ion Exchange Matei-ial KcimVg 
lMNaCI O.lMNaCI O.OlMNaCI 0.001M 

NaCl 
Na-Clinoptilolite 8 124 3,260 36,900 
AW500 1,860 88,300 1,270,000 1,210,000 
Hydrous Sn02 767 43,000 124,000 51,800 
K + Pharmacosiderite 18,300 251,000 594,000 281,000 
Sodium Titanosilicate 556,000 273,000 119,000 42,900 
AGSOW(Na+) 32 3,380 365,000 2,510,000 
Chelex 100 (Na+) 610 26,400 726,000 1,300,000 
NaTi (Honeywell) 80,600 1,030,000 258,000 166,000 
NaTi (No hydrothermal) 1,530,000 2,570,000 739,000 372,000 
NaTi (170°C, 21hr) 1,030,000 1,240,000 272,000 172,000 
NaTi (170°C, 3d) 959,000 633,000 218,000 93,100 
NaTi (170°C, 7d) 167,000 834,000 264,000 90,400 
NaTi (200°C, 21hr) 439,000 1,390,000 197,000 120,000 
NaTi (200°C, 3 d) 261,000 898,000 251,000 158,000 
NaTi (200°C, 7d) 195,000 955,000 265,000 214,000 
Zr02 3,360 52,200 213,000 232,000 

Table 3. Strontium selectivity data from unbuffered rubidium chloride solutions 

Material Ket mL/g 
lMRbCl O.lMRbCI O.OlMRbCl O.OOlM 

Rb Cl 
Na-Clinoptilolite 19 3 88 11,000 
AWSOO 9,750 107,000 1,020,000 1,280,000 
Hydrous Sn02 766 66,100 104,000 51,800 
K + Phannacosiderite 1,950 40,800 419,000 427,000 
Sodium Titanosilicate 12,600 94,700 164,000 179,000 
AG-50W (Na+) 44 3,870 237,000 800,000 
Chelex 100 (Na+) 1,580 38,400 555,000 977,000 
NaTi (Honeywell) 13,900 108,000 279,000 324,000 
NaTi (No hydrothennal) 14,220 116,000 345,000 429,000 
NaTi (170°C, 21hr) 10,500 71,700 193,000 205,000 
NaTi (l 70°C, 3d) 15,100 39,500 68,000 95,200 
NaTi (170°C, 7d) 23,000 55,800 31,200 110,000 
NaTi (200°C, 21hr) 11,000 66,400 110,000 103,000 
NaTi (200°C, 3 d) 10,600 56,800 146,000 158,000 
NaTi (200°C, 7d) 10,500 57,400 146,000 158,000 
Zr02 3,000 42,400 184,000 221,000 

Comparing the selectivity data from sodium and rubidium solutions, it is evident that 

rubidium ions cause a reduction in affinity for the strontium ion for all of the exchangers 

indicating that the affinity of these materials for rubidium is significantly higher than the 

affinity for sodium ions. The pH of the final solutions was generally alkaline for the 

nonatitanates (NaTi) and titanosilicates, with pH values as high as 12 being measured. This 

was due to hydrolysis of the exchangers resulting in the absorption of protons and the release 
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of sodium ions, thus increasing the pH of the aqueous phase. This effect can be overcome, if 

desired, by buffering the solution. 

The most distinct trend was observed in lM NaCl solutions for the sodium 

nonatitanate samples. The highest~ was observed for the non-hydrothermal material and the 

Kd values decreased with increasing reaction time for both the 200°C and l 70°C materials. 

Clearly, strontium uptake is facilitated by having a low-crystallinity material. This suggests 

that as the crystallinity increases and the size of the nonatitanate crystallites also increases, it 

becomes thermodynamically less favorable for exchange of the sodium ions by strontium. It 

is also interesting to note that the majority of the sodium nonatitanates exhibit a higher 

selectivity for strontium in lM NaCl than in O.OOlM NaCl. This indicates that the higher 

ionic strength facilitates the Na+/Sr2+ exchange reaction and more than compensates for the 

increased competition for the ion exchange sites from the additional Na+ ions. 

This data shows that sodium nonatitanate is an ideal material for the recovery of 82-

Sr from irradiated rubidium and rubidium chloride targets and in the manufacture of a 82-Rb 

generator. 

Example 3 - Rubidium Selectivity from NaCl Solutions 

For an ion exchange material to be suitable for use in a 82Rb generator, it must have 

a very high selectivity for strontium to prevent any loss of 82Sr from the ion exchange 

column and release to the patient undergoing a PET scan. This property was clearly 

demonstrated in Example 2. It must also have a very low selectivity towards rubidium, thus 

allowing 82Rb to be released into solution as saline is passed through the 82Rb generator. 

Consequently, the rubidium selectivity of the ion exchange materials was evaluated in 

sodium chloride media following the procedure described in Example 2. The same procedure 

was followed using 86Rb to spike the solutions to give an activity of approximately 200,000 

cpm/mL. Total rubidium in solution was < 0.05 ppm. The selectivities of the materials are 

shown below in Table 4. 

Table 4. Rubidium selectivity data from unbuffered sodium chloride solutions. 

Material 86Rb~mL/g 
lMNaCl O.lMNaCI O.OlMNaCI O.OOlM 

NaCl 
AWSOO 116 620 4,920 21,900 
Hydrous Sn02 1 6 36 290 
K + Pharrnacosiderite 148 475 2,030 4,020 
Sodium Titanosilicate 8,010 194,000 114,000 75,800 
AG50W(Na+) 7 75 688 6,680 
Chelex 100 (Na+) 3 8 43 256 
NaTi (Honeywell) 9 102 488 817 
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NaTi (No hydrothermal) 4 59 280 446 
NaTi (170°C, 21hr) 9 56 209 297 
NaTi (1700C, 3d) 7 46 198 311 
NaTi (170°C, 7d) 3 15 47 71 
NaTi (200°C, 21hr) 8 79 334 502 
NaTi (200°C, 3d) 8 52 207 307 
NaTi (200°C, 7d) 4 25 111 178 
Zr02 1 12 60 154 

From the data in Table 4, it is clear that the all of the sodium nonatitanate materials 

have a very low affinity for rubidium, particularly in the presence of relatively high amounts 

of sodium ions. In general, the rubidium selectivity decreased with increasing reaction time 

for both series of nonatitanates (170°C and 200°C) with the lowest affinity being 

demonstrated by the sample that was heated hydrothennally at 170°C for 1 week Uptake was 

negligible in IM NaCl and the very low reduction in activity that was noted could be 

accounted for by absorption of rubidium during filtration and by pipetting errors during the 

counting procedure. Consequently, samples with Kd values that were below 10 mL/g can be 

considered to have no affmity at all for 86Rb. Some rubidium uptake was evident in very 

dilute sodium solutions, but the Kd values were low for all of the titanate samples. This 

suggests that the uptake of rubidium was more likely due to the materials having an 

exceptionally low affinity for sodium rather than any real affinity for rubidium. All of the 

sodium nonatitanate materials performed better than the commercially available sample 

obtained from Honeywell Inc. The materials are clearly ideal for use in a 82-Rb generator. 

Hydrous tin dioxide exhibited some of the lowest rubidium affinities and was 

comparable with Chelex 100, the best of the nonatitanates and the hydrous zirconium 

dioxide. However, hydrous tin dioxide exhibited much lower strontium Kd values than the 

nonatitanates. Therefore, nonatitanate materials are preferred because they have higher 

strontium/rubidium separation factors. Hydrous tin dioxide also has a limited pH stability 

range and significant dissolution and release of absorbed strontium is likely to occur should 

any significant pH perturbations occur outside the range of pH 4 to pH 9. Radiation stability 

of hydrous tin dioxide is also limited, with particle breakdown causing current 82-Rb 

generators to be replaced before decay has reduced the 82-Rb below useable levels. 

The rubidium selectivity data also indicates that A WSOO, potassium 

Pharmacosiderite and the sodium titanosilicate have a strong affinity for rubidium in a range 

of saline solutions. Consequently, these materials will be unsuitable for use in a 82Rb 

generator and have only limited applications in the processing of irradiated target materials. 

Example 4- Sr and Rb Selectivity in O.lM Sodium Acetate/Acetic Acid Buffer 
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In order to prevent hydrolysis reactions from raising the pH as described above, some 

strontium and rubidium selectivity experiments were performed in a O.lM sodium acetate I 

acetic acid buffer solution. In these tests, the final pH remained between 5.2 and 6.3, which is 

a more clinically acceptable pH for an 82Rb infusion. Rubidium Ket values remained low, as 

expected, following the trend observed in Table 5. Strontium Ki values were considerably 

lower, with a maximum Kd value of 80,000 mL/g being obtained for the sodium nonatitanate 

sample that was heated hydrothermally at 170°C for 21 hours. This is considerably lower 

than the Kd value of over 1,200,00 mL/g that was obtained in unbuffered O. lM NaCl. The Kd 

values obtained for the other ion exchange materials were also considerably lower. However, 

the Sr/Rb separation factors remained high and the sodium nonatitanates still outperformed 

hydrous tin dioxide and the organic ion exchange resins. The affinity of sodium nonatitanate 

for strontium is greatest at higher pH values. 

Example 5 - Molybdenum Targets 

The basic steps of a proposed process to obtain 82Sr from irradiated molybdenum targets 

are as follows: 

1. Dissolve the irradiated molybdenum target in 30% hydrogen peroxide, ensuring excess 

hydrogen peroxide is destroyed. 

2. Add sodium hydroxide to bring the pH to approximately 12. 

3. Filter the solution to remove any precipitate. It is predicted that the majority of 88Zr and 

59Fe will be found in the precipitate, and experiments already performed have confirmed 

that 99% or more of the 88Y precipitated out of solution on the addition of Na OH. 

4. Pass the solution through a colunm of sodium nonatitanate and wash the column with two 

bed volumes of O.lM NaCl, adjusted to pH 12 with NaOH. 82Sr and 85Sr will be 

absorbed. 82Rb and other Rb isotopes will remain in the aqueous phase. Molybdate 

anions will also pass through the column. 

5. The column can then be stripped using dilute mineral acid to recover the 82Sr and the 

sodium nonatitanate reused or discarded. 

There is a range of other isotopes present in addition to 82Sr, including 75Se, 73As, 

74As, 7Be, 68Ge, 48V, 60Co (and other Co isotopes), 54Mn, 51Cr and 95mTc. In the 

alkaline target solution, Se, As, V, Ge, Cr, Mn and Tc are expected to be present as anions 

and thus will not be absorbed onto the sodium nonatitanate. Significant amounts of Co would 

be expected to precipitate when the target solution is neutralized, and thus little is expected to 

be available under alkaline conditions to absorb onto the sodium nonatitanate. The most 
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likely isotope to be absorbed is beryllium, because it is a Group Il metal with a similar 

aqueous chemistry to strontium. However, the affinity of sodium nonatitanate for Group Il 

metals decreases in the order Sr > Ca > Mg. No data is available for beryllium, but if the 

trend continues, the affinity would be expected to be low. Thus, any absorbed 7Be would be 

readily removed by an alkaline sodium chloride (or similar) wash. 

The current process for recovering 82Sr from irradiated rubidium metal and rubidium 

chloride targets requires minimal modification to facilitate the use of sodium nonatitanate. 

Both targets are processed following standard processing procedures to generate rubidium 

chloride solutions in an ammonia/ammonium chloride buffer solution. These solutions are 

then passed through a sodium nonatitanate column and washed with additional buffer to 

remove any weakly held rubidium cations. Strontium and possibly some other cationic 

species present will be absorbed onto the nonatitanate column, whereas rubidium cations, 

ammonium cations and anions v.rill rapidly pass through the column. If additional cations are 

absorbed onto the sodium nonatitanate, they can be selectively removed by washing with an 

appropriate eluant (e.g. citrate, nitrilotriacetate.) The strontium selectivity of sodium 

nonatitanate has been shown to be unaffected by a number of common complexants and as a 

consequence, it should be a relatively simple manner to elute any undesirable cations from 

the column, leaving pure 82/85Sr. 

Figure 1 clearly shows the exceptionally high affinity of the sodium nonatitanate 

materials in comparison with the currently utilized organic resin Chelex 100. All of the 

sodium nonatitanates performed equally well in the buffered rubidium target solutions 

indicating that the synthetic conditions are not too important when the material is being used 

in solutions containing high concentrations of rubidium ions. Thus, by replacing the Chelex 

100 with sodium nonatitanate, a more efficient 82Sr isolation can be achieved. 

It has also been shown that it is possible to tailor the selectivity of the sodium 

nonatitanate to achieve the optimum Sr/Rb separation by manipulating the reaction 

conditions. The differing selectivities were most obvious in sodium solutions, with the less 

crystalline materials exhibiting the highest strontium distribution coefficients. However, the 

series of nonatitanates showed little difference in behavior when the predominant cation in 

solution was Rb+. The materials synthesized clearly demonstrated superior characteristics to 

the conunercially available sample in almost all matrices evaluated. The majority of the 

sodium nonatitanate samples also exhibited greater strontium selectivities than hydrous tin 

dioxide in a range of sodium chloride solutions, from IM to O.OOlM. Rubidium selectivities 

were low, making the sodium nonatitanate ideal as a replacement for hydrous tin dioxide in a 

82Rb generator. 
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Commercially, one method of 82-Sr production is via the proton spallation reaction 

with natural molybdenum metal targets. A simulated molybdate target solution was prepared 

as follows. 12.5 g of molybdenum powder was carefully dissolved in 30% H20 2 solution and 

made up to a total volume of 500 mL to produce a clear yellow solution of molybdic acid, 

H2Mo04. Solid sodium hydroxide granules totaling 10.9 g were then carefully added to 

neutralize the solution and bring the pH to approximately 12.3. The colorless solution was 

then filtered to remove any precipitate. This alkaline molybdate solution was spiked with 

either 86Rb or 89Sr and Kd values determined as described previously. Separation factors for 

the strontium/rubidium selectivity were also calculated by dividing the strontium Kd by the 

rubidium K,i, thus allowing the relative affinities of the ion exchange materials to be directly 

compared. The results are illustrated below in Table 5. 

Table 5. Strontium and rubidium absorption from simulated molybdate target solutions 

Material 
AWSOO 
K + Pharmacosiderite 
Sodium Titanosilicate 
Chelex 100 (Na+) 
AG SOW-XS (Na+) 
NaTi (Honeywell) 
NaTi (No hydrothermal) 
NaTi (170°C, 2lhr) 
NaTi (170°C, 3d) 
NaTi (170°C, 7d) 
NaTi (200°C, 2lhr) 
NaTi (200°C, 3 d) 
NaTi (200°C, 7d) 
Zr02 

Sr:K,i mL/g 
7,070 

187,000 
547,000 

3,120 
69 

337,000 
1,690,000 
1,000,000 

829,000 
324,000 
954,000 
687,000 
772,000 
168,000 

Rb K,imL/g 
194 
142 

6500 
5 

18 
27 
12 
12 
14 

3 
12 
11 
9 
8 

Separation Factor 
36.4 

1320 
84.2 

624 
3.83 

12,500 
141,000 
83,300 
59,200 

108,000 
79,500 
62,500 
85,800 
21,000 

From this data, it is clear that the .sodium nonatitanate materials are far superior to 

Chelex 100 and AG SOW-X8 ion exchange resins for the recovery of 82Sr from irradiated 

molybdenum targets. High Kd values in excess of 500,000 mL/g indicate that almost 100% 

strontium removal was achieved by some of the nonatitanate samples, with the residual 

strontium in solution approaching background levels. In the alkaline conditions used in this 

test, the Chelex 100 resin had the lowest affinity for strontium of all of the materials 

evaluated. The selectivity of the sodium nonatitanate for rubidium was lowest for the sodium 

nonatitanate material that was prepared by heating for 1 week at l 70°C to obtain a relatively 

crystalline product. However, strontium selectivity also decreased with increasing reaction 

time. 
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The best overall strontium/rubidium separation factor was obtained for the material 

that had not undergone any hydrothermal treatment. All of the materials performed better 

than the commercially available nonatitanate materials. Thus, it is possible to alter the 

selectivity of the material by controlling the reaction conditions to produce an improved 

sodium nonatitanate material for use in 82Sr separations. Rubidium selectivities were very 

low for all of the nonatitanates, indicating minimal rubidium absorption would occur in a 

column process and that any rubidium absorbed would be readily removed by a dilute saline 

wash. 

The sodium titanosilicate, potassium Pharmacosiderite and A WSOO exhibit 

selectivities for rubidium that are too high to allow their use in the selective removal of 82Sr 

from irradiated molybdenum targets. This high selectivity would result in some rubidium 

being retained on the column that would not be readily removed by a simple saline wash, thus 

leading to contamination of the 82Sr product with both radioactive and stable rubidium 

isotopes. Hydrous tin oxide was not evaluated because, due to the amphoteric nature of tin, 

significant dissolution would be expected at a pH in excess of 12. 

Example 6 - Acid Molybdate Target Solutions 

Sodium nonatitanate has a relatively low affinity for strontium at pH values less than 

6, and was not expected to exhibit any affinity for strontium from the acidic molybdate target 

solutions prior to the addition of sodium hydroxide. Kd values were determined to confirm 

this and to compare it with the Kd values for both Chelex 100 and AG SOW-XS under 

identical conditions. The data obtained is shown below in Table 6. 

Table 6. The affinity of selected ion exchange materials 
for strontium in acidic molybdate target solutions 

Ion Exchange Material 
Solution 
Chelex 100 
AGSOW-X8 
Sodium Nonatitanate (Honeywell) 

Sr~mL/g 

25 
18,300 

1,260 

Final pH of 

1.43 
1.42 
1.53 

These data clearly indicate that for the processing of acid molybdate solutions, the 

strong acid ion exchange resin AG 50W-X8 is the preferred medium. However, the Sr Kct 

value of 18,300 mL/g in the acidic media is nearly two orders of magnitude lower than the Ka 

value of 1,690,000 mL/g that was obtained for the best of the sodium nonatitanate materials 

in alkaline molybdate solutions. Consequently, it is evident that 82Sr can be recovered more 

effectively from alkaline solution using sodium nonatitanate than is currently achieved using 

AG 50W-X8 from acidic media. 
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Example 7 - Rubidium and Rubidium Chloride Target Solutions 

The processing of either rubidium chloride or rubidium metal targets follows a 

similar procedure once the target has been successfully dissolved. In essence, 82Sr needs to 

be selectively extracted from a solution of RbCl in a 0.1 M NH3 I O. lM NH4Cl buffer 

adjusted to a pH of between 9 and 10. Batch experiments were perfom1ed in simulated buffer 

solutions to determine the strontium selectivity in the presence of high concentrations of 

rubidium ions. Only the ion exchange materials that exhibited high strontium selectivities in 

the initial scoping studies with NaCl solutions were evaluated. ~values were obtained as 

described previously. Two rubidium chloride solutions were selected which represent typical 

rubidium concentrations obtained during the processing of rubidium metal (1.95 M Rb+) and 

rubidium chloride targets (0.68 M Rb+). In both cases, Chelex 100 is used in the preliminary 

step to remove the 82Sr from the buffered mbidium solutions. The ~ values for the ion 

exchange materials are shown in Figure 1. 

In the buffered rubidium solutions, there is little difference between the different 

nonatitanates evaluated. This is in stark contrast to the sodium molybdate solutions where a 

large variation in the performance of the titanates was observed. The nonatitanates were 

clearly the most effective materials at removing strontium from the buffered solutions with 

strontium Kd values of around 15,000 mL!g in 0.68 M Rb+ solutions and approximately 

5,000 mL/g in 1.96 M Rb+ solutions. By contrast, Chelex 100 ion exchange resin gave ~ 

values of less than 1,000 mL/g in both solutions. Hydrous titanium oxide and hydrous tin 

oxide also exhibited appreciable ~ values, but they performed less efficiently than the 

nonatitanates in both solutions. Consequently, this data demonstrates that using sodium 

nonatitanate in place of Chelex 100 ion exchange resin will greatly increase the amount of 

strontium extracted from the target solutions. 

The ion exchange materials were also evaluated for their rubidium selectivity from 

0.1 M NH3 / O. lM NH4Cl buffer solution. The buffer was prepared, spiked with 86Rb and the 

pH adjusted to approximately 9.25 with concentrated ammonia. 86Rb Kd values were then 

determined following the method described earlier. All of the sodium nonatitanates had a Kd 

< 20 mL/g. The very low rubidium selectivity in the pure buffer is almost certainly due to 

competition from NH4+ ions for the available ion exchange sites. Consequently, absorption 

of rubidium during the processing of rubidium and rubidium chloride targets will be minimal, 

and any rubidium absorbed will be readily removed by washing with additional 0.1 M NH3 I 

O. lM ~Cl buffer solution. Thus, a clean separation of 82Sr from these targets can be 

obtained using sodium nonatitanate. 
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The performance could also be improved by removing the buffer and increasing the 

pH to improve the amounts of strontium absorbed. (Buffers were initially utilized to 

maximize the performance of the organic ion exchange resins cwTently used and are not 

essential to the 82Sr recovery process.) 

Example 9 - Kinetic Experiments 

In order for the sodium nonatitanate materials to fmd applications in the processing 

of irradiated target solutions, they must exhibit fast ion exchange kinetics allowing solutions 

to be passed through an ion exchange column at an acceptable rate. The kinetics of strontium 

absorption from alkaline molybdate target solutions was evaluated using a simple batch 

procedure. Ion exchange material, in the amount of 0.05 g, was shaken with 10 mL of 

molybdate solution spiked with 89Sr to give a total activity of approximately 155,000 

cpm/mL. After an allotted time, the material was filtered through a 0.2 m syringe filter and 

the activity in the aqueous phase determined by LSC. The results are shown below in Figure 

2. 

From the data in Figure 2, it is clear that the reaction kinetics for the sodium 

nonatitanate powder is extremely rapid, with over 99 % of the 89Sr removed in only 1 

minute. By contrast, the reaction kinetics of the organic ion exchanged resins was much 

slower and the total amount of 89Sr removed after 1 hour was much less. 

The exceedingly rapid kinetics can partly be explained by the fact that the 

nonatitanate was in the form of a fine powder, whereas the two resins were in the form of 

beads (see Table 1). As a consequence, a relatively slow reaction rate would be expected for 

the beads because the uptake of 82Sr will be dependent upon the rate of diffusion of the 82Sr 

to the internal functional groups. The rate of uptake of a sample of sodium nonatitanate 

pellets (using hydrous titanium dioxide as a binder) was significantly slower than the 

powdered form, but the kinetics and amount of 82Sr absorbed was still significantly better 

than for either of the two organic resins. As the pelletization process is improved, it is 

expected that the kinetics and selectivity of the pelletized sodium nonatitanate will improve 

substantially. Other sodium nonatitanate powders of varying crystallinities also showed rapid 

kinetics. Other potentially suitable binders for forming suitable pellets include titanium 

isopropoxide or tetraethyl orthosilicate (TEOS) as a binder precursor. 

Example 10-82Sr Removal from Irradiated Targets Using 

Pelletized Sodium Nonatitanate 
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A sample of sodium nonatitanate was mixed with titanium isopropoxide as a 

binder and the resulting paste dried at 105°C for 12 hours. The material was gently 

broken up using a mortar and pestle and then sieved to produce particles in the range 

40 to 60 mesh. The binder content was approximately 20%. These particles were then 

used to assess the extraction of 89Sr from simulated target solutions. 

1 mL of pelletized sodium nonatitanate was slurried into a column and the 

target simulant that had been spiked with 89Sr to give an activity of approximately 

200,000 cpm/mL was passed through the column at a flow rate of 15 mL per hour. 

The amount of activity removed from solution was then determined. The results are 

given below in Table 1. 

Table 1. Removal of 82Sr From Irradiated Target Solutions 

Target Solution Composition Volume(mL) 82Sr Removed 
(%) 
Rubidium Metal 1.95M RbCl in 20 97.3 

0. IM NH3/NH4Cl 
Buffer, pHlO 

Rubidium Chloride 0.68M RbCl in 20 98.8 
O.lMNH3~Cl 

Buffer, pH 10 

Molybdenum Metal 0.26MNa2MoQ4, pH 12 20 99.9 

This data clearly shows the effectiveness of sodium nonatitanate at removing 

strontium isotopes :from 82Sr target materials. Rubidium absorption under these 

conditions is minimal. 

Example 11 - Elution of Strontium 

Strontium was quantitatively eluted from the sodium nonatitanate column of 

Example 10 using 6M nitric acid. Hydrochloric acid was found to be much less 

effective and also resulted in breakdown of the sodium nonatitanate particles and 

blocked the ion exchange column. 

While the foregoing is directed to the preferred embodiment of the present 

invention, other and further embodiments of the invention may be devised without 
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departing from the basic scope thereof, and the scope thereof is determined by the 

claims that follow. 
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What is claimed is: 

1. A rubidium-82 generator, comprising: 

(a) a strontium-82 support medium comprising sodium nonatitanate. 

2. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is 

characterized by a strontium selectivity greater than 250,000 mL/g at an alkaline pH. 

3. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is 

characterized by a rubidium selectivity less than 100 mLI g at an alkaline pH. 

4. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is 

characterized by a strontium/rubidium separation factor greater than 1,000. 

5. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is 

characterized by a strontium/rubidium separation factor greater than 100,000. 

6. A process for preparing a rubidium-82 generator, comprising: 

(a) preparing sodium nonatitanate from titanium isopropoxide and aqueous sodium 

hydroxide; 

(b) heating the sodium nonatitanate at a temperature between 100°C and 250°C for a 

period between 12 hours and 2 weeks; and 

( c) absorbing strontium-82 on the sodium nonatitanate from an aqueous solution 

comprising strontium-82 and sodium chloride, wherein the sodium chloride concentration is 

between 0.1 and I molar. 

7. The process of claim 6, wherein the molar ratio of aqueous sodium hydroxide to 

titanium isopropoxide is in excess of0.44. 

8. The process of claim 6, wherein the molar ratio of aqueous sodium hydroxide to 

titanium isopropoxide is between 2 and 6. 

9. A method of chemically isolating strontium-82 from a proton-irradiated molybdenum 

target, comprising: 

(a) dissolving the molybdenum metal target containing the strontium-82; 

(b) adjusting the pH of the dissolved molybdenum target solution to an alkaline pH; 
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( c) removing precipitates from the solution; and then 

(d) absorbing the strontium-82 from the solution onto a support comprising sodium 

nonatitanate. 

10. A process for preparing a solution containing rubidium-82, comprising: 

(a) providing a solution containing strontium-82 at a pH between 10 and 14; 

(b) absorbing strontium-82 onto a sodium nonatitanate support medium; and 

( c) eluting rubidium-82 from the sodium nonatitanate support medium with a solvent. 

11. The process of claim 10, wherein the solvent is selected from the group consisting of 

water and saline solutions. 

12. The process of claim 10, wherein the solvent is an aqueous solution having a sodium 

chloride concentration between 0.001 molar and 1 molar. 

13. The process of claim 10, wherein the solvent is an aqueous solution having a sodium 

chloride concentration between 0.2 molar and 1 molar. 

14. The process of claim 10, wherein the solvent is a pharmaceutical-grade saline and 

buffer solution. 

15. A method of chemically isolating strontium-82 from a proton-irradiated rubidium or 

rubidium chloride target, comprising: 

(a) dissolving the target containing the strontium-82; 

(b) adjusting the pH of the dissolved target solution to an alkaline pH; 

( c) removing precipitates from the solution; and then 

( d) absorbing the strontium-82 from the solution onto a support comprising sodium 

nonatitanate without absorbing rubidium. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to a filter set for recovering desired blood components from human blood and a 
method of recovering blood components by use of the filter set. 

Background of the Invention 

10 [0002] It is known that hematopoietic malady occurs as side effects of chemotherapy for hematopoietic organ tumors 
such as leukemia etc., and solid tumors, and bone marrow transplant and peripheral blood stem cell transplant are 
applied as therapies for the hematopoietic malady. These therapies are methods of recovering from hematopoietic mal­
ady, in which hematopoietic stem cells and/or hematopoietic precursor cells contained in bone marrow and peripheral 
blood are transplanted into human body. By establishing these transplant therapies, chemotherapy for tumors such as 

15 leukemia and solid tumors was made feasible. Further, it was found in recent years that hematopoietic stem cells and/or 
hematopoietic precursor cells are also contained in umbilical cord blood, and a therapy by transplanting hematopoietic 
cells and/or hematopoietic precursor cells from umbilical cord blood is also expected to be a promising method. 
[0003] Usually, blood used for these transplant therapies is cryopreserved after collecting till transplanting. If cryop­
reserved blood is contaminated with erythrocytes, the erythrocytes are lyzed to cause side effects after thawing, there-

20 fore, before thawing the blood to be transplanted erythrocytes should be removed from the blood. 
[0004] Known methods of removing erythrocytes from blood to be transplanted include a centrifugation method and 
a filter method. A centrifugation method utilizes the difference in specific gravity between erythrocytes and leukocytes 
derived from hematopoietic stem cells and/or hematopoietic precursor cells. A filter method of recovering leukocytes 
utilizes a filter for passing erythrocytes but capturing leukocytes derived from hematopoietic stem cells and/or hemat-

25 opoietic precursor cells and the leukocytes captured therein is recovered with a washing solution. 
[0005] However, the centrifugation method requires such skills as not to cause disturbance of the interfaces among 
separated blood components, while the filter method has the disadvantage of low yield because the density of the filter 
material is so high as to capture hematopoietic stem cell- and/or hematopoietic precursor cell-derived leukocytes at 
high concentration, thus making it difficult to remove leukocytes which have adhered to the filter material even if a wash-

30 ing solution is used. 
[0006] The present invention is to solve these problems, and the object of the present invention is to provide a filter 
set for efficiently recovering desired blood components from blood and a method of recovering blood components by 
use of the filter set. 
[0007] As a result of their eager study for achieving the above object, the present inventors found that desired blood 

35 components can be efficiently recovered from blood with a blood filter set which comprises a bag body charged with a 
filter material and an accommodation vessel for accommodating said bag body. Further, they found that a filter set com­
prises preferably a bag body consisting of a flexible sheet charged inside with a filter material and a rigid accommoda­
tion vessel for accommodating the bag body in a compressed condition or in a freely expansive and compressive 
condition. Additionally, they found that mainly leukocytes could be efficiently recovered from blood by a bag body 

40 charged inside with a filter material and a flexible tube body accommodating the bag body in a compressed condition 
in the thickness direction. 

Summary of the Invention 

45 [0008] That is, the present invention relates to a filter set comprising a bag body having a blood flow inlet and a blood 
flow outlet and charged with a filter material, and an accommodation vessel for accommodating said bag body. 
[0009] One embodiment of this invention is a filter set comprising a bag body having a blood flow inlet and a blood 
flow outlet and consisting of a flexible sheet charged inside with a filter material, and a rigid accommodation vessel for 
accommodating said bag body which is freely removed therefrom and for accommodating said bag body in a com-

50 pressed condition at the time of accommodation. 
[001 OJ The rigid accommodation vessel is a rectangular parallelepiped vessel provided with a takeout port from which 
the bag body can be removed or a vessel provided with a lid which can be opened and closed or the like. 
[0011] Another embodiment of this invention is a filter set comprising a bag body having a blood flow inlet and a blood 
flow outlet and consisting of a flexible sheet charged inside with a filter material, and a rigid accommodation vessel for 

55 accommodating said bag body, wherein said bag body is compressed by filling with compressed gas. and after blood 
is passed through said bag body in a compressed condition, the compressed gas is exhausted to relieve the compres­
sion of said bag body through which a washing solution is then passed. 
[0012] The rigid accommodation vessel includes a vessel compressing said bag body by filling with compressed gas 
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and relieving the compression of the bag body by exhausting the compressed gas. Otherwise, the vessel is capable of 
further expanding the bag body by evacuating the inside of the vessel after relieving the compression condition. 

[0013] Another embodiment is a filter set comprising a bag body having a blood flow inlet and a blood flow outlet and 
being charged inside with a filter material and a flexible tube body accommodating the bag body in a compressed con-

5 dition in the thickness direction, wherein said bag body can be removed from said tube body. 
[0014] The tube body is a heat-shrinkable tube or possesses a similar length to that of the bag body and a smaller 
volume than that of the bag body. If the tube body is heat-shrinkable, the tube body is preferably provided with a rup­
tured portion. And if the tube body possesses a similar length to that of the bag body and a smaller volume than that of 
the bag body, the tube body is preferably provided at least one end with a grasping portion for removing the tube body 

10 from the bag body. 
[0015] The present invention relates to a method of recovering blood components comprises accommodating a bag 
body into an accommodation vessel, wherein the bag body has a blood flow inlet and a blood flow outlet and is charged 
inside with a filter material, passing blood flow through said bag body in a condition compressed by said accommoda­
tion vessel to adhere blood components to the filter material, removing the bag body from said accommodation vessel, 

15 passing a washing solution through the inside of said bag body in an expanded condition so as to wash off the blood 
components adhered to said filter material, and recovering the blood components. 
[0016] One embodiment of the present invention relates to a method of recovering blood components comprises filling 
a bag body with compressed gas to compress said bag body, wherein the bag body has a blood flow inlet and a blood 
flow outlet, consists of a flexible sheet and is charged inside with a filter material and accommodated in a rigid accom-

20 modation vessel, passing blood flow through said bag body in a compressed condition to adhere blood component to 
the filter material, exhausting the compressed gas to relieve the compression condition of said bag body, passing a 
washing solution through the inside of said bag body so as to wash off the blood components adhered to said filter 
material and recovering the blood components. 
[0017] After the compressed gas is exhausted, the inside of the vessel may be evacuated to further expand said bag 

25 body through which the washing solution is then passed to wash and recover blood components having adhered to said 
filter. 
[0018] Another embodiment is a method of recovering blood components comprising passing blood through a bag 
body in a compressed condition, wherein the bag body has a blood flow inlet and a blood flow outlet, consists of a flex­
ible sheet and is charged with a filter material and accommodated in a flexible tubular body in a compressed condition 

30 in the thickness direction, removing the bag body from the flexible tubular body to relieve the compression of the bag 
body, passing a washing solution through the inside of said bag body so as to wash off the blood components adhered 
to the filter material. and recovering the blood components. 

35 

Brief Description of the Drawings 

[0019] 

Fig. 1 is a drawing showing one example of the filter set of the present invention. 
Fig. 2 is a longitudinal section of the filter set shown in Fig. 1. 

40 Fig. 3 is a drawing illustrating the filter set shown in Fig. 1. 
Fig. 4 is a drawing showing another example of the filter set of the present invention. 
Fig. 5 is a drawing showing the method of recovering blood components according to the present invention. 
Fig. 6 is a drawing showing another example of the blood filter set of the present invention. 
Fig. 7 is a longitudinal section of the bag body compressed by filling the blood filter set in Fig. 6 with compressed 

45 gas. 
Fig. 8 is a longitudinal section showing the condition under which the bag body whose compression was relieved 
by exhausting the compressed gas from the blood filter set shown in Fig. 6. 
Fig. 9 shows one example of the filter set of the present invention. 
Fig. 1 O is a longitudinal section of the filter set shown in Fig. 9. 

50 Fig.11 shows another example of the filter of the present invention. 

Description of Preferred Embodiments 

[0020] Examples of the present invention are described with reference to the drawings. 
55 [0021] As shown in Figs. 1, 2 and 3, the filter set 1 is composed of bag body 11 charged inside with filter material 12, 

tube 21 connected to blood flow inlet 111 and tube 22 connected to blood flow outlet 112 for the bag body 11, and an 
accommodation vessel 3 for accommodating the bag body 11 in a compressed condition. Figs. 1 and 2 show that the 
bag body 11 has been removed from the accommodation vessel 3 and Fig. 3 shows that the bag body 11 has been 
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accommodated in the accommodation vessel 3. 

[0022] The bag body 11 consists of two flexible sheets welded along the edge thereof. The material of the bag body 
11 includes soft polyvinyl chloride, ethylene-vinyl acetate copolymers, styrene-butadiene-styrene copolymers, poly­
urethane, polyamide, polyester, polyethylene, polypropylene etc. The welding method is preferably thermal welding, 

5 high frequency welding, ultrasonic welding, solvent welding or the like. 
[0023] The bag body 11 has been charged inside with the filter material 12, and the filter material 12 is sealed along 
the edge to the weld of the bag body 11. The filter material 12 is to capture desired blood components (mainly leuko­
cytes) from blood, and it is composed preferably of synthetic fibers such as polyester, polypropylene, polyethylene, 
polymethyl methacrylate, polyamide etc., natural fibers such as cotton etc. 

10 [0024] The diameter of the fiber is preferably in the range of 0.1 to 40 µm, preferably 0.5 to 25 µm, more preferably 
0.5 to 1 O µm, and most preferably 0.5 to 3 µm, and in the case of a diameter of less than 0.1 µm, spaces between the 
fibers per unit area tend to become small thus increasing filtration resistance, while in the case of a diameter of more 
than 40 µm, the volume of the fibers tends to become large thus increasing absorption of undesired blood components. 
[0025] The bulk density of fiber agglomerate in compressed bag body 11 is 0.05 to 0.50 g/cm3 , preferably 0.08 to 0.30 

15 g/cm3 , and more preferably 0.10 to 0.20 g/cm3 . If the bulk density is less than 0.05 g/cm3, the yield of leukocytes recov­
ered in the filter tends to decrease. and if the bulk density exceeds 0.50 g/cm3, the flow rate of blood passing through 
the filter tends to decrease. 
[0026] The amount of the filter material 12 charged may be any amount enough to achieve degrees of capture pos­
sessed by a conventional leukocyte-removing filter in a compressed condition. 

20 [0027] This filter material 12 may be formed of two or more materials or may comprise layers of different substances 
or different mesh sizes laminated therein. If the filter material 12 is composed of a multi-layer fiber agglomerate, at least 
one layer has a fiber diameter of 25 µm or less and a bulk density of 0.05 to 0.50 g/cm3 in a compressed condition. The 
multi-layer structure is composed of 2 to 6 layers, where a layer near the blood flow inlet consisting of fiber agglomerate 
having a large fiber diameter and a high bulk density and a layer near the blood flow outlet consisting of a fiber agglom-

25 erate having a small fiber diameter and a low bulk density are preferably arranged so that leukocytes can be captured 
in the order of a decreasing diameter through the layers. 
[0028] For example, if the filter material 12 in compressed bag body 11 is a multi-layer fiber agglomerate consisting 
of a fiber agglomerate with a fiber diameter of 1 O µm and a bulk density of 0.23 g/cm3 as a first layer, a fiber agglomerate 
with a fiber diameter of 3.5 µm and a bulk density of 0. 11 g/cm3 as a second layer and a fiber agglomerate with a fiber 

30 diameter of 1.8 µm and a bulk density of 0.12 g/cm3 as a third layer, then blood components with large diameters will 
be captured by the first layer, monocytes and granulocytes by the second layer and lymphocytes by the third layer. 
[0029] This filter material 12 may be formed of two or more materials or may comprise layers of different substances 
or different mesh sizes laminated therein. Further, the filter material 12 is not limited to the structure in which it is sealed 
along the edge to the weld of the bag body 11, and as shown in e.g. Japanese Laid-Open Patent Publication No. 

35 67952/1995, the filter material may be formed into a hanging-bell form, and its edge is sealed by welding from a lower 
part to the side while an upper part is open and the end of the upper part is welded with a bag body. 
[0030] In the bag body 11 . the blood flow inlet 111 and the blood flow outlet 112 are arranged in the opposite side to 
each other relative to the filter material 12, and blood introduced from the blood flow inlet 111 is passed through the filter 
material 12 and discharged from the blood flow outlet 112. Similarly, a washing solution introduced from the blood flow 

40 inlet 111 or the blood flow outlet 112 is passed through the filter material 12 and discharged from the blood flow outlet 
112 or the blood flow inlet 111. The bag body 11 made of a flexible sheet charged with the filter material 12 is freely 
expansive and compressive, and spaces between the fibers in the filter material 12 are variable, therefore, spaces 
between the fibers are made small when blood is passed, while spaces between the fibers is made large when a wash­
ing solution is passed. Here, the washing solution is to wash away the blood components having adhered to filter mate-

45 rial 12 and recover them, and it is preferably physiological saline, Hank's solution, Dulbecco phosphate buffer, dextran 
etc. which may optionally contain human serum albumin or an anti-coagulation agent. 
[0031] Tube 21 is connected to the blood flow inlet 111, and tube 22 is connected to the blood flow outlet 112. The 
connection method includes welding, adhesion, connection by a connector, etc. In the case of connection by a connec­
tor, usually the tube 21 has been connected to the bag body 11, but the tube 21 may be aseptically connected to the 

50 bag body 11 just before use. When the filter set of the present invention is used, one end of tubes 21 and 22 is attached 
to the bag body 11, and a blood bag (not shown) is attached to the other end of tubes 21 and 22, but in place of tubes 
21 and 22, syringes etc. may be connected to the blood flow inlet 111 and the blood flow outlet 112. 
[0032] The accommodation vessel 3 is a rectangular parallelepiped vessel which is formed of a rigid material so as 
to accommodate the bag body 11 in a compressed condition and which is provided with the bag body-removing port 31 

55 from which the bag body 11 can be removed. The vessel is attached so as to slide freely in the longitudinal direction on 
tube 21 attached to the side of the blood flow inlet 111. The material includes synthetic resin such as polycarbonate, 
polystyrene, rigid polyvinyl chloride, polypropylene etc. or metals. The accommodation vessel 3 preferably has a size 
enough to compress the bag body 11 to achieve degrees of capture possessed by a conventional leukocyte-removing 
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filter. However, the accommodation vessel 3 in the present invention is not limited to the shape shown in Figs. 1, 2 and 
3, and the accommodation vessel 3 may have any shape by which the bag body 11 is accommodated in a compressed 
condition so as to capture desired blood components and from which the bag body 11 can be removed so as to effi­
ciently recover blood components captured in the filter material 12. 

5 [0033] The filter set of the present invention may be constituted as shown in Fig. 4. The accommodation vessel 4 has 
a lid 41, which can be opened and closed freely, the bag body accommodated therein is compressed by closing the lid 
41 in Fig.4. A groove 43 in which a tube connected with a bag body 11 is inserted and a connecting means to close a 
lid 41 are provided with the accommodation vessel 4. The connecting means may be such that can not put out the con­
nection by the resiliency of the compressed bag body when the lid is closed. For instance, they are constituted with an 

10 arm 411 provided with the lid 41 and a protuberance 421 connected with said arm 411 and provided with the vessel 
body 42. In this example this filter set has advantages that there is no risk for damaging the bag body 11 and it may be 
possible to relieve a compression of the bag body 11 more rapidly because the bag body is not necessarily operated 
directly and the lid of the accommodation vessel is to be opened simply. 
[0034] The method of recovering hematopoietic stem cell- and/or hematopoietic precursor cell-derived leukocytes 

15 from umbilical cord blood by use of the filter set 1 shown in Figs. 1, 2 and 3 is described. 
[0035] First, the bag body 11 is accommodated in the accommodation vessel 3, and umbilical cord blood is passed 
from the blood flow inlet 111, through the bag body 11 in a compressed condition, to the blood flow outlet 112. In this 
step, the filter material 12 is compressed and spaces between the fibers are made small, so leukocytes derived from 
hematopoietic stem cells and/or hematopoietic precursor cells can be accurately captured. 

20 [0036] Then, the bag body 11 is removed from the accommodation vessel 3, and a washing solution is passed from 
the blood flow outlet 112 to the blood flow inlet 111. In this step, the compression of the filter material 12 is relieved and 
spaces between the fibers are made large, so hematopoietic stem cell-and/or hematopoietic precursor cell-derived leu­
kocytes having adhered to the filter material 12 can be easily removed and easily washed away with the washing solu­
tion for recovery. Because spaces between the fibers are made large, the washing solution can be easily passed 

25 therethrough to reduce the time necessary for passing the solution. Here, the washing solution may be introduced from 
the blood flow inlet 111 or blood flow outlet 112. 
[0037) The washing solution containing leukocytes derived from hematopoietic stem cells and/or hematopoietic pre­
cursor cells is once recovered in a vessel and then separated by centrifugation or passage through a filter, whereby 
hematopoietic stem cells and/or hematopoietic precursor cells are recovered. At this step, a filter capturing granulo-

30 cytes and monocytes but passing hematopoietic stem cells and/or hematopoietic precursor cells is preferably used. 
[0038] The blood filter set of the present invention is described with reference to Figs. 6, 7 and 8. The blood filter set 
1 is composed of the bag body 11 charged inside with the filter material 12, tube 21 connected to blood flow inlet 111 
and tube 22 connected to blood flow outlet 112 for the bag body 11, and the rigid accommodation vessel 3 for accom­
modating the bag body 11. The accommodation vessel 3 includes ports 31, 32 provided on regions where tubes 21, 22 

35 connected to the bag body 11 penetrate the accommodation vessel 3, in order to maintain the airtightness of the vessel. 
Introduction and discharge of gas is conducted through the 2-directional stopcock 33. 
[0039] The accommodation vessel 3 is a rectangular parallelepiped vessel which is formed of a rigid material so as 
to accommodate the bag body 11 in a compressed condition by filling the vessel with compressed gas and which is pro­
vided with ports 31, 32 for maintaining the airtightness of the tube-connecting portions and with the 2-directional stop-

40 cock 33 for introducing and discharging gas. 0-rings (not shown) are inserted into between ports 31, 32 and tubes 21, 
22 to maintain the airtightness of the accommodation vessel 3. If the accommodation vessel 3 is formed of synthetic 
resin, the port and the tube may be welded by ultrasonic wave. The compressed gas used includes inert gases such as 
air, nitrogen, argon etc. 
[0040] Because the bag body 11 is compressed to achieve degrees of capture possessed by a conventional leuko-

45 cyte-removing filter; the accommodation vessel 3 should be formed of a material capable of enduring the compression. 
The material includes synthetic resin such as polycarbonate, polystyrene, rigid polyvinyl chloride etc. and metals such 
as stainless steel, aluminum etc. The accommodation vessel 3 is preferably in such a size that it can accommodate the 
bag body 11 expanded to increase spaces between the fibers in the filter material 12. 
[0041) However, the accommodation vessel 3 in the present invention is not limited to the shape shown in the draw-

50 ings and may have any shape by which the bag body 11 can be accommodated in a compressed condition so as to 
capture desired blood components and the bag body 11 can be expanded so as to efficiently recover blood components 
captured in the filter material 12. 
[0042) Fig. 5 is a drawing showing the method of collecting blood components by use of the blood filter set in Fig. 6. 
Blood components collecting apparatus 50 in Fig. 5 includes a filter set of this invention. 

55 [0043) From the blood bag 51 in which whole blood was accommodated, the whole blood is passed through the 3-
directional stopcock 55, then tube 21, and introduced from the blood flow inlet 111 into the inside of the bag body 11 in 
a compressed condition. Leukocytes in the filter material 12 have been captured for example in spaces between the fib­
ers therein, while erythrocytes are passed through the filter material 12, then through the blood flow outlet 112, tube 22 
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and 3-directional stopcock 56 and are recovered in the erythrocyte-recovering bag 53. The erythrocyte-recovering bag 
53 can also accommodate platelets in addition to erythrocytes, depending on the type of the filter material 12. Thereaf­
ter, a washing solution in the wash bag 52 is passed through the 3-directional stopcock 55, tube 21, and blood flow inlet 
111, thus washing away leukocytes from the filter material 12 having spaces increased between the fibers, whereby the 

5 leukocytes are passed through the blood flow outlet 112, tube 22, and 3-directional stopcock 56 and recovered in the 
leukocyte-recovering bag 54. 

[0044] The method of recovering hematopoietic stem cell- and/or hematopoietic precursor cell-derived leukocytes 
from umbilical cord blood by use of the filter set 1 in Fig.6 is described. 
[0045] First, umbilical cord blood is passed from the blood flow inlet 111, through the bag body 11 compressed in the 

10 accommodation vessel 3 by filling the vessel with compressed gas, to the blood flow outlet 112. In this step, the filter 
material 12 is also compressed, and leukocytes derived from hematopoietic stem cells and/or hematopoietic precursor 
cells are captured in spaces between the fibers. The compressed gas may be filled by a pump or may be injected by a 
syringe that was directly connected to the 2-directional stopcock 33. 
[0046] Then, the 2-directional stopcock 33 is opened, and the compressed gas is exhausted from the accommodation 

15 vessel 3 to relieve the compressed condition of the bag body 11, thus expanding the bag body 11 through which the 
washing solution is then passed from the blood flow inlet 111 to blood flow outlet 112. During this step, the compression 
of the filter material 12 is also relieved and spaces between the fibers are made large, so leukocytes derived from 
hematopoietic stem cells and/or hematopoietic precursor cells having adhered to the filter material 12 are easily 
removed, easily washed away with the washing solution, and recovered in the leukocyte-recovering bag 54 in Fig. 6. 

20 Here, the washing solution may be introduced from the blood flow inlet 111 or blood flow outlet 112. 
[0047] The washing solution containing leukocytes derived from hematopoietic stem cells and/or hematopoietic pre­
cursor cells is once recovered in a blood-recovery vessel and then separated by centrifugation or passage through a 
filter, whereby hematopoietic stem cells and/or hematopoietic precursor cells are recovered. As the filter used, a filter 
capturing granulocytes and monocytes but passing hematopoietic stem cells and/or hematopoietic precursor cells is 

25 preferably used. 
[0048] In this case, the inside of the vessel is further evacuated by exhausting the compressed gas followed by evac­
uation by a vacuum pump, or by reducing the pressure in the vessel by use of the syringe connected to the 2-directional 
stopcock 33, whereby the bag body 11 is further expanded and spaces between the fibers in the filter are further 
enlarged thus facilitating recovery and reducing the time required for recovery. 

30 [0049] As described above, because the filter set of the present invention can relieve the compressed condition by 
merely opening the 2-directional stopcock 33, its operation is easier than in the prior art. Further, the washing solution 
can be easily passed by increasing spaces between the fibers to reduce the time necessary for passing the solution. 
[0050] As shown in Figs. 9, 1 O and 11, the filter set is composed of bag body 11 charged inside with filter material 12, 
tube 21 connected to blood flow inlet 111 and tube 22 connected to blood flow outlet 112 for the bag body 11, and flex-

35 ible tube body 6 or 7 for accommodating the bag body 11 in a compressed state in the thickness direction. 
[0051] The bag body 11 consists of two flexible sheets which were welded along the edge thereof by thermal welding, 
high-frequency welding, ultrasonic welding, solvent welding or the like. The material of the bag body 11 is preferably 
synthetic resin such as soft polyvinyl chloride, ethylene-vinyl acetate copolymers, styrene-butadiene-styrene copoly­
mers, polyurethane, polyamide, polyester. polyethylene, polypropylene etc. 

40 [0052] As shown in Fig. 10, the bag body 1 has been charged inside with the filter material 12. The filter material 12 
is to capture mainly leukocytes from blood, and it is composed preferably of synthetic fibers such as polyester, polypro­
pylene, polyethylene, polymethyl methacrylate, polyamide etc., natural fibers such as cotton, etc. The diameter of the 
fiber is preferably in the range of 0.1 to 40 µm, and in the case of a diameter of less than 0.1 µm, spaces between the 
fibers per unit area tend to become small thus increasing filtration resistance, while in the case of a diameter of more 

45 than 40 µm, the volume of the fibers tends to become large thus increasing absorption of excess blood components. 
The amount of the filter material 12 charged may be any amount enough to achieve degrees of capture possessed by 
a conventional leukocyte-removing filter in a compressed condition. 
[0053] The tube body 6 shown in Fig. 9 consists of a heat-shrinkable tube formed of one or more layers of synthetic 
resin such as polyvinyl chloride, polyester, polypropylene, polyethylene, polystyrene etc., and after the bag body 11 is 

50 accommodated therein, the tube body 3 is heat-shrunk to compress the bag body 11 in a desired shrinkage condition. 
The tube body 6 may be provided at one end (in the side of tube 22) with a ruptured portion such as V-shaped cutting 
61, and a perforation may be provided along the longitudinal direction from the cutting 61 so that after blood is passed 
through the bag body 11, the tube body 6 can be easily ruptured along the perforation 62. The tube body 6 is not par­
ticularly limited, but usually formed to have a thickness of about 10 to 100 µm. 

55 [0054] As shown in Fig. 11, the tube body possessing a similar length to that of the bag body 1 and a smaller volume 
than that of the bag body 11 can be used to accommodate the bag body 11 in a desired compressed condition. The 
tube body 7 may be provided at one end {in the side of tube 22) with a grasping portion 63 for removing the tube body 
7 from the bag body 11. After blood is passed through the bag body 11, the tube body 7 easily slides so that it can be 
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removed from the bag body 11. That is, it can easily slide for removal from the bag body 11 by supporting the bag body 
11 with one hand and pulling the grasping portion 63 with the other hand. The material of the tube body 7 is preferably 
synthetic resin such as polyvinyl chloride, polyethylene, polypropylene etc. The grasping portion 63 may be formed of 
synthetic resin such as polypropylene, polyethylene etc., but the grasping portion 63, if provided in a rib form along the 

5 edge of the tube body 7 as shown in this example, is formed preferably into one body using the same material as the 
tube body 7. 

[0055] The tube body may be in any shape enough to compress the bag body 11 to achieve degrees of capture pos­
sessed by a conventional leukocyte-removing filter, and the shape is not limited to the shapes shown in Figs. 9 and 11. 
[0056] The method of recovering hematopoietic stem cell- and/or hematopoietic precursor cell-derived leukocytes 

10 from umbilical cord blood is described with reference to Fig. 9. 
[0057] First, umbilical cord blood is passed from the blood flow inlet 111, through the bag body 11 accommodated in 
the tube body 6, to the blood flow outlet 112. In this step, the filter material 12 is compressed to attain suitable spaces 
between the fibers, therefore, leukocytes derived from hematopoietic stem cells and/or hematopoietic precursor cells 
can be accurately captured. 

15 [0058] Then, the tube body 6 is ruptured along the perforation 62 from the ruptured portion 61 to remove the bag body 
11 from the tube body 6, and a washing solution is passed from the blood flow outlet 112 to the blood flow inlet 111. 
During this step, the compression of the filter material 12 is relieved and spaces between the fibers are made large, 
therefore, leukocytes derived from hematopoietic stem cells and/or hematopoietic precursor cells having adhered to the 
filter material 11 are easily removed and easily washed away with the washing solution for recovery. Because spaces 

20 between the fibers are made large, the washing solution can be easily passed therethrough to reduce the time neces­
sary for passing the solution. Here, the washing solution may be introduced from the blood flow inlet 111 or blood flow 
outlet 112. 

25 

Example 1 

[0059] The filter set 1 shown in Fig. 1 is used. The filter material 12 charged in the bag body 11 consists of a 3-layer 
nonwoven fabric (filtration area 12.6 cm2) using polyethylene terephthalate fibers. The structure of the three layers in 
the bag body 11 compressed in the accommodation vessel 3 consists of a nonwoven fabric with a fiber diameter of 1 O 
µm and a bulk density of 0.23 g/cm3 in an upper layer as a first layer, a nonwoven fabric with a fiber diameter of 3.5 µm 

30 and a bulk density of 0.09 g/cm3 in an interlayer as a second layer and a nonwoven fabric with a fiber diameter of 1.8 
µm and a bulk density of 0. 12 g/cm3 in a sublayer as a third layer. The weight ratio thereof was 52: 21 : 27, and the total 
thickness was 7.4 mm. 
[0060] As shown in Fig. 3, the bag body 11 was accommodated in the accommodation vessel and 100 ml bovine 
blood containing ACD solution as an anti-coagulation agent was passed therethrough under a compressed condition at 

35 a flow rate of 5 ml/min. whereby leukocytes were captured in the inside of the bag body 11 while erythrocytes were 
passed through the bag body 11 and recovered in the erythrocyte-recovering bag 53 shown in Fig. 5. 
[0061] The yield of erythrocytes recovered in the erythrocyte-recovering bag 53 was 92 %, and the yield of platelets 
therein was 15 o/o. 
[0062] Then, the 3-directional stopcock 56 was closed and then the accommodation vessel was removed as shown 

40 in Fig. 1 and the compressed condition of the bag body 11 was relieved. And after the bag body 11 was filled with dex­
tran to widen spaces between the fibers, 150 ml dextran solution was poured out at a flow rate of 15 ml/min. and accom­
modated into the leukocyte accommodation bag 54. The ratio of enlargement of the filter material 12 due to removing 
of the bag body 11 from the accommodation vessel 3 and the recovery of leukocytes recovered in the leukocyte-recov­
ering bag 54 are shown in Table 1 . 

45 [0063] The volume expansion ratio is the ratio of the inner volume of the bag body 11 in which the compression of the 
filter material 12 was relieved by removing the accommodation vessel versus the inner volume of the bag body 11 in 
which the filter material 12 was compressed by accommodating the bag body in the accommodation vessel. The leu­
kocyte recovery ratio is the ratio of the number of leukocytes in the dextran solution recovered in the leukocyte-recov­
ering bag 54 versus the number of leukocytes in blood accommodated in the blood bag 51. 

50 

Example2 

[0064] The filter set 1 shown in Fig. 1 is used. A nonwoven fabric with a fiber diameter of 10 µm and a nonwoven fabric 
with a fiber diameter of 1.83 µm were immersed in 0.25 % 2-hydroxyethyl methacrylate/diethylaminoethyl methacrylate 

55 copolymer in ethanol to make a 2-layer laminate. A filter material 12 having a 2-layer structure consisting of said non­
woven fabric having a fiber diameter of 1 O µm and a bulk density of 0.32 g/cm3 as an upper layer (first layer) and said 
nonwoven fabric with a fiber diameter of 1.8 3 µm and a bulk density of 0.12 g/cm3 as a sublayer (second layer) in a 
compressed condition (volume ratio 72. 7 : 27.3) was accommodated in a bag body 11 (filtration area 12.6 cm2). 
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[0065] The bag body 11 was accommodated in the accommodation vessel 3, and 50 ml umbilical cord blood using a 
heparin solution as an anti-coagulation agent was passed therethrough at a flow rate of 5 mVmin. whereby leukocytes 
derived from hematopoietic stem cells and/or hematopoietic precursor cells were captured in the filter material 12 in the 
inside of the bag body 11. Erythrocytes and platelets were passed through the bag body 11 and recovered in the eryth-

5 rocyte-recovering bag 53. The yield of erythrocytes recovered in the erythrocyte-recovering bag 53 was 85 % and the 
yield of platelets therein was 81 %. Then, after closing the 3-directional stopcock 56, removing the accommodation ves­
sel and relieving the compression of the bag body, dextran solution was passed into the bag body 11 so that leukocytes 
derived from hematopoietic stem cells and/or hematopoietic precursor cells were recovered in the leukocyte-recovering 
bag 54. 

10 [0066] The volume expansion ratio of the bag body 11 and the yield of leukocytes recovered in the leukocyte-recov­
ering bag 54. as determined in the_same manner as in Example 1, are shown in Table 1. 

Example3 

15 [0067] The similar experiment to Example 1 was done by using the filter set 10 shown in Fig. 4. The bag body 11 and 
the filter material 12 are same as in Example 1. 
[0068] The ratio of enlargement of the bag body 11 due to opening the lid and the recovery of leukocytes recovered 
in the leukocyte-recovering bag 54 are shown in Table 1. 
[0069] The volume expansion ratio is the ratio of the inner volume of the bag body 11 in which the compression of the 

20 filter material 12 was relieved by opening the lid versus the inner volume of the bag body 11 in which the filter material 
12 was compressed by closing the lid. The leukocyte recovery ratio is the ratio of the number of leukocytes in the dex­
tran solution recovered in the leukocyte-recovering bag 54 versus the number of leukocytes in blood accommodated in 
the blood bag 51. 

25 Example4 

[0070] The similar experiment to Example 2 was done by using the filter set 1 O shown in Fig. 4. The bag body 11 and 
the filter material 12 are same as in Example 2. 
[0071] The ratio of enlargement of the bag body 11 due to opening the lid and the recovery of leukocytes recovered 

30 in the leukocyte-recovering bag 54 are shown in Table 1. 

Table 1 

Volume expansion ratio Leukocyte recovery ratio 
35 (fold) (o/o) 

Example 1 1.00 42.6 

1.51 78.2 

40 
Example 2 1.01 41.5 

1.46 76.5 

Example 3 1.00 49.6 

1.48 83.2 

45 Example 4 1.00 41.5 

1.51 80.6 

50 Example 5 

[0072] The filter set 1 shown in Fig. 6 is used. The filter material 12 charged in the bag body 11 consists of a 3-layer 
nonwoven fabric (filtration area 12.6 cm2) using polyethylene terephthalate fibers. The structure of the three layers in 
the bag body 11 compressed in the accommodation vessel 3 consists of a nonwoven fabric with a fiber diameter of 10 

55 µm and a bulk density of 0.19 g/cm3 in an upper layer as a first layer. a nonwoven fabric with a fiber diameter of 3.5 µm 
and a bulk density of 0.05 g/cm3 in an interlayer as a second layer and a nonwoven fabric with a fiber diameter of 1.8 
µm and a bulk density of 0.14 g/cm3 in a sublayer as a third layer. The weight ratio thereof was 52: 21: 27, and the total 
thickness was 6.0 mm. 
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[0073] As shown in Fig. 7, the bag body 11 was compressed by injecting compressed air into the accommodation 
vessel 3 by use of a syringe, and 100 ml bovine blood containing ACD solution as an anti-coagulation agent was passed 
therethrough under a compressed condition at a flow rate of 5 mVmin. whereby leukocytes were captured in the inside 
of the bag body 11 while erythrocytes were passed through the bag body 11 and recovered in the erythrocyte-recover-

5 ing bag 53 shown in Fig. 5. 

[0074] The yield of erythrocytes recovered in the erythrocyte-recovering bag 53 was 90 %, and the yield of platelets 
therein was 13 %. 
[0075] Then, the 3-directional stopcock 56 was closed and then the 2-directional stopcock 33 was opened to exhaust 
the compressed air from the accommodation vessel 3 so that as shown in Fig. 8, the bag body 11 was expanded due 

10 to relieved compression. Thereafter, the bag body 11 was filled with dextran solution to widen spaces between the fib­
ers. After shifting the direction of the 3-directional stopcock 56 to the leukocyte-recovering bag 54, 150 ml dextran solu­
tion was passed at a flow rate of 15 ml/min. and recovered in the leukocyte-recovering bag 54. The compressed air was 
exhausted from the accommodation vessel 3. The ratio of enlargement of the filter material 12 due to the relieved com­
pression of the bag body 11 and the recovery of leukocytes recovered in the leukocyte-recovering bag 54 are shown in 

15 Table 2. 
[0076) The volume expansion ratio is the ratio of the inner volume of the bag body 11 in which the compression of the 
filter material 12 was relieved by exhausting the compressed air versus the inner volume of the bag body 11 in which 
the filter material 12 was compressed by filling the accommodation vessel 3 with the compressed air. The leukocyte 
recovery ratio is the ratio of the number of leukocytes in the dextran recovered in the leukocyte-recovering bag 54 ver-

20 sus the number of leukocytes in blood recovered in the blood bag 51. 

25 

30 

Table 2 

Volume expansion ratio (fold) 1.00 1.05 1.20 1.40 1.60 1.80 2.00 

Leukocyte recovery ratio (%) 32.0 52.0 75.0 84.0 85.0 84.0 83.0 

[0077] As is evident from Table 2, the yield of leukocyte increases with an increasing volume expansion ratio, but when 
the volume expansion ratio is 1.4 or more, the yield becomes nearly constant. 

Example6 

[0078] The filter set 1 shown in Fig. 6 is used. A nonwoven fabric with a fiber diameter of 1 O µm and a nonwoven fabric 
with a fiber diameter of 1.8 µm were immersed in 0.25 % 2-hydroxyethyl methacrylate/diethylaminoethyl methacrylate 

35 copolymer in ethanol to make a 2-layer laminate. A filter material 12 having a 2-layer structure consisting of said non­
woven fabric having a fiber diameter of 1 O µm and a bulk density of 0.3 g/cm3 as an upper layer (first layer) and said 
nonwoven fabric with a fiber diameter of 1.8 µm and a bulk density of 0.14 g/cm3 as a sublayer (second layer) in a com­
pressed condition (volume ratio 72.7: 27.3) was accommodated in a bag body 11 (filtration area 12.6 cm2). 

[0079) The bag body 11 was compressed by injecting compressed air into the accommodation vessel 3 by use of a 
40 syringe, and 50 ml umbilical cord blood using a heparin solution as an anti-coagulation agent was passed therethrough 

at a flow rate of 5 ml/min. whereby leukocytes derived from hematopoietic stem cells and/or hematopoietic precursor 
cells were captured in the filter material 12 in the inside of the bag body 11. 
[0080) Erythrocytes and platelets were passed through the bag body 11 and recovered in the erythrocyte-recovering 
bag 53. The yield of erythrocytes recovered in the erythrocyte-recovering bag 53 was 87 % and the yield of platelets 

45 therein was 91 %. Then, the 3-directional stopcock 56 was closed and then the 2-directional stopcock 33 was opened 
to exhaust the compressed air thus relieving the compressed condition of the bag body 11 , and dextran solution was 
passed into the bag body 11 so that leukocytes derived from hematopoietic stem cells and/or hematopoietic precursor 
cells were recovered in the leukocyte-recovering bag 54. 
[0081] The volume expansion ratio of the bag body 11 and the yield of leukocytes recovered in the leukocyte-recov-

50 ering bag 54, as determined in the same manner as in Example 1, are shown in Table 3. 

Table 3 

Volume expansion ratio (fold) 1.00 1.05 1.20 1.40 1.60 1.80 2.00 
55 

Leukocyte recovery ratio (%) 41.0 48.0 78.0 85.0 87.0 87.0 85.0 

[0082] As is evident from Table 3, the yield of leukocyte increases with an increasing volume expansion ratio, but when 
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the volume expansion ratio is 1.4 or more, the yield becomes nearly constant. 

Effects of the Invention 

5 [0083] As is evident from the foregoing description, blood components having adhered to the filter material can be 
efficiently recovered by the blood filter set of the present invention. Further, the time required for passing the washing 
solution can be reduced. The filter set of the present invention can relieve the compression of the filter material in simple 
operation. 

10 Explanation of the Reference signs 

[0084] 

1,10 filter set, 
15 11 bag body, 

12 filter material, 
111 blood flow inlet, 
112 blood flow outlet, 
21,22 tube, 

20 3,4 accommodation vessel 
31,32 bag body-removing port 
33 2-directinal stopcock 
41 lid 
411 arm 

25 42 vessel body 
421 protuberance 
43 groove 
so blood components collecting apparatus 
51 blood bag 

30 52 washing solution bag 
53 erythrocyte-recovering bag 
54 leukocyte-recovering bag 
55,56 3-directional stopcock 
61 ruptured portion 

35 62 perforation 
63 grasping portion 

Claims 

40 1. A blood filter set comprising a bag body having a blood flow inlet and a blood flow outlet and charged with a filter 
material, and an accommodation vessel for accommodating said bag body. 

2. The blood filter set of claim 1 wherein the accommodation vessel is for accommodating said bag body which is 
freely removed therefrom and for accommodating said bag body in a compressed condition at the time of accom-

45 modation. 

3. The blood filter set of claim 1 wherein the accommodation vessel has a lid, which can be opened and closed easily. 

4. The blood filter set of claim 1 wherein said bag body is compressed by filling with compressed gas, and after blood 
50 is passed through said bag body in a compressed condition, the compressed gas is exhausted to relieve the com­

pression of said bag body and then a washing solution is passed through the bag body. 

55 

5. The blood filter set of claim 4 wherein the accommodation vessel further expands said bag body by evacuating the 
inside of the accommodation vessel. 

6. The blood filter set of claim 1 wherein the bag body consists of a flexible sheet. 

7. The blood filter set of claim 1 wherein the accommodation vessel is rigid. 
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8. The blood filter set of claim 1 wherein the accommodation vessel is a flexible tubular body. 

9. The blood filter set of claim 1 wherein the filter material is a fiber. 

5 1 O. The blood filter set of claim 9 wherein the diameter of the fiber is in the range of O. 1 to 40 µm. 

11. The blood filter set of claim 9 wherein the bulk density of fiber agglomerates in compressed bag body is 0.05 to 0.50 
g/cm3. 

10 12. A blood filter set comprising a bag body having a blood flow inlet and a blood flow outlet and consisting of a flexible 
sheet charged inside with a filter material, and a rigid accommodation vessels for accommodating said bag body 
which is freely removed therefrom and for accommodating said bag body in a compressed condition at the time of 
accommodation. 

15 13. A blood filter set comprising a bag body having a blood flow inlet and a blood flow outlet and consisting of a flexible 
sheet charged inside with a filter material, and a rigid accommodation vessel for accommodating said bag body, 
wherein said bag body is compressed by filling with compressed gas, and after blood is passed through said bag 
body in a compressed condition, the compressed gas is exhausted to relieve the compression of said bag body 
through which a washing solution is then passed. 

20 

14. The blood filter set of claim 12 or 13 wherein said accommodation vessel further expands said bag body by evac· 
uating the inside of the vessel. 

15. A blood filter set comprising a bag body having a blood flow inlet and a blood flow outlet and being charged with a 
25 filter material, and a flexible tube body accommodating the bag body in a compressed condition in the thickness 

direction, wherein said body can be removed from said tube body. 

16. The blood filter set of claim 15 wherein the tube body is heat-shrinkable. 

30 17. The blood filter set of claim 15 wherein the tube is provided with a ruptured portion. 

18. The blood filter set of claim 15 wherein the tube body possesses a similar length to that of the bag body and a 
smaller volume than that of the bag body. 

35 19. The blood filter set of claim 15 wherein the tube body is provided at least one end thereof, with a grasping portion 
for removing the tube body from the bag body. 

40 

45 

50 

20. A method of recovering blood components comprises 

accommodating a bag body into an accommodation vessel, wherein the bag body has a blood flow inlet and a 
blood flow outlet and is charged inside with a filter material, 
passing blood flow through said bag body in the condition compressed by said accommodation vessel to 
adhere blood components to the filter material, 
removing the bag body from said accommodation vessel, 
passing a washing solution through the inside of said bag body in an expanded condition so as to wash off the 
blood components adhered to said filter material, and 
recovering the blood components. 

21. The method of claim 20 wherein the bag body consists of a flexible sheet. 

22. The method of claim 20 wherein the accommodation vessel is rigid. 

23. The method of claim 20 wherein the filter material is a fiber. 

55 24. The method of claim 20 wherein the blood component is leukocyte. 

25. A method of recovering blood components comprises 
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filling a bag body with compressed gas to compress said bag body, wherein the bag body has a blood flow inlet 
and a blood flow outlet, consists of a flexible sheet and is charged inside with a filter material and accommo­
dated in a rigid accommodation vessel, 

passing blood flow through said bag body in a compressed condition to adhere blood components to the filter 
material, exhausting the compressed gas to relieve the compression condition of said bag body, 
passing a washing solution through the inside of said bag body so as to wash off the blood components 
adhered to said filter material, and 
recovering blood components. 

10 26. The methods of recovering blood components of claim 25 wherein further evacuating the inside of vessel to expand 
said bag body after the compressed gas is exhausted. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

27. A method of recovering blood components comprising 

passing blood through a bag body in a compressed condition, wherein the bag body has a blood flow inlet and 
a blood flow outlet, consists of a flexible sheet and is charged with a filter material and accommodated in a flex­
ible tubular body in a compressed condition in the thickness direction, 
removing the bag body from the flexible tubular body to relieve the compression of the bag body, 
passing a washing solution through the inside of said bag body so as to wash off the blood components 
adhered to the filter material, and 
recovering the blood components. 
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Description 

[0001] The present invention relaters to an infusion 
filter in accordance with the introduction to the main 
claim. 
[0002] Filters of the same type as the present inven­
tion have been known for some time. They present small 
dimensions, but must be used in well defined spatial ori­
entations to prevent the formation of air bubbles within 
the filter which, if they should reach the patient by being 
conveyed by the fluid, would result in serious well­
known problems. 
[0003] An object of the present invention is to provide 
an infusion filter which is improved with respect to similar 
known filters. 
[0004] A particular object of the invention is to provide 
a filter of the stated type which during use can be dis­
posed in a multiplicity of spatial positions without this 
involving risks to the correct fluid flow to a patient. 
[0005] Another object is to provide a filter of the stated 
type which can be used reliably and safely. 
[0006] These and other objects which will be apparent 
to the expert of the art are attained by a filter in accord­
ance with the accompanying claims. 
[0007] The present invention will be more apparent 
from the accompanying drawing, which is provided by 
way of non-limiting example and in which: 

Figure 1 is a front view of a filter according to the 
invention; 
Figure 2 is a side view of the filter of Figure 1; 
Figure 3 is a section on the line 3-3 of Figure 1 ; 
Figure 4 is an exploded view of the filter of Figure 1; 
Figure 5 is a schematic view of a characteristic of 
Figure 1; 
Figure 6 is a perspective view of a variant of the 
filter of Figure 1; 
Figure 7 is a partial perspective view of another var­
iant of the filter of Figure 1; 
Figure 8 is a section on the line 8-8 of Figure 7; 
Figure 9 is a partial perspective view of a further 
variant of the filter of Figure 1; 
Figure 1 O is a section on the line 10-1 O of Figure 9; 
Figure 11 is a partial perspective view of another 
variant of the filter of Figure 1; 
Figure 12 is a section on the line 12-12 of Figure 11 ; 
Figure 13 is a partial perspective view of another 
variant of the filter of Figure 1; 
Figure 14 is a section on the line 14-14of Figure 13; 
Figure 15 is a perspective view from above of a fur­
ther variant of the filter of Figure 1; and 
Figure 16 is a section on the line 16-16 of Figure 15. 

[0008] With reference to said Figures from 1 to 14, a 
filter according to the invention is indicated overall by 1 
and comprises a box casing 2 defined, in the example 
under examination, by a first and a second outer ele­
ment 3, 4 closing an intermediate element 5. These box 

casing elements 3, 4 and 5 are constructed preferably 
of plastic material in any known manner. 
[0009] The outer elements 3 and 4 comprise a flat por­
tion 6 and 7 having opposing faces 6A, 6B and 7A, 7B 

5 respectively. In proximity to the edge 9 of said portions 
6, 7, there projects from their face 6B, 78, which is in­
ternal with respect to the casing 2 (the face 6A and 7A 
being an external face of this latter), a shoulder 10 ar­
ranged to cooperate with a recess 11 provided in the 

10 facing surface of the element 5, in order to secure the 
elements 3 and 4 to the intermediate element 5. This 
fixing is obtained in any known manner, for example by 
ultrasonic bonding, gluing or other means. 
[0010] The surface facing the face 6B is indicated in 

15 the figures by 5A, while the surface facing the face 7B 
is indicated by 5B. 
[0011] Only one of the surfaces 5A and 5B is de­
scribed hereinafter as these are identical. Likewise only 
one of the elements 3 and 4 is described hereinafter, it 

20 being understood that everything stated for the surface 
5A and for the element 3 is also valid for the surface 58 
and for the element 4. 
[0012] The intermediate element 5 presents a round­
ed edge 16 and comprises on the face 5A, starting from 

25 its periphery and progressing towards its interior, a pair 
of spaced-apart parallel annular shoulders 17 and 18 
defining the aforesaid recess 11, an annular step 19 and 
a plurality of parallel ribs 20, circumscribed by the step 
19 and defining channels 21 closed at one end 21A by 

30 the step 19 and open at their other end 21 B where they 
communicate with a conduit 23 leaving the element 5 
via a stem 24 projecting from the edge 16 of said ele­
ment. 
[0013] The step 19 and the parallel ribs 20 have a 

35 height less than the shoulders 17 and 18. Between the 
step 19 and the shoulder 18 a cavity 26 is present com­
municating with an entry conduit 27 which penetrates 
into the element 5 (via the shoulders 17 and 18) by pass­
ing through a stem 29 projecting from the edge 16. Pref-

40 erably the stem 29 is coaxial with the stem 24, they both 
lying along a central axis A of the element 5. 
[0014] The step 19 and the ribs 20 can be formed di­
rectly in one piece with the element 5 or can be formed 
on a separate piece inserted within the shoulders 17 and 

45 18 of the element 5 in such a manner as to rest along 
the shoulder 18 in correspondence with two of its side 
portions, but spaced from said shoulder 18 so as to de­
fine the cavity 26. 
[0015] As stated, the free ends of the step 19 and of 

50 the ribs20 lie at least in a plane distant from that in which 
the ends of the shoulders 17and18 lie. Within this space 
a hydrophilic filter membrane 30 is positioned to rest 
against the shoulder 18 but not to cover the cavity 26. 
In th is respect, in correspondence with this latter, during 

55 filter assembly the hydrophilic membrane 30 is main­
tained distant from the shoulder 18 by cusp-shaped pro­
jections 33 jutting from this shoulder in correspondence 
with a transverse part 19A of the step 19 perpendicular 

2 
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to said axis A. The membrane is finally rested on the 
ends of the ribs 20 and is finally fixed to the transverse 
part 19A and to the step 1 O in known manner, for exam­
ple by hot bonding. 
[0016] When the intermediate element 5 is completed 
(i.e. also provided with the membranes 30), cavities 37 
communicating with the aforesaid cavities 26 are 
present between its faces 5A and 5B and the adjacent 
faces 68 and 7B of the outer elements 3 and 4. 
[0017] Each outer element 3, 4 (also having a round­
ed edge 9 such as that of the element 5) comprises at 
least two through apertures 40 and 41 each provided in 
proximity to sides 42 and 43 of said element which are 
perpendicular to the axis A. A hydrophobic membrane 
44 of known type is positioned in correspondence with 
each of these apertures. 
[0018] In particular, in Figures 1-4 each outer element 
3, 4 comprises four apertures 40 and four adjacent ap­
ertures 41 . However then umber of these apertures can 
also be different: for example. in Figure 6, in correspond­
ence with the sides 42 and 43 of the elements 3 and 4 
a single aperture 40 and 41 is present having an evi­
dently large transverse length. A single aperture 40 and 
41 is also present in Figure 7, in proximity to said sides; 
however each of these apertures is connected to a large 
underlying recess 45 (rectangular in this example) pro­
vided within the interior face 6B of the portion 6 of the 
element 3 in correspondence with which a hydrophobic 
membrane 44 is present. In contrast, in Figure 9 in cor­
respondence with each side 42 and 43 (only the side 42 
is shown) a pair of apertures 40 and 41 are present, con­
nected to an underlying recess 47 of larger dimensions 
provided within the face 6B of the portion 6; a step 48 is 
present between the aperture 40 (or 41) and the under­
lying recess 47, the hydrophobic membrane 44 being 
positioned in correspondence with this recess. In Figure 
11, within the face 6B of the portion 6 of the element 3, 
in correspondence with each side 42 and 43, a substan­
tially rectangular recess 50 is present, connected to two 
conduits 51 opening into the face 6A via corresponding 
apertures 40 (and 41). Finally in Figure 13, in the face 
6B of the portion 6 (in proximity to the sides 42 and 43) 
a circular recess 53 is provided connected to the aper­
tures 40 (or 41) via channels 54 with their axis inclined 
to the plane of the face 6A in which the apertures 40 (or 
41) are located. 
[0019] It should be noted that each membrane is pref­
erably and advantageously associated with the relative 
aperture 40 or 41 or with the recess 45, 47, 50, 53 by 
being fixed to the face 6B of the part 3, rather than by 
being inserted into the respective hole or recess. This 
enables a filtering surface to be obtained which is larger 
than that obtained if the membrane were inserted into 
the corresponding hole or recess in that, in this latter 
case, a part of the useful volume of the membrane would 
be occupied by the bond between the membrane and 
the wall of the corresponding hole or recess. 
[0020] The hydrophobic surfaces defined by the 

membrane44can be all connected together by a closed 
line 70, shown dashed in Figure 4 and full in Figure 5. 
Preferably, this line is the shortest which ideally con­
nects together all the said surfaces of the membranes 

5 44, i.e. it is defined by rectilinear portions in the example 
of the figures. According to the invention, this closed line 
defines a surface S1 within which the projection of the 
useful hydrophilic surface S2 of the underlying mem­
brane 30 substantially falls, the "useful" surface mean-

10 ing the effectively filtering surface of the membrane 30. 
The surface 81 is that enclosed by the line 70, the sur­
face S2 being the hatched surface in Figures 4 and 5. 
[0021] By virtue of this characteristic, after a usual line 
priming phase, proper filter effectiveness is achieved 

15 whatever its position in space during its use (vertical to, 
inclined to or parallel to an underlying plane). This is be­
cause the fluid entering the filter 1 is able to completely 
occupy the cavity 37 by expelling the air present therein 
and filtering through substantially the entire useful sur-

20 face of the membrane (in the aforestated sense). In this 
manner, the filter is completely operative, and effective 
in filtering the entering fluid, in that substantially the en­
tire useful surface of the hydrophilic membrane 30 (at 
most except for a peripheral portion} participates in the 

25 filtering. In addition, the channels 21 are completely 
filled by the fluid which filters through the membrane 30 
such that from one end 21 A (that facing the entry conduit 
27) to their other end 21 B (that communicating with the 
exit conduit 23) they contain no residual air bubbles, with 

30 obvious positive implications for the fluid feed to the us­
er. 
[0022] It should be noted thatat most, under utilization 
conditions, a possible minimum part of the useful sur­
face S2 of the projection of the hydrophilic membrane 

35 30 can lie outside the surface S1, provided that the ge­
ometry of the seat in which the membrane 30 is posi­
tioned enables the surface tension effect of the filtered 
fluid to be utilized, this effect occurring if the distance 
between the membrane 30 and the face 68 of the por-

40 tion 6 (i.e. the depth of the cavity 37 measured perpen­
dicular to the axis A) lies between 0.1 mm and 3 mm, 
preferably between 0.5 and 2 mm and advantageously 
between 0.5 mm and 1.5 mm. Under these conditions, 
the possible minimum (peripheral) surface part of the 

45 membrane 30, the projection of which does not fall with­
in the surface S 1, becomes in any event a fluid passage 
by capillary effect, with consequent complete use of the 
capacity of said membrane (i.e. the hydrophilic filtering 
surface of the membrane 30 is always 100% of its area). 

50 [0023] By virtue of the invention, the described and 
claimed filter presents high functional capacity, exceed­
ing that of known filters. This is because of the arrange­
ment of the apertures 40 and 41 provided with the hy­
drophobic membranes 44, by virtue of which a high func-

55 tional capacity of the filtering surface is obtained; this is 
also due to the fact that these apertures cooperate di­
rectly (as in Figures 1-6) or indirectly (as in Figures 7-14) 
with membranes 44 of considerable area (even greater 
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than that of said apertures, as in Figures 7-14), which 
ensure a high air flow from the casing 2 of the filter 1. 
[0024] Other embodiments are evidently possible 
within the light of the present description, provided they 
remain within the scope of the accompanying claims. 
For example, each membrane 30 can be of any form, 
including complex (as can the arrangement of the un­
derlying channels 21), the filter operating effectively pro­
vided the apertures present within the outer element 3 
or 4 which face said membrane are such as to define, 
by means of the closed line which joins them together, 
the surface 81 with the aforedescribed characteristics. 
In the limit, a single aperture of large dimensions can be 
present in said element. 
[0025] Another embodiment of the invention is shown 
in Figures 15 and 16 in which parts corresponding to 
those of the already described figures are indicated by 
the same reference numerals. In the figures under ex­
amination, the filter presents the apertures 40 and 41 
connected to differently shaped recesses: the apertures 
40 are associated with a recess 50 in accordance with 
the embodiment of Figure 11, while the aperture 41 is 
associated with a recess 45 in accordance with the em­
bodiment of Figure 7. 
[0026] The embodiment under examination also 
presents other differences with those already described; 
for example, in correspondence with the shoulder 17 
and around the stems 24 and 29, the element 5 presents 
circular rims 93 spaced from the corresponding stems 
and defining therewith recesses 94 for accepting the 
end of a corresponding contact or tube connected to a 
vessel of liquid (for example physiological liquid), in the 
case of the stem 29, or connected to the patient in the 
case of the stem 24. The rim 93 is essentially a prolon­
gation of the shoulder 17. 
[0027] The shoulder 18 is originally formed of tapered 
shape (triangular in cross-section) such that when in­
serted into a recess 1 OA adjacent to the shoulder 10 and 
provided in each face 68, 78 of the elements 3 and 4 
towards the interior of the filter, it can be fused into this 
recess during for example the hot bonding, so securely 
joining the element 5 to the adjacent elements 3 and 4. 
[0028] Finally, the apertures 40 and 41 are connected 
to recesses 97 formed in the external face 6A, 7A of the 
flat portions 6 and 7 to facilitate the escape of air from 
these apertures. These recesses lie parallel to the (lon­
gitudinal) axis A of the filter. 
[0029] Said apertures, and those of the filter repre­
sented in the previously described figures, can be 
closed by suitable plugs (not shown) which can be main­
tained connected to the filter casing 2 (for example by 
a filiform connection element, for example of plastic ma­
terial) or can be of the type completely separable from 
the filter. The purpose of these plugs is to prevent air 
being drawn from the outside into the filter interior when 
one of the tubes connected to the filter (in particular, that 
connected to a vessel of liquid) is subjected to vacuum 
caused for example by a syringe. 
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[0030] Embodiments in which the membrane element 
5 presents two opposing surfaces 5A and 58 provided 
with channels 21 have been described and shown in the 
figures. However the scope of the present invention also 
comprises a filter in which this element 5 presents a sin-
gle face (for example, 5A) provided with channels, 
whereas the other (the face 58) is completely flat. In this 
case, the outer element 4 is not present and the face 58 
of the element 5 closes the filter on the side opposite 
that on which the element 3 is present. 

Claims 

1. A filter (1) for filtering a fluid directed towards a pa-
tient, comprising a box casing (2) in which at least 
one cavity (37) is present defined by an outer ele-
ment (3, 4) of said casing (2) and an inner surface 
(5A, 58) presenting a plurality of channels (21) on 
which a corresponding hydrophilic filtering mem-
brane (30) lies, said cavity (37) communicating with 
a conduit (27) for entry of the fluid into the filter (1) 
and said channels (21) being connected to a con-
duit (23) for exit of said fluid from the filter (1 ), in 
said element (3, 4) of the box casing (2) there being 
provided spaced-apart through apertures (40, 41) 
close to its opposing ends (42, 43) and with which 
hydrophobic membranes (44) are associated, char-
acterised in that a surface (S1) bounded by an ide-
al closed line (70), which totally comprises all the 
hydrophobic membranes (44), contains substan-
tially within its interior the projection thereon of the 
useful hydrophilic surface (82) of the hydrophilic fil-
tering membrane (30), this enabling the filter (1) to 
be employed in a plurality of spatial positions during 
its use. 

2. A filter as claimed in claim 1, characterised in that 
the closed line bounding the surface (81) compris-
ing the hydrophobic membranes (44) is the shortest 
line which joins these latter together. 

3. A filter as claimed in claim 1, characterised in that 
the distance between said element (3, 4) of the box 
casing (2) and the hydrophilic filtering membrane 
(30) lies between 0.1 mm and 3 mm, preferably be-
tween 0.5 mm and 2 mm. 

4. A filter as claimed in claim 3, characterised in that 
the distance between said element (3, 4) of the box 
casing (2) and the hydrophilic filtering membrane 
(30) lies between 0.5 mm and 1.5 mm. 

5. A filter as claimed in claim 1, characterised in that 
the through apertures (40, 41) have a size identical 
to that of the membranes (44) associated with them. 

6. A filter as claimed in claim 1, characterised in that 
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the through apertures (40, 41) have a size less than 
that of the membranes (44) associated with them. 

7. A filter as claimed in claim 6, characterised in that 
each membrane (44) is associated with a recess 
(45, 47, 50, 53) provided within a face (68, 78) of 
the element (3, 4) of the box casing (2) facing the 
hydrophilic membrane (30), with said recess (45, 
47, 50, 53) there being associated at least one ap­
erture (40, 41) opening into the opposing face (6A, 
7A) of said element (3, 4), between said aperture 
and said recess there being present at least one 
step (48) so that the aperture has a size less than 
that of the recess. 

8. A filter as claimed in claim 7, characterised in that 
the recess is of polygonal shape. 

9. A filter as claimed in claim 7, characterised in that 
the recess is of circular shape. 

10. A filter as claimed in claim 1, characterised in that 
each hydrophobic membrane (44) has a surface 
greater than that of the aperture (40, 41) with which 
it is associated. 

11. A filter as claimed in claim 10, characterised in 
that the hydrophobic membrane is fixed to that face 
(6B, 78) of the element (3, 4) of the box casing (2) 
facing the hydrophilic membrane (30), in corre­
spondence with the relative aperture (40, 41). 

12. A filter as claimed in claim 1, characterised in that 
the channels (21) of the inner surface (5A, 58) 
present a closed end (21 A) facing and close to the 
entry conduit (27), and the other end (21 B) connect­
ed to the exit conduit (23). 

13. A filter as claimed in claim 12, characterised in 
that the closed end (21 A) of said channels (21) is 
closed by an annular element (19) which surrounds 
said channels (21 ). 

14. A filter as claimed in claim 1, characterised in that 
the entry conduit (27) and exit conduit (23) are pro­
vided within an element (5) of the box casing (2) 
presenting the surface (5A, 58) with the channels 
(21) and connected to the outer element (3, 4) of 
said casing (2). 

15. A filter as claimed in claim 14, characterised in 
that the entry conduit (27) and exit conduit (23) are 
provided within stems (29, 24) projecting from the 
box casing element (5) provided with channels (21 ). 

16. A filter as claimed in claim 15, characterised in 
that around each stem (24, 29) an annular rim (93) 
is present defining with the corresponding stem (24, 

29) a recess (94) for receiving the end of a corre­
sponding conduit connected to the filter. 

17. A filter as claimed in claim 14, characterised in 
5 that the element (5) with the surface (5A) provided 

with channels (21) presents a second surface (58), 
opposing the surface (5A) with channels, but not 
provided with these latter. 

10 18. A filter as claimed in claim 14, characterised in 
that the element (5) with the surface (5A) provided 
with channels (21) presents a second surface (58), 
opposing the surface (5A) with channels (21) and 
shaped as this latter, to the front of said second sur-

15 face (58), also provided with channels (21) on 
which a hydrophilic membrane (30) is superposed, 
there being positioned a second outer element (4) 
of the box casing (2) provided with apertures (40, 
41) with which hydrophobic membranes (44) are as-

20 sociated, between said second outer element (4) 
and the element (5) with the surfaces (5A., 5B) pro­
vided with channels (21) there being present a cav­
ity (37) connected to the entry conduit (27), said el­
ement (5) with the surfaces (5A, 58) provided with 

25 channels (21) being intermediate between the outer 
elements (3, 4) of the box casing (2). 

19. A filter as claimed in claim 1, characterised in that 
the apertures (40, 41) are connected to recesses 

30 (97) provided in a free face (6A, 68) of the corre­
sponding outer element (3, 4). 

20. A filter as claimed in claim 19, characterised in 
that the recesses (97) lie parallel to the longitudinal 

35 axis (A) of the filter. 

40 

21. A filter as claimed in claim 1, characterised in that 
the apertures (40, 41) cooperate with removable 
shut-off members. 

22. A filter as claimed in claim 21, characterised in 
thattheshut-off members are connected to the filter 
casing (2). 

45 23. A filter as claimed in claim 22, characterised in 
that the shut-off members are completely separa­
ble from the filter casing (2). 

50 
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SHIELDING ASSEMBLIES FOR INFUSION SYSTEMS 

RELATED APPLICATIONS 

The present application claims priority to the following U.S. patent 

5 applications: U.S. Patent Application No. 12/137,356, filed June 11, 2008; U.S. Patent 

Application No. 12/137,363, filed June 11, 2008; U.S. Patent Application No. 

12/137,364, filed June 11, 2008; and U.S. Patent Application No. 12/137,377, filed 

June 11, 2008. 

10 TECHNICAL FIELD 

The present invention pertains to systems that generate and infuse 

radiopharmaceuticals, and, more particularly, to shielding assemblies thereof. 

BACKGROUND 

15 Nuclear medicine employs radioactive material for therapy and diagnostic 

imaging. Positron emission tomography (PET) is one type of diagnostic imaging, 

which utilizes doses of radiopharmaceutical, for example, generated by elution within 

a radioisotope generator that are injected, or infused into a patient. The infused dose 

of radiopharmaceutical is absorbed by cells of a target organ, of the patient, and emits 

20 radiation, which is detected by a PET scanner, in order to generate an image of the 

organ. An example of a radioactive isotope, which may be used for PET, is Rubidium-

82 (produced by the decay of Strontium-82); and an example of a radioisotope 

generator, which yields a saline solution of Rubidium-82, via elution, is the 

CardioGen-82® available from Bracco Diagnostics Inc. (Princeton, NJ). 

25 Whether the half-life of a particular radioactive isotope, employed by a 

radiopharmaceutical, is relatively short or long, a patient undergoing a nuclear imaging 

procedure is not typically exposed to a significant amount of radiation. However those 

personnel, whose job it is to set up and maintain radiopharmaceutical infusion systems, 

and to administer doses therefrom, are subject to more frequent exposures to radiation. 

30 Therefore, shielding assemblies, which provide a radiation barrier to protect these 

personnel from excessive exposure to radiation sources, are an important component 

of radiopharmaceutical generators and infusion systems. These shielding assemblies 

are typically formed with lead sidewalls, the bulk and weight of which can pose 

- 1 -
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difficulties for the personnel who regularly set up, maintain and use the systems. 

Thus, there is a need for improved shielding assemblies employed by systems that 

generate and infuse radiopharmaceuticals. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings are illustrative of particular embodiments of the 

present invention and therefore do not limit the scope of the invention. The drawings 

are not to scale (unless so stated) and are intended for use in conjunction with the 

explanations in the following detailed description. Embodiments of the present 

10 invention will hereinafter be described in conjunction with the appended drawings, 

wherein like numerals denote like elements. 

Figure IA is a first perspective view of an infusion system, according to some 

embodiments of the present invention. 

Figure IB is another perspective view of a portion of a cabinet structure of the 

I5 system shown in Figure IA, according to some embodiments. 

Figure IC is a second perspective view of the system shown in Figure IA, 

according to some embodiments. 

Figure ID is a schematic of an infusion circuit, according to some 

embodiments of the present invention. 

20 Figure IE is a perspective view of exemplary sample vial shielding that may be 

employed in conjunction with the infusion system of Figure IA. 

Figure 2A is a perspective view of a shielding assembly for an infusion system, 

such as that shown in Figures IA-C, according to some embodiments of the present 

invention. 

25 Figure 2B is a perspective view of a framework of the system, according to 

30 

some embodiments, with an enlarged detailed view of a component of the system, 

according to some embodiments. 

Figure 3A is another perspective view of the shielding assembly shown in 

Figure 2A. 

Figure 3B is a perspective view of the infusion circuit, shown in Figure IC, 

configured and routed, according to some embodiments. 

Figure 3C is a perspective view of a disposable infusion circuit subassembly, 

according to some embodiments. 
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Figure 3D is a frame for the subassembly shown in Figure 3C, according to 

some embodiments. 

Figure 4 is a main menu screen shot from an interface of a computer, which 

may be included in systems of the present invention, according to some embodiments. 

5 Figure 5A is a schematic showing a first group of successive screen shots from 

10 

the computer interface, according to some embodiments. 

Figure 5B is a pair of screen shots from the computer interface, which provide 

indications related to eluant volume levels in a reservoir of the system, according to 

some embodiments. 

Figure 5C is a schematic showing a second group of successive screen shots 

from the computer interface, according to some embodiments. 

Figure 6 is a schematic showing a third group of successive screen shots from 

the computer interface, according to some embodiments. 

Figures 7 A-C are schematics showing a fourth group of successive screen shots 

15 from the computer interface, according to some embodiments. 

Figures 8A-B are schematics showing a fifth group of successive screen shots 

from the computer interface, according to some embodiments. 

Figures 9A-C are schematics showing a sixth group of successive screen shots 

from the computer interface, according to some embodiments. 

20 Figure 10 is a schematic showing a seventh group of successive screen shots 

from the computer interface, according to some embodiments. 

Figure 11 is an exemplary report which may be generated by the computer 

included in infusion systems, according to some embodiments. 

Figures 12A-B are schematics of alternative infusion circuits that may be 

25 employed by embodiments of the present invention. 

30 

Figure 12C is a schematic illustrating exemplary activity profiles of injected 

doses of a radiopharmaceutical. 

DETAILED DESCRIPTION 

The following detailed description is exemplary in nature and is not intended to 

limit the scope, applicability, or configuration of the invention in any way. Rather, the 

following description provides practical illustrations for implementing exemplary 
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embodiments. Utilizing the teaching provided herein, those skilled in the art will 

recognize that many of the examples have suitable alternatives that can be utilized. 

Figure IA is a first perspective view of an infusion system 10, according to 

some embodiments of the present invention, wherein system 10 is shown supported by 

5 a cabinet structure, which includes a platform 113 (seen better in Figure 2B) and a 

shell 13; shell 13 extends upward from a skirt 11, that surrounds platform 113, to 

surrounds an interior space in which a portion of infusion system I 0 is contained (­

seen in Figure 1 C). Shell may be formed from panels of injection-molded polyurethane 

fitted together according to methods known to those skilled in the art. Figure 1 A 

10 illustrates the cabinet structure of system 10 including a grip or handle 14, which 

extends laterally from shell 13, in proximity to an upper surface 131 thereof, and a post 

142, which extends upward from shell 13, and to which a work surface, or tray 16 and 

a computer 17 are, preferably, attached, via an ergonomic, positionable mount. 

According to some embodiments, computer 17 is coupled to a controller of system 10, 

15 which is mounted within the interior space surrounded by shell 13; and, a monitor 172 

of computer 17 not only displays indications of system operation for a user of system 

10, but also serves as a device for user input (e.g. touch screen input). However, 

according to alternate embodiments, another type of user input device, known to those 

skilled in the art, may be employed by computer 17. Other types of user input devices 

20 may be included, for example, a keyboard, a series of control buttons or levers, a bar 

code reader (or other reader of encoded information), a scanner, a computer readable 

medium containing pertinent data, etc. The user input device may be mounted on the 

cabinet structure of system 10, as shown, or may be tethered thereto; alternatively the 

user input device may be remote from system 10, for example, located in a separate 

25 control room. According to some additional embodiments, another user input device, 

for example, in addition to a touch screen of computer 17, may be remote from system 

10 and used to start and stop infusions, as well as to monitor system operation both 

during quality control infusions and during patient infusions. Operation of system 10, 

which is facilitated by computer 17, will be described below, in conjunction with 

30 Figures 4-9C. 

Figure IA further illustrates two pairs of wheels 121, 122, mounted to an 

underside of platform 113, to make system 10 mobile; handle 14 is shown located at 

an elevation suitable for a person to grasp in order to maneuver system 10, from one 
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location for another, upon pairs of wheels 121, 122. According to some preferred 

embodiments, one or both pairs of wheels 121, 122, are casters, allowing for rotation 

in a horizontal plane (swivel), in order to provide additional flexibility for 

maneuvering system 10 in relatively tight spaces. 

5 Figure 1 B is a perspective view of a portion of system 10, on a side 111 of the 

cabinet structure, which is in proximity to wheels 121. Figure 18 illustrates a lever or 

pedal 125, which is located for activation by a foot of the person, who grasps handle 

14 to maneuver system 10. In a neutral position, pedal 125 allows wheels 121, 122 to 

rotate, and, if embodied as casters, to swivel freely. Pedal 125 may be depressed to a 

10 first position which prevents a swiveling of wheels 122, according to those 

embodiments in which wheels 122 are casters, and may be further depressed to brake 

wheels 121, 122 from rolling and swiveling, upon reaching a desired location. 

According to some embodiments, braking may be designed to slow system 10, for 

example, when rolling down an incline, and, according to yet further embodiments, 

15 system 10 may include a motor to power movement thereof 

Figure lB further illustrates: a rear access panel 174 of shell 13, for example, 

providing access to circuit boards of the aforementioned controller contained within 

the interior space that is surrounded by shell 13; an optional lock 184, to secure panel 

174; a power jack 118, for connecting system 10 to a power source; and a printer 117 

20 for providing documentation of each patient infusion carried out by system 10, and of 

system quality control test results. In some embodiments, system 10 may further 

include a power strip by which auxiliary equipment may be powered, and one or more 

additional electrical connectors, or ports (not shown), which are supported by 

platform 113 and may be integrated into shell 13, for example, in proximity to jack 

25 118 or printer 117; these electrical connectors/ports allow system 10 to communicate 

with, other devices used for nuclear imaging procedures, for example, a PET 

scanner/camera, and/or for coupling to an intranet network, and/or to the internet, for 

example, to link up with software programs for various types of data analysis, and/or 

to link to computers of consulting clinicians/physicians, and/or to link into service 

30 providers and/or component suppliers data bases for enhanced maintenance and 

inventory management. 

Figure lA further illustrates upper surface 131 of shell 13 including several 

openings 133, 135, 139 formed therein. Figure IC is a partially exploded perspective 
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view of system 10, wherein a removable access panel 132 is shown as a contoured 

portion of upper surface 13 I, which, when exposed, by lifting away a bin I 8, that 

mates therewith, may be removed from another opening 137 formed in upper surface 

I 3 I. Figure IC also provides a better view of another panel I 34 which may be lifted 

5 away from opening 139. According to the illustrated embodiment, openings 139 and 

I 3 7 provide a user of system I 0 with independent access to separate portions of 

infusion system 10, which are contained within shell 13, for example, to set up and 

maintain system IO; and openings 133 and 135 provide passageways for tubing lines to 

pass through shell 13. Figure IC further illustrates an optional switch I02, which in 

10 case of an emergency, may be activated to abort function of system 10. With reference 

to Figures IA and IC, it may be appreciated that an arrangement of features formed in 

upper surface I3 l of shell 13, in conjunction with bin I8, tray 16 and computer 17, 

provide a relatively ergonomic and organized work area for technical personnel who 

operate system I 0. 

I5 Turning now to Figure ID, a schematic of an infusion circuit 300, which may 

be incorporated by system 10, is shown. Figure ID illustrates circuit 300 generally 

divided into a first part 300A, which includes components mounted outside shell 13, 

and a second part 300B, which includes components mounted within the interior space 

surrounded by shell 13. (Parts 300A and 300B are delineated by dotted lines in Figure 

20 ID.) Figure ID further illustrates second part 300B of circuit 300 including a portion 

contained within a shielding assembly 200, which is designated schematically as a 

dashed line. Some embodiments of shielding assembly 200 will be described in 

greater detail, in conjunction with Figures 2A-B and 3A-B, below. 

According to the illustrated embodiment, circuit 300 includes: an eluant 

25 reservoir I5, for example, a bag, bottle or other container, containing saline as the 

eluant, which is shown hanging from a post, or hanger I 4 I above upper surface I 3 I of 

shell 13 in Figure IA; a syringe pump 33, for pumping the eluant from reservoir I5, 

and a pressure syringe 34 (or other device or sensor), for monitoring pumping 

pressure; a filter 37, which may also serve as a bubble trap, for the pumped eluant; a 

30 radioisotope generator 2 I, through which the filtered eluant is pumped to create a 

radioactive eluate, for example an eluate carrying Rubidium-82 that is generated by the 

decay of Strontium-82, via elution, within a column of generator 2 I; and an activity 

detector 25, for measuring the activity of the eluate discharged from generator 2 I, in 
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order to provide feedback for directing the flow of the eluate, via a divergence valve 

35WP, either to a waste bottle 23 or through a patient line 305p, for example, to inject 

a dose of the radiopharmaceutical eluate into a patient. With reference back to Figure 

IA, patient line 305p is shown extending out from shell 13, through opening 135, to a 

5 distal end thereof, which, according to some embodiments, includes a filter. Patient 

line 305p may be coupled to another line that includes a patient injection needle (not 

shuwn). Alternatively, patient line 305p may be coupled to another line (not shown), 

which extends from a source of another active substance, for example, a stress agent; 

the other line is coupled to the line that includes the patient injection needle, in order to 

IO permit injection of the additional active substance. 

Figure ID illustrates an eluant tubing line 30I coupled to reservoir I5 and to 

pump 33, and, with reference to Figures IA-B, it may be appreciated that opening 133 

provides the passageway for tubing line 30 I to enter the interior space surrounded by 

shell I3. According to some preferred embodiments, opening I33 includes a 

I5 grommet-type seal that prevents leakage of eluant, which may spill from reservoir I5, 

into the interior space through opening 133, while allowing a user to assemble tubing 

line 30I through opening 133. Likewise opening 135, which provides a passageway 

for patient line 305p, may include a grommet-type seal. According to some 

embodiments, shell I3 further supports holders to safely hold, for example, during 

20 transport of system I 0, portions of tubing lines that extend outward therefrom, for 

example, line 30I and/or line 305p. 

Figure ID further illustrates another eluant tubing line 302 coupled to pump 33 

and a divergence valve 35BG, which may either direct pumped eluant through a 

tubing line 304, to generator 2 I, or direct the pumped eluant through a by-pass tubing 

25 line 303, directly to patient line 305p. Divergence valve 35BG, as well as divergence 

valve 35WP, which directs eluate from an eluate tubing line 305 either to a waste line 

305w or to patient line 305p, may each be automatically operated by a corresponding 

servomotor (not shown), coupled to the controller (not shown) of system 10, which 

controller receives feedback from activity detector 25. When system I 0 is operating 

30 for automatic infusion, to deliver a dose of radiopharmaceutical to a patient, for 

example, Rubidium-82 for diagnostic imaging, divergence valve 35BG is initially set 

to direct eluant to generator 2I and divergence valve 35WP is set to direct eluate from 

generator into waste bottle 23, until activity detector 25 detects the desired activity of 
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the eluate, at which time the feedback from activity detector 25 causes the controller to 

direct the corresponding servo-motor to re-set valve 35WP for diverting the flow of 

eluate into patient line 305p. According to some embodiments, once a prescribed 

volume of the eluate has passed through patient line 305p, the controller directs the 

5 corresponding servomotor to re-set divergence valve 35BG for diverting the flow of 

eluant through by-pass line 303 and into patient line 305p in order to flush, or push any 

eluate remaining in patient line 305p into the patient. According to some 

embodiments, the controller may also direct the corresponding servomotor to re-set 

divergence valve 35WP back toward waste bottle 23, prior to the flush through by-pass 

10 line 303, in order to prevent back flow of eluant, through line 305, toward generator 

21. According to some preferred methods of operation, in certain situations, which 

will be described in greater detail below, eluant is pumped through by-pass line 303 

immediately following the flow of the prescribed volume of eluate into patient line 

305p, at a higher speed, in order to push the eluate in patient line 305, thereby 

15 increasing a flow rate of the injection of eluate out from patient line 305p and into 

patient. For example, once the prescribed volume of eluate has flowed into patient line 

305p, and once divergence valve 35BG is set to divert flow through by-pass line 303, 

the speed of pump 33 may be adjusted to increase the flow rate of eluant to between 

approximately 70mL/min and approximately 1 OOmL/min. This method for increasing 

20 the injection flow rate, is desirable, if a relatively high flow rate is desired for patient 

injection and a flow rate through generator 21 is limited, for example, to below 

approximately 70mL/min, maximum (typical flow rate may be approximately 

50mL/min), in order to avoid an excessive back pressure created by the column of 

generator 21 in upstream portions of tubing circuit 300; the excessive back pressure 

25 could damage filter 37 or otherwise impede flow through eluant tubing line 302. 

Although not shown in Figure ID, a number of sensors, for example, to 

measure pressure and/or flow velocity, may be incorporated into circuit 300, according 

to some alternate embodiments, in order to monitor for flow anomalies, for example, 

related to occlusions/plugs in circuit 300 and/or leaks, and/or to provide feedback for 

30 control of an activity level of infused doses of radiopharmaceutical. Suitable sensors 

for any of the above purposes are known to those skilled in the art. Examples of flow 

meters that may be incorporated into circuit 300, include the Innova-Sonic® Model 

205 Transit-Time Ultrasonic Liquid Flow Meter that employs digital signal processing 

- 8 -

976 of 2568



WO 2009/152320 PCT/US2009/04 7027 

(available from Sierra Instruments, Inc.) and the Flocat LAlO-C differential pressure 

flow meter. One example of a pressure sensor that may be employed to detect 

infusion circuit occlusions is the PRO I Pressure-Occlusion Detector (available from 

INTROTEK® of Edgewood, NY, a subsidiary ofMagnetrol of Downers Grove, IL), 

5 which employs pulse-type ultrasound; this sensor detects subtle changes in positive 

and negative air pressure and produces a corresponding passive resistive output signal, 

which may be routed to the system controller and/or computer 17. On or more of this 

type of sensor may be incorporated into infusion circuit 300 by simply fitting the 

sensor around any of the tubing lines of infusion circuit 300; in fact, the PRO I 

10 Pressure-Occlusion Detector may be a suitable alternative to pressure syringe 34 of 

circuit 300. Other types of pressure sensors, for example, similar to those known in 

the art for blood pressure monitoring, may be employed in infusion circuit 300. 

System 10 may further include sensors to detect fluid levels in eluant reservoir 

15 and waste bottle 23. Some examples of such sensors, which also employ the 

15 aforementioned pulse-type ultrasound, are the Drip Chamber Liquid Level Sensor and 

the CLD I Continuous Level Detector (both available from INTROTEK®); 

alternatively, for example, an HPQ-T pipe mounted, self-contained liquid sensor 

(available from Yamatake Sensing Control, Ltd.), or an SL-630 Non-Invasive 

Disposable/Reusable Level Switch (available from Cosense, Inc. of Hauppauge, NY) 

20 may be employed to detect the fluid levels. Alternately or in addition, system 10 can 

include additional radiation and/or moisture detection sensors, which can detect leaks. 

With reference to Figure lD, such sensors are preferably located in proximity to 

fittings 311, 312, 313, 314 and 315 that join portions of circuit 300 to one another. 

Some examples of leak detection sensors include, without limitation, those in the 

25 HPQ-D leak detection sensor family, and the HPF-D040 fiberoptic leak detector (all 

available from Yamatake Sensing Control, Ltd.). System 10 may further include 

additional sensors to detect contaminants and/or air bubbles within the tubing lines of 

circuit; examples of such sensors include the Point-air Detection (PAD) Sensor, that 

employs pulse-type ultrasound for air bubble detection, and the Blood Component 

30 Detector that employs optical sensing technology to perform Colorimetry-based fluid 

detection of unwanted elements in the tubing lines (both available from 

INTROTEK®). 
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According to those embodiments that include any of the above sensors, the 

sensors are linked into the controller of system 10 and/or computer 17, either of which 

may provide a signal to a user of system 10, when a flow anomaly is detected, and/or 

information to the user, via monitor 172, concerning fluid levels, pressure and/or flow 

5 through circuit 300. Computer 17 may be pre-programmed to display, for example, on 

monitor 172, a graphic of infusion circuit 300 wherein each zone of the circuit, where 

an anomaly has been detected, is highlighted, and/or to provide guidance, to the 

system user, for correcting the anomaly. It should be noted that the alternative 

infusion circuits illustrated in Figures 12A-B, which will be described below, may also 

10 include any or all of these types of sensors. 

With further reference to Figure ID, it may be appreciated that shielding 

assembly 200 encloses those portions of circuit 300 from which radioactive radiation 

may emanate, with the exception of that portion of patient line 305p, which must 

extend out from shielding assembly 200 in order to be coupled to the patient for 

15 injection, or in order to be coupled to shielded sample vials, as will be described 

below. Thus, technical personnel, who operate system 10, are protected from radiation 

by shielding assembly 200, except at those times when an infusion is taking place, or 

when quality control tests require collection of eluate into sample vials. During 

infusions and quality control test sample collection, all technical personnel are 

20 typically in another room, or otherwise distanced from system 10, in order to avoid 

exposure to radiation during the infusion, and, according to some preferred 

embodiments of the present invention, system 10 includes at least one means for 

informing technical personnel that an infusion is about to take place or is taking place. 

With reference back to Figures IA and 1 C, system 10 is shown including a light 

25 projector 100, mounted on post 142. According to the illustrated embodiment, 

projector 100, projects a light signal upward, for maximum visibility, when pump 33 is 

pumping eluant and elution is taking place within generator 21, or at all times when 

pump 33 is pumping eluant. According to some embodiments, the light signal flashes 

on and off when the eluate is being diverted from generator 21 into waste bottle 23, 

30 and the light signal shines steadily when the eluate is being diverted through patient 

line 305p, or visa versa. According to other embodiments, a projector 100 shines a 

light having a first color, to indicate that eluate is being diverted to waste bottle 23, 

and then shines a light having a second, different color, to indicate that eluate is being 
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directed to patient line 305p for infusion. Light projector 100 may further project a 

more rapidly flashing light, for example, for approximately five seconds, once a peak 

bolus of radioactivity is detected in the eluate, to provide further information to 

technical personnel. Alternative means of informing technical personnel that an 

5 infusion is taking place may also be incorporated by system 10, for example, including 

audible alarms or other types of visible or readable signals that are apparent at a 

distance from system, including in the control room. 

It should be noted that, according to alternate embodiments, system 10 includes 

an 'on board' dose calibrator for quality control tests, and circuit 300 is expanded to 

10 include elements for an automated collection of eluate samples for activity 

measurements, via the on board dose calibrator. According to a first set of these 

alternate embodiments, a sample collection reservoir is integrated into circuit 300, 

downstream of divergence valve 35WP and in communication with tubing line 305P, 

in order to receive quality control test samples of eluate, via tubing line 305P, and both 

15 the reservoir and the dose calibrator are located in a separate shielded well. According 

to a second set of these alternate embodiments, waste bottle 23 is configured to receive 

the quality control test samples of eluate, via tubing line 305W, and a dose calibrator is 

integrated into shielding assembly 200. Quality control procedures will be described 

in greater detail below, in conjunction with Figures 6-8B. 

20 When maintenance of system 10 requires the emptying waste bottle 23, 

relatively easy access to waste bottle 23 is provided through opening 139 in top 

surface 131 of shell 13. It should be noted that technical personnel are preferably 

trained to empty waste bottle 23 at times when the eluate, contained in waste bottle 23, 

has decayed sufficiently to ensure that the radioactivity thereof has fallen below a 

25 threshold to be safe. Opening 139 is preferably located at an elevation of between 

approximately 2 feet and approximately 3 feet; for example, opening 139 may be at an 

elevation of approximately 24 inches, with respect to a lower surface of platform 113, 

or at an elevation of approximately 32 inches, with respect to a ground surface upon 

which wheels 121, 122 rest. According to the illustrated embodiment, opening 139 is 

30 accessed by lifting panel 134; just within opening 139, a shielded lid or door 223 

(Figure 2A) may be lifted away from a compartment of shielding assembly 200 that 

contains waste bottle 23. With further reference to Figure IC, it may be appreciated 

that opening 137 provides access to other portions of circuit 300 for additional 
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maintenance procedures, such as changing out generator 2 I and/or other components 

of circuit 300, as will be described below. 

For those embodiments of system I 0 in which automated quality control tests 

are performed and/or when system 10 is employed for relatively high volume 

5 operation, management of waste may become burdensome, even though access to 

waste bottle 23 is greatly facilitated, as described above. Thus, in order to facilitate 

waste management, some embodiments of system 10 may employ a separation system 

to separate salts, including radioactive elements, from water, for example, via 

evaporation or reverse osmosis. In an evaporation type system, the water component 

10 of the waste is evaporated, while in a reverse osmosis type system the water is 

separated from the salts, and, then, once confirmed to be non-radioactive, via a 

radiation detector, is piped to a drain. According to some other embodiments, circuit 

300 may be configured so that the waste may be used to purge air from the tubing lines 

thereof and/or to perform the bypass flush that was described above, preferably after 

I5 the radioactivity of the waste drops below a critical threshold. 

Figures IA and IC further illustrate a pair of relatively shallow external 

recesses 190, which are formed in upper surface 131 of shell 13, for example, in order 

to catch any spills from infusion system; one of recesses I90 is shown located in 

proximity to post, or hanger 141, which holds reservoir 15, and in proximity to 

20 opening 133, through which tubing line 30I passes. Another recess I92 is shown 

formed in upper surface 131; a width and depth of recess 192 may accommodate 

storage of technical documentation associated with infusion system I 0, for example, a 

technical manual and/or maintenance records, or printouts from printer 11 7 (Figure 

IB). With reference to Figure lC, upper surface 13I of shell 13 is shown to also 

25 include additional recesses 101, which are each sized to hold a shielded test vial, 

which contains samples from infusion system 10, for example, for breakthrough 

testing and/or calibration, which will be described in greater detail, below. An 

exemplary test vial shield is shown in Figure lE. The test vial shield of Figure IE is 

preferably formed from Tungsten rather than lead, for example, to reduce exposure to 

30 lead, for improved shielding, and to reduce the weight of the shield. Figure 1 E 

illustrates the test vial shield including a handle to simplify manipulation thereof, but 

alternative configurations of test vial shields have no handle - for these a sling, or 

strap, may be employed for handling. 
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Additional receptacles 180 are shown formed in bin 18, on either side of a 

handle 182, which facilitates removal of bin 18 away from shell 13. Technical 

personnel may, thus, conveniently transport bin 18 to a storage area for a collection of 

supplies, for example, sharps, gloves, tubing lines, etc ... , into one or more receptacles 

5 180 thereof, and/or to a waste container where separate receptacles 180 of bin 18 may 

be emptied of waste, such as packaging for the aforementioned supplies, for example, 

deposited therein during infusion procedures. According to some embodiments, one or 

more additional receptacles are formed in one or more disposal containers, for 

example, to contain sharps and/or radioactive waste (other than that contained in waste 

10 bottle 23), which may be integrated into bin 18, or otherwise fitted into, or attached to 

shell 13, separate from bin 18. 

Figure 2A is a perspective view of shielding assembly 200, according to some 

embodiments of the present invention. With reference to Figures 1 C and 2A, together, 

it may be appreciated that opening 137, in upper surface 131 of shell 13, provides 

15 access to a lid or door 221 of a sidewall 201 of shielding assembly 200, which sidewall 

201 encloses a compartment sized to contain a radioisotope generator of system 10, for 

example, generator 21, previously introduced. It should be noted that, according to 

alternate embodiments, the compartment enclosed by sidewall 20 I is large enough to 

hold more than one generator, for example, to increase system operating efficiency for 

20 relatively high volume operation. In some of these alternate embodiments, tubing 

lines 304 and 305 are each branched for parallel flow through the multiple generators, 

in which case divergence valves may be employed to alternate the flow through the 

generators, one at a time. In others of these alternate embodiments, the multiple 

generators are connected in series between tubing line 304 and tubing line 305. In 

25 addition, a reservoir for accumulating eluate may be included in circuit 300, 

downstream of the generators and upstream of divergence valve 35 WP, in conjunction 

with a second pump, in some cases. Embodiments including multiple generators 

and/or an eluate reservoir and second pump can be employed to better manage an 

activity level of each dose, or patient injection, for example, as described below, in 

30 conjunction with Figures 12A-B. 

According to the embodiment illustrated in Figure 2A, opening 137 and door 

221 are located at a lower elevation, for example, with respect to platform 113, than 

are opening 139 and lid 223, which provide access to the compartment being formed 
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by a sidewall 203 of shielding assembly 200 to contain waste bottle 23, as previously 

described. When panel 132 is separated from shell 13, and door 221 opened, generator 

2 I may be lifted out from an opening 23 I (Figure 3A) which mates with door 22 I of 

sidewall 20 I. A weight of generator 21, which includes its own shielding, may be 

5 between approximately 23 and approximately 25 pounds, thus, according to some 

preferred embodiments of the present invention, the elevation of each of openings I 3 7 

and 23 I, with respect to the lowermost portion of the cabinet structure, is between 

approximately 1 foot and approximately 2 feet, in order to facilitate an ergonomic 

stance for technical personnel to lift generator 2I out from the compartment. 

10 According to an exemplary embodiment, when shielding assembly 200 is contained in 

the cabinet structure of Figure IA, openings 137 and 23I are located at an elevation of 

approximately 12 inches, with respect to the lower surface of platform I 13, or at an 

elevation of approximately I 9 inches, with respect to the ground surface upon which 

wheels I2I, I22 rest. Figure IC further illustrates access panel 132 including a 

I5 .security lock I38, which mates with a framework I9 of system 10, shown in Figure 

28, in order to limit access to generator 21. 

Figures 1 C and 2A further illustrate a lid or a door 225 of another sidewall 205 

(Figure 3A) of shielding assembly 200, which encloses another compartment that is 

accessible through opening 137 of shell 13, and which is located adjacent the 

20 compartment enclosed by sidewall 20 I. Each of doors 22 I, 225 are shown being 

attached by a corresponding hinge H, and another door 227 is shown attached to 

sidewall 203 by another hinge H. Figure 2A illustrates each of lid 223 and doors 22I, 

225, 227 including a handle 232, 212, 252 and 272, respectively, for moving lid 223 

and doors 221, 225, 227, in order to provide access to the corresponding 

25 compartments, which can be seen in Figures 3A-B. Figure 2A further illustrates 

optional thumb screws 290, one securing lid 223 to sidewall 203 and another securing 

door 22 I to sidewall 201, or other means for securing the doors, which are known to 

those skilled in the art, may be incorporated. Each sidewall 20I, 203, 205 and the 

corresponding lid/door 223, 221, 225, 227 thereof may be individually cast from 3% 

30 antimony lead, or from other known shielding materials, and then assembled together 

according to methods known to those skilled in the art. 

According to the illustrated embodiment, doors 22I, 225 are hinged to open in 

an upward direction, per arrows D and C, and, with reference back to Figure IC, a 
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latch component 191 is provided to hold each of doors 221, 225 in an opened position, 

thereby, preventing doors 221, 225 from falling closed, which could pinch/crush 

fingers of technical personnel and/or tubing lines of circuit 300, when in the midst of a 

maintenance procedure. Figure 2B is a perspective view of framework 19 of the 

5 cabinet structure of system 10, according to some embodiments, to which latch 

component 191 is mounted; Figure 2B includes an enlarged detailed view of latch 

component 191, according to some embodiments. Figure 2B illustrates latch 

component 191 including a first pin 193, corresponding to door 225, and a second pin 

195, corresponding to door 221; each pin 193, 195 includes a lever end 193A, 193B, 

10 respectively, and a holding end 193B, 195B, respectively. An edge of each door 221, 

225, upon opening of doors 221, 225, may push past the holding end 195B, 193B of 

the corresponding pin 19 5, 193, in a first direction, per arrow F, and then may rest 

against a respective side S95 and S93 of each end 195B, 193B, until the corresponding 

lever end 195A, 193A is rotated in a counter-clockwise direction, per arrow cc, 

15 thereby moving the corresponding holding end 193B, 195B to make way for the 

closing of doors 221, 225. Doors 221, 225 being held by latch component 191 in an 

open position may be seen in Figure 3A. 

With further reference to Figure 2A, according to some preferred embodiments 

of the present invention, an edge of door 225 overlaps door 221 to prevent door 221 

20 from being opened, per arrow D, if door 225 is not opened, per arrow C; and an edge 

of door 227 overlaps an edge of door 225 to prevent door 225 from being opened if 

door 227 is not opened, per arrow B; and an edge of lid 223 overlaps door 227 to 

prevent door 227 from being opened if lid 223 is not opened, per arrow A. Thus, 

access to the compartment enclosed by sidewall 201 and containing generator 21 is 

25 only systematically allowed through a sequential opening of lid 223 and doors 227, 

225, 221, since, when generator 21 is replaced it is typically desirable to also replace 

those portions of circuit 300 which are shielded behind lid 223 and doors 227, 225. 

The routing of these portions of circuit 300 will be described in conjunction with 

Figures 3A-C. 

30 Figure 3A is another perspective view of shielding assembly 200, according to 

some embodiments of the present invention. In Figure 3A, lid 223 and doors 221, 225, 

and 227 are opened to provide a view into openings 233, 235 and 231 of sidewalls 

203, 205 and 201, respectively, and into a passageway 207, which is formed in 
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sidewall 203, opposite the compartment, which contains waste bottle 23. Passageway 

207 is shown extending vertically along sidewall 203 and having a grooved extension 

213 formed in a perimeter surface of opening 233. An optional retaining member 237, 

for example, formed from an elongate strip of resilient plastic having a generally c-

5 shape cross-section, is shown being mounted along a length of passageway 207 to hold 

lines 305w and 305p in place within passageway 207. Figure 3A further illustrates a 

pair of passageways 251 b and 251 g, which are formed as grooves in a portion of 

sidewall 205, and another pair of passageways 2 l 5i and 2 I 5o, which are formed as 

grooves in a portion of sidewall 20 I. A routing of portions of tubing circuit 300 

10 (Figure ID) through passageways 207, 25Ib, 25lc, 2I5i and 2I5o is shown in Figure 

38. 

Figure 3B illustrates tubing line 304 being routed through passageways 25 Ig 

and 215i, eluate tubing line 305 being routed through passageway 2I5o, and both 

waste line 305w and patient line 305p being routed along passageway 207. Waste line 

I5 305w further extends through grooved extension 213 to waste bottle 23, and patient 

line 305p further extends outward from shielding assembly 200, for example, to extend 

out through opening 135 in upper surface 13 I of shell 13 (Figure IA). According to 

the illustrated embodiment, each passageway formed in shielding assembly 200, by 

being accessible along a length thereof, can facilitate a relatively easy routing of the 

20 corresponding tubing line therethrough, when the corresponding lid/door is open, and a 

depth of each passageway prevents pinching and/or crushing of the corresponding 

tubing line routed therethrough, when the corresponding lid/ door is closed down 

thereover. With further reference to Figures 3A-B, it may be appreciated that the 

compartment formed by sidewall 20 I may have a shape matching an exterior contour 

25 of generator 2 I, such that generator 2 I is 'keyed' to the compartment, for example, to 

prevent installation of an improper generator into system I 0, and/or to facilitate the 

proper orientation of generator 21 within the compartment for the proper routing of 

tubing lines. Alternately, or in addition, according to alternate embodiments, if system 

I 0 includes a reader of encoded information in communication with computer 17, an 

30 unique identification and/or data associated with each generator may be provided, for 

example, in a bar code label or a radio frequency identification (RFID) tag that is 

attached to each generator, so that the reader may transfer the information to computer 

17, when a generator is installed, in order to either enable system operation or to 
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provide an indication to the user that an incorrect generator has been installed. Of 

course a user of system 10 may, alternately, manually enter information, that is 

provided on a generator label or marking, into computer 17, in order to either enable 

system 10, or to receive feedback from computer 17 that the incorrect generator is 

5 installed. 

Figure 3A further illustrates sidewall 205 including a valve actuator receptacle 

253, into which divergence valve 35WP is mounted, to be controlled by one of the 

servomotors (not shown) of system 10, and an opening 325 for activity detector 25. 

Activity detector 25 is mounted in a shielded well 255 that extends downward from 

10 opening 325 (shown in Figure 3B), and, with reference to Figure 3B, tubing line 305 

passes over opening 325 so that detector 25 can detect an activity of the eluate, which 

passes therethrough. According to some embodiments, the positioning, within the 

compartment enclosed by sidewall 205, of the components of the portion of infusion 

circuit 300 which are shown routed therein, is facilitated by providing the components 

15 mounted in a frame 39 as a disposable subassembly 390, an embodiment of which is 

illustrated by Figures 3C-D. 

Figure 3C is a perspective view of subassembly 390, and Figure 30 is a 

perspective view of frame 39. According to the embodiment illustrated by Figure 30, 

frame 39 is formed from mating trays 39A, 39B, for example, formed from a 

20 thermoformed plastic, which fit together to capture, therebetween, and hold, in fixed 

relation to a perimeter edge of frame 39, divergence valve 35WP and portions of 

eluant tubing line 304, by-pass tubing line 303, eluate tubing line 305, waste line 305w 

and patient line 305p. Figure 3C illustrates the perimeter edge divided into a first side 

391, a second side 392, opposite first side 391, a third side 393, extending between 

25 first and second sides 391, 392, and a fourth side 394, opposite third side 393. 

Although Figure 30 shows trays 39A, 39B individually formed for fitting together, 

according to alternate embodiments, mating trays of frame 39 may be parts of a 

continuous sheet of plastic folded over on itself. 

According to the illustrated embodiment, an end 404A, of eluant line 304, and 

30 an end 403, of by-pass line 303 extend from third side 393 of frame 39 to couple with 

divergence valve 35BG and an upstream section of eluant tubing line 302. Figure 3C 

further illustrates an opposite end 404B of eluant line extending from first side 391 of 

frame 39, alongside a similarly extending end 405 of eluate line 305, and ends 406 and 
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407 of patient line 305p and waste line 305w, respectively, extending from second side 

392 of frame 39. Although ends 406, 407 are shown extending upward from tray 39a, 

as they would within shielding assembly 200, it should be appreciated that the tubing 

lines of circuit 300 are preferably flexible and would drop down under their own 

5 weight rather than extending upward, as shown, if not supported. Referring back to 

Figure ID, in conjunction with Figure 3C, it can be seen that the aforementioned 

fittings are provided for coupling subassembly 390 into circuit 300: first fitting 311 

couples the section of eluant line 302 to filter 37; second fitting 312 couples eluant line 

304 to an inlet port of generator 21; third fitting 313, which may incorporate a check 

10 valve, couples eluate line 305 to an outlet port of generator 21; fourth fitting 314 

couples waste line 305w to waste bottle 23; and fifth fitting 315 couples patient line 

305p to an extension thereof, which extends outside shell 13 (designated by the dotted 

line). Each of the fittings 311, 312, 313, 314, 315 may be of the Luer type, may be a 

type suitable for relatively high pressure applications, or may be any other suitable 

15 type that is known to those skilled in the art. 

As previously mentioned, when generator 21 is replaced, it is typically 

desirable to also replace those portions of circuit 300 which are shielded behind lid 

223 and doors 227, 225, and, in those instances wherein system 10 is moved to a new 

site each day, these portions may be replaced daily. Thus, according to the illustrated 

20 embodiment, these portions are conveniently held together by frame 39, as 

subassembly 390, in order to facilitate relatively speedy removal and replacement, 

while assuring a proper assembly orientation, via registration with features formed in 

sidewall 205 (Figure 3A), for example: registration of divergence valve 35WP with 

valve actuator receptacle 253, registration of tubing line ends 403 and 404A with 

25 passageways 251 b and 251 g, respectively, registration of tubing line ends 4048 and 

405 with passageways 215i and 2150, respectively, and registration of tubing line ends 

406 and 407 with passageway 207. 

With further reference to Figure 38, other portions of tubing circuit 300 are 

shown. Figure 38 illustrates eluant tubing line 301 extending from reservoir 15, 

30 outside of shell 13 (Figure IA), to syringe pump 33, which is mounted to an actuating 

platform 433. According to the illustrated embodiment, platform 433 is actuated by 

another servomotor (not shown) of system 10, which is controlled by the controller 

and computer 17 of system 10, to cause a plunger of pump 33 to move, per arrow I, so 
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as to draw in eluant, from reservoir 15, through tubing line 301, and then to cause the 

plunger to move in the opposite direction so as to pump the eluant, through tubing line 

302, to either generator 21 or to by-pass line 303. Although the illustrated 

embodiment includes syringe pump 33, other suitable pumps, known to those skilled 

5 in the art, may be substituted for pump 33, in order to draw eluant from reservoir 15 

and to pump the eluant throughout circuit 300. Although not shown, it should be 

appreciated that divergence valve 35BG is fitted into another valve actuating 

receptacle mounted within shell 13 and coupled to yet another servomotor (not shown) 

of system 10. 

10 Figure 3B further illustrates a filter holder 317 that is mounted alongside an 

interior surface of shell 13 to hold filter 3 7 (Figure ID) of tubing line 302. Filter 

holder 3 I 7, like frame 39 for subassembly 390, may be formed from a thermoformed 

plastic sheet; holder 3I 7 may have a clam-shell structure to enclose filter 37 in an 

interior space, yet allow tubing line 302, on either side of filter 37, to extend out from 

I5 the interior space, in between opposing sides of the clam-shell structure. Holder 3I 7 is 

shown including an appendage 307 for hanging holder 3 I 7 from a structure (not 

shown) inside shell I3. 

Turning now to Figures 4-9C details concerning computer-facilitated operation 

of system I 0 will be described, according to some embodiments of the present 

20 invention. As previously mentioned, and with reference back to Figure IA, computer 

I 7 of system I 0 includes monitor I 72, which, preferably, not only displays indications 

of system operation to inform a user of system I 0, but is also configured as a touch 

screen to receive input from the user. It should be understood that computer I 7 is 

coupled to the controller of system 10, which may be mounted within the interior 

25 space surrounded by shell 13. Although Figure IA shows computer 17 mounted to 

post 142 of system I 0, for direct hardwiring to the controller of system 10, according 

to some alternate embodiments, computer I 7 is coupled to the controller via a flexible 

lead that allows computer I 7 to be positioned somewhat remotely from those portions 

of system IO, from which radioactive radiation may emanate; or, according to some 

30 other embodiments, computer I 7 is wirelessly coupled, for example, via two-way 

telemetry, to the controller of system 10, for even greater flexibility in positioning 

computer 17, so that the operation of system I 0 may be monitored and controlled 

remotely, away from radioactive radiation. 
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According to some preferred embodiments, computer 17 is pre-programmed to 

guide the user, via monitor 172, through procedures necessary to maintain system 10, 

to perform quality control tests on system 10, and to operate system 10 for patient 

infusions, as well as to interact with the user, via the touch-screen capability of 

5 monitor 172, according to preferred embodiments, in order to track volumes of eluant 

and eluate contained within system 10, to track a time from completion of each elution 

performed by system 10, to calculate one or more system parameters for the quality 

control tests, and to perform various data operations. Computer 17 may also be pre­

programmed to interact with the controller of system 10 in order to keep a running 

10 tally or count of elutions per unit time, for a given generator employed by the system, 

and may further categorize each of the counted elutions, for example, as being 

generated either as a sample, for quality control testing, or as a dose, for patient 

injection. The elution count and categorization, along with measurements made on 

each sample or dose, for example, activity level, volume, flow rate, etc ... , may be 

15 maintained in a stored record on computer 17. All or a portion of this stored 

information can be compiled in a report, to be printed locally, and/or to be 

electronically transferred to a remote location, for example, via an internet connection 

to technical support personnel, suppliers, service providers, etc ... , as previously 

described. Computer 17 may further interact with the user and/or a reader of encoded 

20 information, for example, a bar code reader or a radiofrequency identification (RFID) 

tag reader, to store and organize product information collected from a product 

labels/tags, thereby facilitating inventory control, and/or confirming that the proper 

components, for example, of the tubing circuit, and/or accessories, and/or solutions are 

being used in the system. 

25 It should be understood that screen shots shown in Figures 4-9C are exemplary 

in nature and are presented to provide an outline of some methods of the present 

invention in which computer 17 facilitates the aforementioned procedures, without 

limiting the scope of the invention to any particular computer interface format. 

Computer 17 may also include a pre-programmed user manual, which may be viewed 

30 on monitor 172, either independent of system operation or in conjunction with system 

operation, for example, via pop-up help screens. Although the English language is 

employed in the screen shots of Figures 4-9C, it should be understood that, according 
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to some embodiments, computer 17 is pre-programmed to provide guidance in 

multiple languages. 

Figure 4 is a screen shot of a main menu 470, which is presented by computer 

17 on monitor 172, according to some embodiments. Main menu 470 includes a 

5 listing of each computer-facilitated operation that may be selected by the user, once 

the user has logged on. According to some multi-lingual embodiments, computer 17 

presents a list of languages from which the user may select, prior to presenting main 

menu 470. 

Figure 5A is a schematic showing a series of screen shots which includes a log 

10 in screen 570. According to some embodiments, when the user touch-selects the data 

entry fields of screen 570 or 571, or of any of the other screens presented herein, 

below, a virtual keyboard is displayed for touch-select data entry into the selected data 

entry field; alternately, computer 17 may be augmented with another type of device for 

user data entry, examples of which include, without limitation, a peripheral keyboard 

15 device, a storage medium (i.e. disk) reader, a scanner, a bar code reader (or other 

reader of encoded information), a hand control (i.e. mouse, joy stick, etc ... ). 

Although not shown, according to some embodiments, screen 570 may further include 

another data entry field in which the user is required to enter a license key related to 

the generator employed by system 10 in order to enable operation of system 1 O; the 

20 key may be time sensitive, related to generator contract terms. Of course any number 

of log in requirements may be employed, according to various embodiments, and may 

be presented on multiple sequentially appearing screens rather than on a single log in 

screen. 

After the user enters the appropriate information into data entry fields of log in 

25 screen 570, computer 17 presents a request for the user to confirm the volume of 

eluant that is within reservoir 15 (e.g. saline in saline bag), via a screen 571, and then 

brings up main menu 470. If the user determines that the volume of eluant/saline is 

insufficient, the user selects a menu item 573, to replace the saline bag. If system 10 

includes an encoded information reader, such as a bar code or RFID tag reader, 

30 confirmation that the selected reservoir is proper, i.e. contains the proper saline 

solution, may be carried out by computer 17, prior to connecting the reservoir into 

circuit 300, by processing information read from a label/tag attached to the reservoir. 

Alternatively, or in addition, tubing line 301 of circuit 300 may be provided with a 
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connector which only mates with the proper type of reservoir 15. According to some 

embodiments, system 10 may further include an osmolarity or charge detector, which 

is locatedjust downstream ofreservoir 15 and is linked to computer 17, so that an 

error message may be presented on monitor 172 stating that the wrong osmolarity or 

5 charge is detected in the eluant supplied by reservoir, indicating an improper solution. 

One example of a charge detector that may be employed by system 10 is the Sci Con TM 

Conductivity Sensor (available from SciLog, Inc. of Middleton, WI). 

Once the reservoir/saline bag is successfully replaced, computer 17 prompts the 

user to enter a quantity of saline contained by the new saline bag, via a screen 574. 

10 Alternately, if system 10 includes the aforementioned reader, and the saline bag 

includes a tag by which volume information is provided, the reader may automatically 

transfer the quantity information to computer 17. Thus, computer 1 7 uses either the 

confirmed eluant/saline volume, via screen 571, or the newly entered eluant/saline 

volume as a baseline from which to track depletion of reservoir volume, via activations 

15 of pump 33, in the operation of system 10. With reference to Figure 5B, during the 

operation of system 10, when computer 17 detects that the eluant reservoir/saline bag 

has been depleted to a predetermined volume threshold, computer 17 warns the user, 

via a screen 577. If the user has disregarded screen 577 and continues to deplete the 

saline bag, computer 17 detects when the saline bag is empty and provides indication 

20 of the same to the user, via a screen 578. To replenish the reservoir/saline bag, the 

user may either refill the reservoir/bag or replace the empty reservoir/bag with a full 

reservoir/bag. According to some embodiments, system 10 automatically precludes 

any further operation of the system until the reservoir is replenished. It should be 

noted that, as previously mentioned, system 10 can include a fluid level sensor coupled 

25 to the eluant reservoir in order to detect when the level of saline drops below a certain 

level. 

In addition to tracking the volume of eluant in reservoir 15, computer 17 also 

tracks a volume of the eluate which is discharged from generator 21 into waste bottle 

23. With reference to Figure 5C, an item 583 is provided in main menu 470, to be 

30 selected by the user when the user empties waste bottle 23. When the user selects item 

583, computer 17 presents a screen 584, by which the user may effectively command 

computer 17 to set a waste bottle level indicator to zero, once the user has emptied 

waste bottle 23. Typically, the user, when powering up system 10 for operation, each 
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day, will either empty waste bottle 23, or confirm that waste bottle 23 was emptied at 

the end of operation the previous day, and utilize screen 584 to set the waste bottle 

level indicator to zero. Thus, computer 17, can track the filling of waste bottle 23 via 

monitoring of the operation of pump 33 and divergence valve 35WP, and provide an 

5 indication to the user when waste bottle 23 needs to be emptied, for example, via 

presentation of screen 584, in order to warn the user that, unless emptied, the waste 

bottle will overflow. According to some embodiments, system 10 automatically 

precludes any further operation of the system until the waste bottle is emptied. 

According to some alternative embodiments, a fluid level sensor may be coupled to 

10 waste bottle, for example, as mentioned above in conjunction with Figure ID, in order 

to automatically detect when waste bottle is filled to a predetermined level and to 

provide, via computer 17, an indication to the user that waste bottle 23 needs to be 

emptied and/or to automatically preclude operation of system 10 until the waste bottle 

is emptied. 

15 In addition to the above maintenance steps related to eluant and eluate volumes 

of system 10, the user of system 10 will typically perform quality control tests each 

day, prior to any patient infusions. With reference to Figure 6, according to preferred 

methods, prior to performing the quality control tests (outlined in conjunction with 

Figures 7A-C and 8A-B), the user may select an item 675 from main menu 470, in 

20 order to direct system 10 to wash the column of generator 21. During the generator 

column wash, which is performed by pumping a predetermined volume of eluant, for 

example, approximately 50 milliliters, through generator 21 and into waste bottle 23, 

computer 17 provides an indication, via a screen 676, that the wash is in progress. 

Also, during the generator column wash, the system may provide a signal to indicate 

25 that eluate it being diverted to waste bottle 23, for example, light projector 100 (Figure 

1 C) may project a flashing light signal, as previously described. 

Figure 6 further illustrates a screen 677, which is presented by computer 17 

upon completion of the column wash, and which provides an indication of a time lapse 

since the completion of the wash, in terms of a time countdown, until a subsequent 

30 elution process may be effectively carried out. While screen 6 77 is displayed, system 

10 may be refilling, from reservoir 15, pump 33, which has a capacity of 

approximately 55 milliliters, according to some embodiments. According to some 

preferred embodiments of the present invention, computer 17 starts a timer once any 
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elution process is completed and informs the user of the time lapse, either in terms of 

the time countdown (screen 677), or in terms of a time from completion of the elution, 

for example, as will be described in conjunction with Figure 7B. According to an 

exemplary embodiment, wherein generator 21 is the CardioGen-82® that yields a 

5 saline solution ofRubidium-82, produced by the decay of Strontium-82, via the 

elution, a time required between two effective elution processes is approximately 10 

minutes. 

Once the appropriate amount of time has lapsed, after the elution process of 

generator column wash, a first quality control test may be perfom1ed. With reference 

10 to Figure 7A, the user may select, from main menu 470, an item 773A, which directs 

computer 17 to begin a sequence for breakthrough testing. According to some 

embodiments, in conjunction with the selection of item 773A, the user attaches a 

needle to an end of patient line 305p and inserts the needle into to a test vial, for the 

collection of an eluate sample therefrom, and, according to Figure 7 A, computer 17 

15 presents a screen 774, which instructs the user to insert the test vial into a vial shield, 

which may be held in recess 101 of shell 13 (Figure 1 C). 

Figure 7A further illustrates a subsequent screen 775, by which computer 17 

receives input, from the user, for system 10 to start the breakthrough elution, followed 

by a screen 776, which provides both an indication that the elution is in progress and 

20 an option for the user to abort the elution. As previously described, the system may 

provide a signal to indicate that elution is in progress, for example, light projector 100 

(Figure IC) may project a flashing light signal during that portion of the elution 

process when eluate is diverted from generator 21 through waste line 305w and into 

waste bottle 23, and then a steady light signal during that portion of the elution process 

25 when the eluate is diverted from generator 21 through patient line 305p and into the 

test vial, for example, once activity detector 25 detects a dose rate of approximately 

1.0 mCi/sec in the eluate discharged from generator 21. Another type of light signal, 

for example, the more rapidly flashing light, as previously described, may be projected 

when a peak bolus of radioactivity is detected in the eluate. 

30 Upon completion of the elution process for breakthrough testing, computer 17 

presents a screen 777, shown in Figure 7B, which, like screen 677, provides an 

indication of a time lapse since the completion of the elution, but now in terms of a 

time since completion of the breakthrough elution process. When the user transfers 
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the vial containing the sample of eluate into a dose calibrator, to measure the activity 

of the sample, the user may make a note of the time lapse indicated on screen 777. 

With further reference to Figure 7B, once the user has received the activity measure 

from the dose calibrator, the user proceeds to a screen 778, which includes data entry 

5 fields for the activity measure and the time between that at which the dose calibrator 

measured the activity of the sample and that at which the elution was completed. The 

user may enter the data via the touch-screen interface of monitor 172, or via any of the 

other aforementioned devices for user data entry. According to some alternate 

embodiments, computer 17 may receive the data, electronically, from the dose 

10 calibrator, either via wireless communication or a cable connection. 

After the data is entered by the user, computer 1 7 presents screen 779, from 

which the user moves back to main menu 470 to perform a system calibration, for 

example, as will be described in conjunction with Figures 8A-B, although the 

breakthrough testing is not completed. With reference back to Figure 7A, an item 

15 773B is shown, somewhat faded, in main menu 470; item 773B may only be 

effectively selected following the completion of steps for item 773A, so as to perform 

a second stage of breakthrough testing. In the second stage, the breakthrough of the 

sample of eluate collected in the test vial for the breakthrough testing is measured, at a 

time of approximately 60 minutes from the completion of the elution that produced the 

20 sample. With reference to Figure 7C, after the user has selected item 773B from main 

menu 470, in order to direct computer 17 to provide breakthrough test results, a screen 

781 is displayed. Screen 781 includes, for reference, the values previously entered by 

the user in screen 778, along with another pair of data entry fields into which the user 

is instructed to enter the breakthrough reading of the sample at 60 minutes and the 

25 background radiation reading, respectively. After the user enters this remaining 

information, as described above, computer 17 may calculate and then display, on a 

screen 782, the breakthrough test results. According to the illustrated embodiment, 

computer 17 also displays on screen 782 pre-programmed allowable limits for the 

results, so that the user may verify that the breakthrough test results are in compliance 

30 with acceptable limits, before moving on to a patient infusion. According to some 

embodiments, system 10 will not allow an infusion if the results exceed the acceptable 

limits, and may present a screen explaining that the results are outside the acceptable 
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limits; the screen may further direct the user to contact the generator supplier, for 

example, to order a replacement generator. 

With reference to Figure SA, during the aforementioned 60 minute time period, 

while waiting to complete the breakthrough testing, the user may perform calibration 

5 by selecting item 873 from main menu 470. Upon selection of item 873, computer 17 

presents a screen 874, which instructs the user to insert a new test vial into an elution 

vial shield. In addition to placing the vial in the shield, the user, preferably, replaces 

patient line 305p with a new patient line, and then attaches a needle to the end of the 

new patient line for insertion into the test vial, in order to collect an eluate sample 

10 therefrom. After performing these steps, the user may move to screen 875, wherein a 

plurality of data entry fields are presented; all or some of the fields may be filled in 

with pre-programmed default parameters, which the user has an option to change, if 

necessary. Once the user confirms entry of desired parameters for the calibration, the 

user may enter a command, via interaction with a subsequent screen 876, to start the 

15 calibration elution. 

With reference to Figure SB, after computer 17 starts the elution process, a 

screen 87 informs the user that the calibration elution is in progress and provides an 

option to abort the elution. As previously described, the system may provide an 

indication that elution is in progress, for example, light projector 100 (Figure 1 C) may 

20 project a flashing light signal during that portion of the elution process when eluate is 

diverted from generator 21 through waste line 305w and into waste bottle 23, and then 

a steady light signal during that portion of the elution process when activity detector 

25 has detected that a prescribed dose rate threshold is reached, for example, 1.0 

mCi/sec, and the eluate is being diverted from generator 21, through the new patient 

25 line, and into the test vial. Another type of light signal, for example, the more rapidly 

flashing light, as previously described, may be projected when a peak bolus of 

radioactivity is detected in the eluate. Upon completion of the elution process for 

calibration, computer 17 presents a screen 878, which provides an indication of a time 

lapse since the completion of the elution, in terms of a time since completion of the 

30 calibration elution process. When the user transfers the vial containing the sample of 

eluate into the dose calibrator, to measure the activity of the sample, the user may 

make a note of the time lapse indicated on screen 878. With further reference to 

Figure 8B, once the user has received the activity measure from the dose calibrator, the 
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user proceeds to a screen 879, which includes data entry fields for the activity measure 

and the time, with respect to the completion of elution, at which the dose calibrator 

measured the activity of the sample. Once the data is input by the user, as described 

above, computer calculates a calibration coefficient, or ratio, and presents the ratio on 

5 a screen 880. According to Figure 8B, screen 880 further provides an indication of a 

desirable range for the calibration ratio and presents an option for the user to reject the 

calculated ratio, in which case, the user may instruct computer 17 to recalculate the 

ratio. 

As previously mentioned, some alternate embodiments of the present invention 

10 include an on board dose calibrator so that the entire sequence of sample collection 

and calculation steps, which are described above, in conjunction with Figures 6-8B, for 

the quality control procedures, may be automated. This automated alternative 

preferably includes screen shots, similar to some of those described above, which 

provide a user of the system with information at various stages over the course of the 

15 automated procedure and that provide the user with opportunities to modify, override 

and/or abort one or more steps in the procedure. Regardless of the embodiment (i.e. 

whether system 10 employs an on board dose calibrator or not), computer 17 may 

further collect all quality control test parameters and results into a stored record and/or 

compile a report including all or some of the parameters and results for local print out 

20 and/or electronic transfer to a remote location. 

With reference to Figure 9A, upon completion of the above-described quality 

control tests, the user may select an item 971, from main menu 470, in order to direct 

system 10 to begin a procedure for the generation and automatic infusion of a 

radiopharmaceutical into a patient. As previously described, system 10 infuses the 

25 patient with the radiopharmaceutical so that nuclear diagnostic imaging equipment, for 

example, a PET scanner, can create images of an organ of the patient, which absorbs 

the radiopharmaceutical, via detection of radioactive radiation therefrom. According 

to Figure 9A, upon selection of item 971, computer 17 presents a screen 972 which 

includes a data entry field for a patient identification number. This identification 

30 number that is entered by the user is retained by computer 17, in conjunction with the 

pertinent system parameters associated with the patient's infusion. After the user 

enters the patient identification number, computer 17 directs, per a screen 973, the user 

to attach a new patient line and to purge the patient line of air. A subsequent screen 
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974 presented by computer 17 includes data entry fields by which the user may 

establish parameters for the automatic infusion; all or some of the fields may be filled 

in with pre-programmed default parameters, which the user has an option to change, if 

necessary. 

5 With reference to Figure 9B, if pump 33 does not contain enough eluant/saline 

for the patient infusion, computer 1 7 will present a warning, via a screen 901, which 

includes an option for the user to direct the refilling of pump 33, via a subsequent 

screen 902. Once pump 33 has been filled, computer 17 presents an indication to the 

user, via a screen 903. According to some embodiments, if the user does not re-fill 

10 pump 33, yet attempts to proceed with an infusion, system 10 will preclude the 

infusion and present another screen, that communicates to the user that no infusion is 

possible, if the pump is not refilled, and asking the user to refill the pump, as in screen 

901. When pump 33 contains a sufficient volume of eluant for the patient infusion, 

computer 17 presents a screen 975, which is shown in Figure 9C, and allows the user 

15 to enter a command for system 10 to start the patient infusion. During the infusion, 

computer 17 provides the user with an indication that the infusion is in process and 

with a option for the user to abort the infusion, via a screen 976. As previously 

described, the system may provide an indication that an elution is in progress, for 

example, light projector 100 (Figure 1 C) may project a flashing light signal during that 

20 portion of the elution process when eluate is diverted from generator 21 through waste 

line 305w and into waste bottle 23, and then a steady light signal during that portion of 

the elution process when activity detector 25 has detected that a prescribed dose rate 

threshold is reached, for example, 1.0 mCi/sec, and the eluate is being diverted from 

generator 21, through the new patient line for infusion into the patient. Another type 

25 of light signal, for example, the more rapidly flashing light, previously described, may 

be projected when a peak bolus of radioactivity is detected in the eluate. At the 

completion of the infusion, a screen 977 is displayed by computer 17 to inform the 

user of the completion of the infusion and a time since the completion. Computer 17 

also displays a summary of the infusion, per screen 978. 

30 With further reference to Figure 9C, screen 976 shows an exemplary activity 

profile (activity - mCi/ sec, on y-axis, versus time - sec, on x-axis) for the 

infusion/injected dose (designated between the two vertical lines). Those skilled in the 

art will appreciate that the shape of this profile depends upon the infusion flow rate, 
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for a given volume of the dose, which flow rate is controlled, for example, by the 

speed at which pump 33 drives flow through the patient line, and upon the amount of 

Strontium-82 remaining in the generator. In the absence of flow rate control, activity 

profiles may change over the life of the generator. Furthermore, the peak bolus of 

5 radioactivity, particularly for injected doses from a relatively new generator, may 

exceed a saturation level of the imaging equipment, i.e. PET scanner. According to 

some preferred methods of the present invention, in order to maintain relatively 

consistent, and desirable/effective, activity profiles for patient injections, over the life 

of the generator, the operating speed of pump 33 may be varied (both over the course 

10 of a single injection and from injection to injection), according to feedback from 

activity detector 25. Such a method may be implemented via incorporation of another 

quality control test in which pump 33 is operated to drive flow through the generator at 

a constant rate, in order to collect, into computer, a plurality of activity measurements 

from activity detector 25; the plurality of measurements comprise a characteristic, or 

15 baseline activity profile from which the computer 17 may calculate an appropriate 

flow rate profile to control a speed of pump 33, in order to achieve the 

desirable/effective activity profile. In general, at the start of generator life, when 

Strontium-82 is plentiful, the pump is controlled to drive infusion flow at relatively 

lower rates, and, then, toward the end of generator life, when much of the Strontium-

20 82 has been depleted, the pump is controlled to drive infusion flow at relatively higher 

rates. As was described above, in conjunction with Figure ID, if a desired 

infusion/injection flow rate is relatively high, that is, high enough to create too much 

back pressure, via flow through the column of generator 21, by-pass line 303 may be 

employed by adjusting divergence valve 35BG to divert a flow of eluant therethrough 

25 after a sufficient volume has been pumped through generator at a lower flow rate. 

30 

According to this method, once a dose of eluate, from generator 21, has flowed into 

patient line 305p, divergence valve 35BG is set to divert the flow of eluant through by­

pass line 303, and then pump speed is increased to pump eluant at a higher flow rate in 

order to push the dose out from patient line 305p, for injection at the higher flow rate. 

Consistency of activity profiles among injected doses can greatly facilitate the 

use of PET scanning for the quantification of flow, for example, in coronary perfusion 

studies. Alternative infusion circuit configurations, operable according to alternative 

methods, to achieve consistency of activity profiles among injected doses, as well as a 
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more uniform level of radioactivity across each individual dose, will be described 

below, in conjunction with Figures 12A-C. 

Printer 117 (Figure lB) may be activated to print out a hard copy of the 

infusion summary, on which the patient identification number and pertinent infusion 

5 and system parameters are also printed, for reference. Alternatively, or in addition, 

according to some embodiments, the summary may be downloaded onto a computer 

readable storage device to be electronically transferred to one or more remote 

computers and/or the summary may be automatically transferred to the one or more 

remote computers, via wireless communication or a cable connection, for example, 

10 over an intranet network and/or the internet. In order to protect private patient 

information, the files may be encrypted for transmission over the internet. The one or 

more remote computers may be included, for example, in a hospital information 

system, and/or a billing system, and/or in a medical imaging system. Infusion 

parameters, for example, corresponding to the activity profile, may also be collected 

15 and electronically transferred for analysis in conjunction with captured images, for 

example, in order to quantify coronary flow, via a software package that is loaded into 

a system that includes the PET scanner. 

With reference back to Figure 9A the user may select an item 995, from main 

menu 470, in order have system 10 perform data operations, such as, archiving a data 

20 base of patient infusion information and quality control test results, transmitting 

patient infusion summary records to USB mass storage devices, and various types of 

data filtering, for example, according to date ranges and/or patient identification 

numbers, for example, to search for a particular set of data and/or to compile a 

summary report of related sets of data. Additionally, certain information, which is 

25 collected by computer 17 over the course of system operation, and which defines 

system operation, may be transmitted to a local or remote computerized inventory 

system and/or to computers of technical support personnel, maintenance/service 

providers and/or suppliers of infusion circuit elements/components, thereby facilitating 

more efficient system operation and maintenance. 

30 Turning now to Figure 10, an item 981 for computer-facilitated purging of the 

tubing lines of system 10 is shown included in main menu 470. When a user selects 

item 981, computer 17 guides the user to select either an air purge or a saline purge. 

The direction provided by computer 17 is not explicitly laid out herein, for a saline 
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purge, as procedures for saline purging should be readily apparent to those skilled in 

the art, with reference to the schematic of infusion circuit 300 shown in Figure lD. A 

saline purge of circuit 300 is desired to assure that all the air is removed from circuit 

300 when a new generator and/or a new complete or partial tubing set is installed. An 

5 air purge of the tubing lines of circuit 300 may be performed after removing reservoir 

15, by-passing generator 21, by connecting tubing line 304 to tubing line 305, and 

coupling patient line 305p to a vial, for example, as is directed by the computer 

interface, in screens 983 and 984 shown in Figure 10. The air purge is desirable for 

blowing out the tubing lines, thereby removing all remaining eluant and eluate, prior to 

10 installing a new generator and/or prior to transporting system 10 from one site to 

another. If generator 21 is not depleted and will be used in system 10 at the new site, it 

is important to by-pass the generator prior to purging the tubing lines of circuit 300 

with air, so that air is not blown across the generator, since air through generator 21 

may compromise both the function and the aseptic nature of generator 2 I. 

I5 According to preferred embodiments, once the user has followed the 

instructions presented in screens 983 and 984 and selects to start the air purge, for 

example, via screen 985, computer I 7 directs the controller of system I 0 to carry out a 

complete air purge, in which pump 33 and divergence valves 35BG and 35WP are 

automatically controlled. The automated air purge preferably includes the following 

20 steps, which may be best understood with reference to tubing circuit 300 in Figure ID: 

pumping any remaining volume of eluant left in pump 33, through lines 302, 304, 305 

and 305w, to waste bottle 23; refilling pump 33 with air and pumping the air through 

lines 302, 304, 305 and 305w, into waste bottle 23 (lines 304 and 305 have been 

previously connected directly to one another, in order to by-pass generator 2 I; if 

25 generator 2I is depleted and will be replaced with a new generator, pumping air 

through generator 2I may be acceptable); refilling pump 33 with air and then pumping 

a portion of the air through lines 302, 304, 305 and 305p, into the vial, and then a 

remaining portion of the air through lines 302, 304, 303 and 305p, into the vial. With 

reference to Figure ID and the previous description of divergence valves 35BG, 

30 35WP, it should be understood how divergence valves 35BG, 35WP are automatically 

controlled to carry out the above steps. 

The purge operations, which are facilitated by selecting item 98 I from main 

menu 470, may also be accessed via the selection of an item 991 for generator setup. 
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When the user selects item 991, computer 1 7 may present an option for guidance in 

removing an old, depleted, generator and a set of tubing lines, prior to installing the 

new generator, or an option to just be guided in the installation of the new generator. 

According to some embodiments, computer 1 7 is pre-programmed to calculate an 

5 amount of activity left in a depleted generator, for example, by tracking activity of 

eluate over a life of the generator. At an end of the life of the generator, computer 17 

may further compile this information, along with other pertinent generator 

information, into a report that may accompany a declaration of dangerous goods for 

shipping the depleted generator out for disposal or, in some cases, back to the 

10 manufacturer for investigation. An example of such a report is shown in Figure 11. 

According to those embodiments of system 10 that include an encoded information 

reader, computer 17 may confirm that the new generator is proper by processing 

information that is read from an encoded label/tag attached thereto. 

Figures 12A-B are schematics of alternative infusion circuits BOOA, BOOB 

15 that may be employed by system 10, in place of circuit 300 (Figure ID), according to 

some additional embodiments of the present invention. Circuits BOOA, BOOB are 

configured to allow for alternative methods of operation, to that previously described 

for circuit 300, when a relatively even, or uniform level of activity over each injected 

dose, along with the relatively consistent level of activity from injection to injection is 

20 desired, for example, in order to facilitate a quantification of coronary artery blood 

flow via PET scanning. Figure 12C is a schematic illustrating activity profiles 1200A, 

1200B for two injected doses, wherein profile 1200B has a more uniform level of 

activity than profile 1200A; profile 1200B may be achieved via the operation of 

circuits 1300A, BOOB as described below. 

25 Similar to circuit 300 (Figure ID), dashed lines are shown in each of Figures 

12A-B to indicate a general boundary of a shielding assembly for portions of each 

circuit l 300A, 1300B. The shielding assembly for each of circuits 1300A, l 300B may 

be very similar, in most respects, to shielding assembly 200, which is described above 

for system 10, and the elements of each of circuits BOOA, BOOB may be arranged 

30 with respect to their respective shielding and with respect to shell 13 of system 10 in a 

similar manner to that described above for circuit 300. 

Figure 12A illustrates circuit BOOA including, like the previously described 

circuit 300, eluant reservoir 15, pump 33, radioisotope generator 21, through which the 
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filtered eluant is pumped to create the radioactive eluate, activity detector 25, and 

waste bottle 23. Figure 12A further illustrates two filters 37 and two pressure 

transducers 1334 included in circuit 1300A. Circuit l 300A further includes by-pass 

tubing line 303, which is located downstream of divergence valve 35BG, like in circuit 

5 300, and which accommodates the previously described eluant/saline flush. However, 

in contrast to circuit 300, circuit 1300A further includes a linear/proportional valve 

1335 integrated into by-pass/flush line 303 so that circuit 1300A may be operated, for 

example, according to pre-programmed parameters of computer 17, in conjunction 

with feedback of information from activity detector 25, for a controlled by-pass of 

10 generator 21 in order to mix eluant with eluate and, thereby, achieve a relatively 

uniform level of activity over each patient injection, for example, according to profile 

1200B of Figure 12C. It should be noted that, in addition to the controlled mixing, a 

flow rate of each injection may be varied, if necessary, in order to maintain a 

consistent activity level. 

15 Figure 12B illustrates circuit 1300B including, like the previously described 

circuit 300, eluant reservoir 15, pump 33, radioisotope generator 21, activity detector 

25, and waste bottle 23, as well as the two filters 37 and two pressure transducers 

1334, as in circuit 1300A. In contrast to circuits 300 and 1300A, circuit 1300B further 

includes an eluate reservoir 1350, which is shown located downstream of generator 

20 21, in between first and second segments 305A, 305B of the eluate tubing line. It 

should be noted that a pump is combined with reservoir 1350, for example, similar to 

syringe pump 33, such that, when a divergence valve 133510 is set to allow fluid 

communication between reservoir 1350 and tubing line segment 305A, the associated 

pump may be operated to draw in a volume of eluate, and, then, when divergence 

25 valve 133510 is set to allow fluid communication between reservoir 1350 and tubing 

line segment 305B, the pump may be operated to push the volume of eluate out 

through tubing line segment 305B for a patient injection, when divergence valve 

35WP is set to direct flow into patient line 305p. With reference back to Figures 3A-B, 

sidewall 205 of shielding assembly 200 may be enlarged to further enclose eluate 

30 reservoir 1350. For example, another shielded well, to house the eluate reservoir, may 

extend alongside well 255, in which activity detector 25 is described as being 

mounted. Furthermore, sidewall 205 may include another valve actuator receptacle for 
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divergence valve B35IO, similar to receptacle 253, shown in Figure 3A for 

divergence valve 35WP. 

Collection of discrete volumes of eluate, in reservoir B50, may help to achieve 

a more uniform activity level over each injection, for example, like that of profile 

5 1200B in Figure 12C, and, according to preferred methods, feedback from activity 

detector 25 may be used to control the pump associated with reservoir B50, in order 

to vary injection flow rate and, thereby, maintain a relatively consistent activity level 

across multiple injections, and, when necessary, to vary injection flow rate over an 

individual injection to maintain the uniform activity level. Feedback from the 

10 pressure transducer 1334, that is downstream from detector 25, and/or from a flow 

meter (not shown) of circuit BOOB may also be used to control the varying of 

injection flow rate. 

With further reference to Figures 12A-B, it should be noted that alternative 

circuits may be configured to employ a combination of the methods described for 

15 circuits 1300A and BOOB. Furthermore, some infusion circuits of the present 

invention may employ multiple generators 21, as mentioned above, in conjunction 

with Figure 2A, to help maintain the relatively uniform level of activity over each 

injection and the relatively consistent level of activity from injection to injection. 

In the foregoing detailed description, the invention has been described with 

20 reference to specific embodiments. However, it may be appreciated that various 

modifications and changes can be made without departing from the scope of the 

invention as set forth in the appended claims. 

25 
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We claim: 

1. A shielding assembly for an infusion system, the shielding assembly being 

mounted within a cabinet structure, and the shielding assembly comprising: 

a first compartment sized to contain one or more radioisotope generators of the 

5 infusion system, the first compartment being enclosed by a first sidewall that forms a 

barrier to radioactive radiation, the first sidewall including an opening extending 

therethrough and a lid, the lid mating with the opening to alternately enclose the first 

compartment and provide access to the first compartment, via the opening, and the 

opening being oriented upward and located at a first elevation._ with respect to a 

10 lowermost portion of the cabinet structure; 

a second compartment sized to contain a portion of an infusion tubing circuit of the 

infusion system that is downstream of the one or more generators, the second 

compartment being enclosed by a second sidewall that forms a barrier to radioactive 

radiation, the second sidewall including a base portion and a lid portion, the lid portion 

15 mating with the base portion to alternately enclose the second compartment and 

provide access to the second compartment; and 

a third compartment sized to contain a waste bottle of the infusion system, the third 

compartment being enclosed by a third sidewall that forms a barrier to radioactive 

radiation, the third sidewall including an opening, extending through the third 

20 sidewall, and a lid, the lid of the third sidewall mating with the opening of the third 

sidewall to alternately enclose the third compartment and provide access to the third 

compartment, via the opening of the third sidewall, the opening of the third sidewall 

being oriented upward and located at a second elevation, with respect to the lowermost 

portion of the cabinet structure, and the second elevation being greater than the first 

25 elevation of the opening of the first sidewall. 

2. The shielding assembly of claim 1, wherein the opening of the first sidewall is 

aligned with a first upper opening through a shell of the cabinet structure and the 

opening of the third sidewall is aligned with a second upper opening through the shell 

30 of the cabinet structure, the second upper opening being located at a greater elevation.._ 

with respect to the lowermost portion of the cabinet structure._ than the first upper 

opemng. 
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3. The shielding assembly of claim 1, wherein an opening through a shell of the 

4. 

cabinet structure provides access to both the lid of the first sidewall and to the lid 

portion of the second sidewall. 

The shielding assembly of claim 1, wherein the lowermost portion of the cabinet 

structure is at approximately ground level and the first elevation is between 

approximately 12 inches and approximately 24 inches. 

5. The shielding assembly of claim 1, wherein the lowermost portion of the cabinet 

10 structure is at approximately ground level and the second elevation is between 

approximately 24 inches and approximately 36 inches. 

6. The shielding assembly of claim 1, further comprising: 

a fourth compartment sized to contain another portion of the infusion tubing circuit of 

15 the infusion system downstream from the one or more generators, the fourth 

compartment being enclosed by a portion of the third sidewall and a door that forms a 

barrier to radioactive radiation, the door mating with the portion of the third sidewall 

to alternately enclose the fourth compartment and provide access to the fourth 

compartment; and 

20 wherein the fourth compartment is immediately adjacent to the second compartment; 

the portion of the infusion tubing circuit contained in the second compartment includes 

an eluate line, extending from the one or more generators, a patient line, being coupled 

to the eluate line, and a waste line, being coupled to the eluate line; and 

the other portion of the infusion tubing circuit contained in the fourth compartment 

25 includes an extension of the patient line, from the second compartment, and an 

extension of the waste line, from the second compartment. 

7. The shielding assembly of claim 6, wherein the fourth compartment extends 

approximately vertically along the portion of the third sidewall, on an opposite side of 

30 the third sidewall from the third compartment. 
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8. The shielding assembly of claim 7, wherein the fourth compartment includes a 

9. 

retaining member to hold the extension of the patient line and the extension of the 

waste line in place within the fourth compartment. 

The shielding assembly of claim 6, wherein the lid of the third sidewall, when 

mated with opening of the third sidewall, prevents the door of the fourth compartment 

from opening to provide access to the fourth compartment. 

10. The shielding assembly of claim 9, wherein the door of the fourth compartment, 

10 when mated with the portion of the third sidewall, prevents the lid portion of the 

second sidewall from opening to provide access to the second compartment. 

11. The shielding assembly of claim 10, wherein the lid portion of the second sidewall, 

when mated with the base portion of the second sidewall, prevents the lid of the first 

15 sidewall from opening to provide access to the first compartment. 

20 

25 

30 

12. The shielding assembly of claim 6, wherein the door of the fourth compartment, 

when mated with the portion of the third sidewall, prevents the lid portion of the 

second sidewall from opening to provide access to the second compartment. 

13. The shielding assembly of any of claims 1-5, wherein the lid portion of the second 

14. 

15. 

sidewall, when mated with the base portion of the second sidewall, prevents the lid of 

the first sidewall from opening to provide access to the first compartment. 

The shielding assembly of any of claims 1-5, wherein the lid of the first sidewall is 

hinged to open in an upward direction; and further comprising a latch component, 

mounted within the cabinet structure, to hold the lid of the first sidewall in an open 

position. 

The shielding assembly of any of claims 1-5, wherein the lid portion of the second 

sidewall is hinged to open in an upward direction; and further comprising a latch 

component, mounted within the cabinet structure, to hold the lid portion of the second 

sidewall in an open position. 
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16. A method for setting up an infusion system, the method comprising: 

opening a first door of a shielding assembly of the infusion system to access a first 

compartment of the assembly and to allow for a second door of the shielding assembly 

to be opened; and 

5 opening the second door, after opening the first door, to access a second compartment 

of the shielding assembly, the second compartment being separate from, and outside 

of, the first compartment; 

placing a radioisotope generator into the second compartment and connecting the 

generator to an infusion tubing circuit; 

10 placing a portion of the infusion tubing circuit into the first compartment; 

closing the second door to enclose the generator within the second compartment; and 

closing the first door, after closing the second door, to enclose the portion of the 

infusion tubing circuit within the first compartment. 

15 17. The method of claim 16, further comprising unlocking and removing an access 

panel from a shell of a cabinet structure, which encloses the shielding assembly, to 

access the first door and the second door of the shielding assembly. 

18. The method of claim 16, further comprising: 

20 opening a third door, prior to opening the first door, to access a third compartment of 

the shielding assembly and to allow for the first door to be opened; 

25 

placing another portion of the infusion tubing circuit into the third compartment; and 

closing the third door, after closing the first door, to enclose the other portion of the 

infusion tubing circuit within the third compartment. 

19. The method of claim 18, further comprising unlocking and removing an access 

panel from a shell of a cabinet structure, which encloses the shielding assembly, to 

access the first door, the second door and the third door of the shielding assembly. 
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20. The method of claim 18, further comprising: 

opening a fourth door, prior to opening the third door, to access a fourth compartment 

of the shielding assembly and to allow for the third door to be opened; 

connecting a waste line of the infusion tubing circuit to a waste bottle; 

5 placing the waste bottle into the fourth compartment; and 

closing the fourth door, after closing the third door, to enclose the waste bottle within 

the fourth compartment. 

21. The method of any of claims 16-20, further comprising securing at least one of the 

10 first and second doors in an open position. 

22. A shielding assembly for an infusion system, the shielding assembly comprising a 

plurality of compartments and providing a radioactive radiation barrier for the 

compartments, the assembly further comprising: 

15 a first door to alternately enclose and provide access to a first compartment of the 

plurality of compartments, the first compartment sized to contain one or more 

radioisotope generators of the infusion system; and 

a second door to alternately enclose and provide access to a second compartment of 

the plurality of compartments, the second compartment being separate from, and 

20 outside of, the first compartment, the second compartment being sized to contain a 

portion of an infusion tubing circuit of the infusion system that is downstream of the 

one or more generators, and the second door, when enclosing the second compartment, 

preventing the first door from opening to provide access to the first compartment. 

25 23. The shielding assembly of claim 22, further comprising a third door to alternately 

enclose and provide access to a third compartment of the plurality of compartments, 

the third compartment sized to contain another portion of the infusion tubing circuit of 

the infusion system downstream from the one or more generators, the third door, when 

enclosing the third compartment, preventing the second door from opening to provide 

30 access to the second compartment. 

24. The shielding assembly of claim 23, further comprising a fourth door to alternately 

enclose and provide access to a fourth compartment of the plurality of compartments, 
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25. 

the fourth compartment being sized to contain a waste bottle of the infusion system, 

the fourth door, when enclosing the fourth compartment, preventing the third door 

from opening to provide access to the third compartment. 

The shielding assembly of claim 24, wherein the third compartment shares a 

sidewall with the fourth compartment and extends approximately vertically along the 

shared sidewall. 

26. The shielding assembly of claim 25, wherein the third compartment includes a 

10 retaining member attached to the shared sidewall to hold the other portion of the 

infusion tubing circuit in place along the shared sidewall. 

27. An infusion system comprising: 

a cabinet structure including a shell defining an interior space thereof, the shell 

15 including a first opening, a second opening and an access panel, the access panel 

mating with the second opening and being removable therefrom; 

a lock reversibly engaging the access panel to secure access to the interior space of the 

cabinet structure; 

an eluant source; 

20 a shielding assembly located within the interior space of the cabinet structure, the 

shielding assembly including a sidewall defining a plurality of compartments and 

providing a barrier to radioactive radiation for the compartments, the shielding 

assembly further including a corresponding plurality of doors, each door, when open, 

providing access to the corresponding compartment via an opening in the sidewall, 

25 and, when closed, providing further barrier to radioactive radiation for the 

corresponding compartment; 

one or more radioisotope generators contained within a first compartment of the 

plurality of compartments of the shielding assembly and being accessible through the 

second opening of the shell of the cabinet structure, when the access panel is unlocked, 

30 and when a first door of the plurality of doors, which corresponds to the first 

compartment, is open; 

an eluant line coupled to the eluant source and to the one or more generators; 

an eluate line coupled to the one or more generators; and 
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a patient line coupled to the eluate line and extending out from the interior space of the 

cabinet structure through the first opening of the shell. 

28. The assembly of claim 27, wherein the first door is hinged to open in an upward 

5 direction; and further comprising a latch component, mounted within the cabinet 

structure, to hold the first door in an open position. 

29. The system of claim 27, further comprising: 

a waste bottle contained within a second compartment of the plurality of compartments 

10 of the shielding assembly; and 

a waste line coupled to the eluate line and to the waste bottle; 

wherein the shell of the cabinet structure further includes a third opening; and 

a second door of the plurality of doors, which corresponds to the second compartment, 

is aligned with the third opening of the shell, for access thereto, and is located at a 

15 higher elevation, with respect to a lowermost surface of the cabinet structure, than that 

of the second door. 

30. The system of claim 27, further comprising: 

a waste bottle contained within a second compartment of the plurality of compartments 

20 of the shielding assembly; and 

25 

a waste line coupled to the eluate line and to the waste bottle; 

wherein a second door of the plurality of doors, which corresponds to the second 

compartment, when closed, prevents the first door from opening to provide access to 

the first compartment. 

31. The system of claim 27, wherein: 

the eluate line and at least a portion of the patient line are contained in a second 

compartment of the plurality of compartments of the shielding assembly; and 

a second door of the plurality of doors, which corresponds to the second compartment, 

30 when closed, prevents the first door from opening to provide access to the first 

compartment. 
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32. The system of claim 31,wherein the second door is accessible only through the 

second opening of the shell of the cabinet structure, when the access panel is unlocked. 

33. The system of claim 31, wherein the first door and the second door are both hinged 

5 to open in an upward direction; and further comprising at least one latch component, 

mounted within the cabinet structure, to hold the first door and the second door in an 

open position. 

34. A shielding assembly for an infusion system, the shielding assembly being 

10 mounted within a cabinet structure, and the shielding assembly comprising: 

a plurality of compartments having sidewalls providing barriers to radioactive 

radiation for the compartments; 

a corresponding plurality of doors, each door, when open, providing access to the 

corresponding compartment via an opening in its sidewall, and, when closed, 

15 providing further barrier to radioactive radiation for the corresponding compartment; 

a first compartment of the plurality of compartments enclosed by a first sidewall of the 

sidewalls and sized to contain one or more radioisotope generators of the infusion 

system, the first sidewall including a first sidewall opening oriented upward and 

aligned with a first upper opening through a shell of the cabinet structure; 

20 wherein an upper surface of the shell is located at an elevation, with respect to a 

lowermost portion of the cabinet structure, such that the elevation of the upper surface 

is substantially greater than that of the first sidewall opening and the first upper 

opemng. 

25 35. 

30 36. 

The shielding assembly of claim 34, wherein the lowermost portion of the cabinet 

structure is at approximately ground level, the first sidewall opening is at an elevation 

of between approximately 12 inches and approximately 24 inches with respect to the 

lowermost portion of the cabinet. 

The shielding assembly of claim 35, wherein the elevation of the upper surface of 

the shell is between approximately 24 inches and 36 inches, with respect to the 

lowermost portion of the cabinet structure. 
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37. The shielding assembly of claim 1, further comprising a second compartment of 

the plurality of compartments enclosed by a second sidewall of the sidewalls and sized 

to contain a waste bottle of the infusion system, the second sidewall including a second 

sidewall opening oriented upward and aligned with a second upper opening through 

5 the shell of the cabinet structure, the second upper opening being an opening in the 

upper surface of the shell. 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant's or agenfs file reference FOR FURTHER see Form PCT/ISN220 

56782.l.9.l ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/US2009/063788 lO/ll/2009 19/ll/2008 
Applicant 

BRACCO DIAGNOSTICS INC. 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 6 sheets. 

[!] It is also accompanied by a copy of each prior art document cited in this report. 

1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of: 

b. D 

c. D 

2. D 

s. D 

~ 
D 

the international application in the language in which it was filed 

a translation of the international application into , which is the language 
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)) 

This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

Certain claims were found unsearchable (See Box No. II) 

Unity of invention is lacking (see Box No Ill) 

4. With regard to the title, 

[!] the text is approved as submitted by the applicant 

D the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

!Kl 
D 

the text is approved as submitted by the applicant 

the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. ~1 ____ _ 

b. D 

~ as suggested by the applicant 

0 as selected by this Authority, because the applicant failed to suggest a figure 

D as selected by this Authority, because this figure better characterizes the invention 

none of the figures is to be published with the abstract 

Form PCT/ISN210 (first sheet) (July 2009) 
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-- - --- -- -- -- -- --- -- --· -· . -... --· --· & & International application No 

PCT/US2009/063788 
A. CLASSIFICATION OF SUBJECT MATTER 
INV. A61M5/165 A61M5/14 A61M5/38 
ADD. A61M5/00 A61M39/28 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

A61M 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document, with indication, wnere appropriate, of the relevant passages Relevant to claim No. 

x us 3 483 867 A (MARKOVITZ MEYER) 1-10, 
16 December 1969 (1969-12-16) 15-20 
figures 1-4 
column 2, line 60 - column 7, line 9 

-----
x us 4 994 056 A (IKEDA DANIEL p [US]) 1-10 

19 February 1991 (1991-02-19) 
figures 1-8 
column 3, 1 ine 51 - column 5, 1 i ne 68 

-----
x us 4 466 888 A (VERKAART WESLEY H [US]) 1-10 

21 August 1984 (1984-08-21) 
figures 1-16 
column 3, line 48 - column 8, 1 ine 57 

-----
-/--

IT] Further documents are listed in the continuation of Box C. [] See patent family annex. 

. Special categories of cited documents: 
'T' later document published after the international filing date 

'A' document defining the general state of the art which is not 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 

considered to be of particular relevance invention 
'E' earlier document but published on or after the international ·x· document of particular relevance; the claimed invention 

filing date cannot be considered novel or cannot be considered to 
'L' document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone 

which is cited to establish the publication dale of another •y• document of particular relevance; the claimed invention 
citation or other special reason (as specified) cannot be considered to involve an inventive step when the 

·o· document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled 

•p• document published prior to the international filing date but in the art. 
later than the priority date claimed '&' document member of the same patent family 

Date of the actual r:·~mpletion of the international search Date of mailing of the international search report 

24 March 2010 01/04/2010 
Name and mailing address of the ISA/ Authorized officer 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 

Tel. (+31-70) 340-2040, Reinbold, Sylvie Fax: (+31-70)340-3016 3 

Fonn PCT/ISA/210 (second sheet) (April 2005) 

n::inA 1 n-f ? 

1040 of 2568



3 

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages 

X EP 0 919 249 Al (NISSHO KK [JP] NIPRO CORP 
[JP]) 2 June 1999 (1999-06-02) 

A 

E 

figures 1-11 
paragraph [0021] - paragraph [0058] 
paragraph [0033] 

EP 1 421 960 Al (GVS S P A [IT]) 
26 May 2004 (2004-05-26) 
figures 1-16 
paragraph [0009] - paragraph [0030] 

WO 2009/152320 A2 (BRACCO DIAGNOSTICS INC 
[US]; QUIRICO CHARLES R [US]; BALESTRACCI 
ERNES) 17 December 2009 (2009-12-17) 
figure 3b 
page 19, line 10 - line 15 

Fonn PCT/ISA/210 (continuation of second sheet) (April 2005) 

Relevant to claim No. 

1-10 

1-10, 
15-20 

1-10, 
15-20 

n::inl:l ? n-f ? 
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International Application No. PCT/US2009 /063788 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

Continuation of Box II.l 

Claims Nos.:· 11-14 

Claims 11 to 14 relate to a method for assembling a membrane filter. 
Said method is carried out within the human body because connecting a 
line to the flutd outlet filter is a connection with a catheter which is 
introduced to the patient. Consequently, the method defined in claims 11 
to 14 is considered as a method for the treatment of the human body by 
surgery and therapy. The application does not meet the requirement of 
Rule 39.l)iv), because these claims are methods of treatment of the human 
body. 

' !<-
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INTERNATIONAL SEARCH REPORT 

International application No. 
PCT/US2009/063788 

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. [iJ Claims Nos.: 11-14 
because they relate to subject matter not required to be searched by this Authority, namely: 

2.D 

see FURTHER INFORMATION sheet PCT/ISA/210 

Claims Nos.: 
because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 

3. D Claims Nos.: 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of 
additional fees. 

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 

4.o No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable, the 
payment of a protest fee. 

D The additional search fees were accompanied by the applicant's protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 

D No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005) 
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International application No 

Patent document 
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us 4994056 

us 4466888 
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Information on patent family members 
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Al 

Publication 
date I 
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DK 
EP 
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JP 

02-06-1999 DE 
DE 
us 
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Patent family 
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69828571 T2 

6129853 A 

I Publication 
date 

30-05-1991 
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12-12-1985 
21-11-1981 
25-11-1981 
01-02-1983 
23-03-1982 

17-02-2005 
02-06-2005 
10-10-2000 

EP 1421960 Al 26-05-2004 US 2004104160 Al 03-06-2004 

WO 2009152320 A2 

Form PCT /ISA/21 O (patent family annex) (April 2005) 
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WO 
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PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

1 

To: 

see form PCTJISAQ20 

PCT 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis.1) 

I-Date of mailing 

(day/month/year) see form PCTl1SAl210 (second sheet) 

Applicant's or agent's file reference 

see form PCTJISA/220 
FOR FURTHER ACTION 
See paragraph 2 below 

International application No. 

PCT AJS2009!063788 
International filing date (dayAnonthlyear) 

10.11.2009 

International Patent Classification (IPC) or both national classification and IPC 

INV. A61M5/165 A61M5/14 A61M5/.38 
ADD. A61 M5!00 A61 M39!28 
Applicant 

BRACCO DIAGNOSTICS INC. 

1. This opinion contains indications relating to the following items: 

fg1 

D 
Box No. I 

Box No. II 

Basis of the opinion 

Priority 

Priority date (dayAnonthyear) 

19.11.2008 

fg1 

D 
Box No. Ill 

Box No. IV 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 
fg1 Box No. V Reasoned statement under Rule 43bis.1 (a)(i) with regard to novelty, inventive step or industrial 

applicability; citations and explanations supporting such statement 

D Box No. VI Certain documents cited 

D Box No. VII Certain defects in the international application 

fg1 Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will usually be considered to be a 
written opinion of the International Preliminary Examining Authority {"IPEA") except that this does not apply where 
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the 
International Bureau under Rule 66.1 bis(b) that written opinions of this International Searching Authority 
will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to 
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months 
from the date of mailing of Form PCT/ISAl220 or before the expiration of 22 months from the priority date, 
whichever expires later. 

For further options, see Form PCTl1SAl220. 

3. For further details, see notes to Form PCT/ISAl220. 

Name and mailing address of the ISA: 

European Patent Office 

D-80298 Munich 
Tel. +49 89 2399- O 
Fax: +49 89 2399- 4465 

Date of completion of 
this opinion 

see form I PCTASA,,10 

Authorized Officer 

Reinbold, Sylvie 

Telephone No. +49 89 2399-7918 

Form PCTASAl237 (Cover Sheet) {April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

l2l the international application in the language in which it was filed 

International application No. 
PCT /US2009t063788 

D a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search (Rules 12.3(a) and 23.1 (b)). 

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43bis.1 (a)) 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and 
necessary to the claimed invention, this opinion has been established on the basis of: 

a. type of material: 

D a sequence listing 

D · table(s) related to the sequence listing 

b. format of material: 

D on paper 

D in electronic form 

c. time of filingtfurnishing: . 

D contained in the international application as filed. 

D filed together with the international application in electronic form. 

D furnished subsequently to this Authority for the purposes of search. 

4. D In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto 
has been filed or furnished, the required statements that the information in the subsequent or additional 
copies is identical to that in the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished. 

5. Additional comments: 

Form PCTASA/237 (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 
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Box No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non 
obvious), or to be industrially applicable have not been examined in respect of 

D the entire international application 

!8l claims Nos. 11-14 

because: 

D the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international search (specify): 

D the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 

D the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed (specify): 

!8l no international search report has been established for the whole application or for said claims Nos. 11-14 

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the 
prescribed time limit: 

D furnish a sequence listing on paper complying with the standard provided for in Annex C of the 
Administrative Instructions, and such listing was not available to the International Searching 
Authority in a form and manner acceptable to it. 

D furnish a sequence listing in electronic form complying with the standard provided for in Annex C 
of the Administrative Instructions, and such listing was not available to the International Searching 
Authority in a form and manner acceptable to it. 

D pay the required late furnishing fee for the furnishing of a sequence listing in response to an 
invitation under Rules 13ter.1 (a) or (b). 

D a meaningful opinion could not be formed without the tables related to the sequence listings; the applicant 
did not, within the prescribed time limit, furnish such tables in electronic form complying with the technical 
requirements provided for in Annex C-bis of the Administrative Instructions, and such tables were not 
available to the International Searching Authority in a form and manner acceptable to it. 

D the tables related to the nucleotide and/or amino acid sequence listing, if in electronic form only, do not 
comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions. 

D See Supplemental Box for further details 
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1. 

2. 

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Statement 

Novelty (N) Yes: Claims 16-17, 20 
No: Claims 1-10, 15, 18-19 

Inventive step (IS) Yes: Claims 
No: Claims 1-10, 15-20 

Industrial applicability (IA) Yes: Claims 1-10, 15-20 
No: Claims 

Citations and explanations 

see separate sheet 

Box No. VIII Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Item Ill 

International application No. 

PCT /US2009/063788 

Non- establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

Claims 11 to 14 relate to a method for assembling a membrane filter. Said method is 
carried out within the human body because connecting a line to the fluid outlet filter is 
a connection with a catheter which is introduced to the patient. 

Consequently, the method defined in claims 11 to 14 is considered as a method for 
the treatment of the human body by surgery and therapy. The application does not 
meet the requirement of Rule 39.1 )iv), because these claims are methods of treatment 
of the human body. 

Thus, the subject-matter of these claims has not been searched and consequently no 
examination was carried out for those claims (Rule 66.1 (e) PCT). 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 Reference is made to the following documents: 

01 US 3 483 867 A 

02 US 4 994 056 A 

03 US 4 466 888 A 

04 EP 0 919 249 A1 

05 EP 1 421 960 A1 

06 WO 2009/152320 A2 

Novelty Article 33{2) PCT 

2 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claims 1-10 and 15,18 and 19 does not seem 
to be new in the sense of Article 33(2) PCT. 

2.1 The document 01 is regarded as being the closest prior art and discloses (the 
references in parentheses applying to this document) a removable clamp (10) 
for supporting a housing (52) of a membrane filter, the housing including a 
first major surface, a second major surface, opposite the first major surface, 
and a thickness, the thickness being defined from the first major surface to the 
second major surface, at a location around a common perimeter of the 
surfaces, and being less than a length and a width of each surface, the length 
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AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT /US2009/063788 

of each surface extending between a fluid inlet (60) and a fluid outlet (62) of 
the filter, the width of each surface extending approximately orthogonal to the 
length, and the clamp comprising: 

a first support wall (14) including a first end and a second end, opposite the 
first end; 

a second support wall (12), opposite the first support wall, including a first, 
terminal end and a second end, opposite the first, terminal end, the second 
end of the second support wall being fixedly and flexibly connected to the first 
end of the first support wall to allow the first, terminal end of the second 
support wall to move toward and away from the first support wall; and 

a locking feature (18) connected to the second end of the first support wall 
and being configured to engage and disengage the first, terminal end of the 
second support wall (12); 

wherein the first support wall has a width (see figure 4), defined from the first 
end thereof to the second end thereof, and the width of the first support wall 
spans the width of the housing of the filter, when the clamp is assembled 
about the housing; 

the first support wall, in proximity to the first end thereof, is spaced apart from 
the second support wall, in proximity to the second end thereof, over a 
distance that spans the thickness of the housing when the clamp is assembled 
around the housing; 

the clamp (10) supports the housing when the clamp is assembled around the 
housing and the locking feature engages the first, terminal end of the second 
support wall (figure 4); 

and the clamp (10) is removable from around the housing when the locking 
feature disengages the first, terminal end of the second support wall. 

Therefore the subject matter of claim 1 is not novel over document 01. 

2.2 Moreover the technical features of claims 2,6,7, 15, 18 and 19 are disclosed by 
the document 01. (infusion system (112) 

2.3 Furthermore the technical features of claims 1 to 1 Oare shown by documents 
02 to 04. 

Document 02: figure 1 to 8, clamp (20), locking feature (46,48) 

Document D3 : figure 1 to 16, clamp (20+22) having a first wall (20) and 
second wall (22), locking feature (39) 

Document 04: figure 1 to 11, clamp (10) having a first wall (4) and second 
wall, locking feature (411) 
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Inventive Step Article 33C3l PCT 

International application No. 

PCT /US2009/063788 

3 The present application does not meet the criteria of Article 33 (1) PCT, 
because the subject-matter of claims 16,17 and 20 does not seem to involve 
an inventive step in the sense of Article 33 (3) PCT. Document 01 is the 
closest prior art. 

The feature of claims 16, 17 and 20 (cabinet) is merely one of several 
straightforward possibilities from which the skilled person would select, in 
accordance with circumstances, without the exercise of inventive skill, in order 
to solve the problem posed. Consequently, the subject-matter of these claims 
also lacks an inventive step. 

Further Comments 

4 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background 
art disclosed in the documents 01- 05 are not mentioned in the description, 
nor are these documents identified therein. 

5 Independent claim 1 is not in the two-part form in accordance with Rule 6.3 
(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document 01) being placed in the 
preamble (Rule 6.3(b)(I) PCT) and with the remaining features being included 
in the characterising part (Rule 6.3(b)(ii) PCT). 

6 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Re Item VIII 

Certain observations on the international application 

Clarity Article 6 PCT 

7 Claim 1 does not meet the requirements of Article 6 PCT in that the matter for 
which protection is sought is not clearly defined. Claim 1 defines a removable 
clamp in combination with a housing of a membrane filter. However this 
housing of a membrane filter is not part of the subject matter of said claim 1. 
Therefore the definition of the subject- matter of said claim 1 is unclear, Article 
6 PCT. 

8 Furthermore, the removable clam·p as defined in claim 1 is a definition of a 
normal clamp, which is already known from the skilled person in the art. 

9 Claim 15 comprises all the features of claim 1 and is therefore not 
appropriately formulated as a claim dependent on the latter (Rule 6.4 PCT). 
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PTOISBl30EFS (07-09) 
Approved for use through 07/3112012. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL 
(Submitted Only via EFS-Web) 

Application 
12137364 I Filing I 2008-06-11 

Docket Number 
56782.1.7 I Art I 3763 Number Date (if applicable) Unit 

First Named 
Stephen E. Hidem 

Examiner 
Jenna Zhang 

Inventor Name 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV 

SUBMISSION REQUIRED UNDER 37 CFR 1.114 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order 
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s) 
entered, applicant must request non-entry of such amendment(s). 

jg] Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a 
submission even if this box is not checked. 

D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

D Other 

D Enclosed 

D Amendment/Reply 

D Information Disclosure Statement (IDS) 

D Affidavit(s)/ Declaration(s) 

D Other 

MISCELLANEOUS 

D 
Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months 
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

D Other 

FEES 

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 
jg] The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to 

Deposit Account No 061910 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

jg] Patent Practitioner Signature 

D Applicant Signature 
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Signature of Registered U.S. Patent Practitioner 

Signature !Charles D. Segelbaumf Date (YYYY-MM-DD} 2011-04-28 

Name Charles D. Segelbaum Registration Number 42138 

This collection of information is required by 37 CFR 1.114. 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 1.11 and 1.14. This collection is 
estimated to take 12 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. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579} requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be 
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b )(2}; (2) furnishing of the information 
solicited is voluntary; and (3} the principal purpose for which the information is used by the U.S. Patent and Trademark Office 
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information 
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a}. Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need 
for the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, 
pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce} directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may 
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an 
application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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Application No.: 

Filed: 

Title: 

Mail Stop AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Stephen E. Hidem 

12/137,364 Group Art Unit: 3763 

June 11, 2008 Examiner: Jenna Zhang 

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED 
MAINTENANCE AND/OR OPERATION AND METHODS OF USE 

AMENDMENT AFTER FINAL 

In response to the Office Action mailed February 4, 2011, please amend the above-identified 

application as set forth below. 

Amendments to the Claims are reflected in the listing of claims beginning on page 2 of this 

paper. Changes are shown with deletions being designated by strike-through or double-brackets 

and insertion of new language being underlined. 

Remarks begin on page 10 of this paper. 
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Advisory Action 
Before the Filing of an Appeal Brief 

Application No. 

121137,364 

Examiner 

JENNA ZHANG 

Applicant(s) 

HIDEM ET AL. 

Art Unit 

3763 

--The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­

THE REPLY FILED 01 April 2011 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 

1. ~ The reply was filed after a final rejection, but prior to or on the same day as filing a Notice of Appeal. To avoid abandonment of 
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no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 
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AMENDMENTS 
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5. D Applicant's reply has overcome the following rejection(s): __ . 

6. D Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment canceling the 
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how the new or amended claims would be rejected is provided below or appended. 
The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed: __ . 
Claim(s) objected to: __ . 
Claim(s) rejected: 1-17. 
Claim(s) withdrawn from consideration: __ . 

AFFIDAVIT OR OTHER EVIDENCE 

8. D The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be entered 
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Continuation of 3. NOTE: The amendment to claim 1 raises new considerations and elemental/operational features/functions and 
therefore change the scope of the applicant's claims and would require further additional search and consideration. Arguments for these 
amended claims are acknowledged but are considered moot because these amendments are not entered. 
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INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED 
MAINTENANCE AND/OR OPERATION AND METHODS OF USE 

AMENDMENT AFTER FINAL 

In response to the Office Action mailed February 4, 2011, please amend the above-identified 

application as set forth below. 

Amendments to the Claims are reflected in the listing of claims beginning on page 2 of this 

paper. Changes are shown with deletions being designated by strike-through or double-brackets 

and insertion of new language being underlined. 

Remarks begin on page 10 of this paper. 
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Amendments to the Claims 
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This listing of claims will replace all prior versions, and listings, of claims in the application: 

Listing of Claims: 

1. (Currently Amended) A method for operating an infusion system, the system comprising an 

eluant reservoir, a pump coupled to the reservoir, an infusion tubing circuit, a radioisotope 

generator, an activity detector, a waste bottle and a computer including a computer interface, the 

infusion tubing circuit including an eluant line coupled to the pump and to the generator, a waste 

line coupled to the generator and to the waste bottle, and a patient line coupled to the generator, 

the method comprising: 

entering, into the computer, via the computer interface, a command to activate the pump in 

order to generate an eluate from a portion of a volume of eluant pumped through the 

generator, via an elution within the generator; 

receiving an indication, from the computer, via the computer interface, that the elution is 

completed, when the pump has completed pumping the portion of the volume of eluant; 

and 

receiving an indication, from the computer, via the computer interface, a display of time 

lapsed since the elution was completed. 

2. (Original) The method of claim 1, further comprising: 

entering, into the computer, via a computer interface, the volume of eluant contained in the 

reservoir, prior to the elution; and 

receiving, from the computer interface, an indication of a volume of eluant in the reservoir, 

based upon tracking the portion of the volume of eluant that is pumped from the 

reservoir. 
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3. (Previously Presented) The method of claim 1, further comprising: 
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coupling the patient line of the infusion tubing circuit to a first shielded test vial, in order to 

collect a first sample of the eluate from the patient line during the elution; 

measuring an activity of the first sample; and 

entering into the computer, via the computer interface, the measured activity of the first 

sample and a time between completion of the elution and the measuring of the activity, 

the computer calculating a breakthrough of the generator. 

4. (Original) The method of claim 3, further comprising: 

selecting a breakthrough test procedure of the computer, via the computer interface, prior to 

entering the command to activate the pump; and 

wherein coupling the patient line to the first shielded test vial is instructed by the computer 

interface, after selecting the breakthrough test. 

5. (Previously Presented) The method of claim 3, further comprising: 

exchanging the patient line of the infusion tubing circuit for a first new patient line, after 

collecting the first sample; 

coupling the first new patient line to a second shielded test vial; 

repeating the steps of claim 1, after exchanging the patient line, wherein the pump is 

activated a second time and a second elution takes place, in order to fill the second vial 

with a second sample of the eluate from the first new patient line; 

measuring an activity of the second sample; and 

entering into the computer, via the computer interface, the measured activity of the second 

sample and a time between completion of the second elution and the measuring of the 

activity of the second sample, the computer calculating a calibration coefficient for the 

infusion system based on the measured activity of the second sample and an activity of 

the eluate detected, during the second elution, by the activity detector of the system. 
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6. (Original) The method of claim 5, further comprising: 
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selecting a calibration procedure of the computer, via the computer interface, prior to 

entering the command to activate the pump for the second time; and 

wherein coupling the first new patient line to the second shielded test vial is instructed by the 

computer interface, after selecting the calibration procedure. 

7. (Original) The method of claim 5, further comprising: 

exchanging the first new patient line of the infusion tubing circuit for a second new patient 

line, after the computer calculates the calibration coefficient; 

purging air from the second patient line; 

coupling the second new patient line to a patient, after purging; and 

repeating the steps of claim 1, after exchanging the first new patient line for the second new 

patient line, wherein the pump is activated a third time and a third elution takes place, in 

order to inject a dose of the eluate to the patient from the second patient line. 

8. (Original) The method of claim 7, further comprising receiving a report from the computer, 

upon completion of the third elution, the report including a patient identification number and at 

least one quantification of the dose of the eluate. 

9. (Previously Presented) The method of claim 1, further comprising: 

coupling the patient line to a shielded test vial in order to collect a sample of the eluate from 

the patient line during the elution; 

measuring an activity of the sample; and 

entering into the computer, via the computer interface, the measured activity of the sample 

and a time between completion of the elution and measuring of the activity, the computer 

calculating a calibration coefficient for the infusion system based on the measured 

activity and an activity of the eluate detected, during elution, by the activity detector of 

the system. 
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10. (Original) The method of claim 9, further comprising: 
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selecting a calibration procedure of the computer, via the computer interface, prior to 

entering the command to activate the pump; and 

wherein coupling the patient line to the shielded test vial is instructed by the computer 

interface, after selecting the calibration procedure. 

11. (Original) The method of claim 1, further comprising: 

purging air from the patient line; 

coupling the patient line to a patient, after purging, in order to inject a dose of the eluate to 

the patient from the patient line; and 

receiving a report from the computer, upon completion of the elution, the report including a 

patient identification number and at least one quantification of the dose of the eluate. 

12. (Original) The method of claim 1, wherein the computer interface comprises a touch­

activated display screen. 

13. (Original) The method of claim 1, further comprising: 

receiving an indication, from the system, that the eluate is being diverted, from the generator, 

through the waste line of the infusion tubing circuit, when the pump is activated; 

receiving an indication, from the system, that the eluate is being diverted from the generator, 

through the patient line of the infusion tubing circuit, when the pump is activated; 

14. (Original) The method of claim 13, wherein: 

the system further comprises a light projector; 

the indication that the eluate is being diverted through the waste line comprises a flashing 

light projection from the light projector; and 

the indication that the eluate is being diverted through the patient line comprises a solid light 

projection from the light projector. 
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15. (Original) The method of claim 13, further comprising receiving an indication from the 

system that a peak bolus of radioactivity has been detected, in the eluate, by the activity detector. 

16. (Original) The method of claim 15, wherein: 

the system further comprises a light projector; and 

the indication that the peak bolus of radioactivity has been detected comprises a flashing light 

from the light projector. 

17. (Original) The method of claim 1, further comprising: 

entering, into the computer, via the computer interface, a command to set a waste bottle level 

indicator to zero, when the waste bottle is empty and prior to entering the command to 

activate the pump; and 

receiving, from the computer, via the computer interface, an indication that the waste bottle 

needs to be emptied, based upon the computer tracking a volume of the eluate that is 

diverted, from the generator, through the waste line of the infusion tubing circuit. 

18. (Withdrawn) A computer readable medium having computer executable instructions for 

executing a method for maintaining an infusion system, the method comprising: 

receiving, via a graphical user interface, a volume of eluant contained in a reservoir of the 

infusion system prior to activating a pump of the infusion system to pump a portion of the 

volume of eluant through a radioisotope generator of the system in order to generate, via 

elution, an eluate; 

tracking the portion of the volume of eluant that is pumped from the reservoir; 

providing an indication of a volume of eluant within the reservoir; and 

tracking a volume of the eluate that is diverted from the generator to the waste bottle; 

providing an indication that the waste bottle needs to be emptied. 
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19. (Withdrawn) The computer readable medium of claim 18, further including receiving, via 

the graphical user interface, a command to set a waste bottle level indicator to zero when the 

waste bottle is empty. 

20. (Withdrawn) A computer readable medium having computer executable instructions for 

executing a method of calibrating an activity detector of an infusion system, the method 

compnsmg: 

receiving a calibration command; 

receiving calibration parameters relating to an elution process; 

activating a pump of the infusion system to initiate the elution process, the elution process 

producing a sample of an eluate; 

tracking a time from the end of the elution process; 

receiving from the activity detector of the infusion system an activity level detected during 

the elution process; 

receiving a measured activity level of the eluate sample obtained from a dose calibrator; 

receiving a time measured from the completion of the elution process to the measurement of 

the activity level by the dose calibrator; 

calculating a calibration coefficient for the infusion system based on the measured activity 

level of the eluate sample and activity level detected during the elution process; and 

providing the calibration coefficient as an output. 

21. (Withdrawn) A computer readable medium having computer executable instructions for 

executing a method of conducting a breakthrough test of a radioisotope generator of an infusion 

system, the method comprising: 

receiving a breakthrough test command; 

activating a pump of the infusion system to initiate an elution process, the elution process 

using the generator to produce a sample of an eluate from a patient line; 

tracking a time lapsed from the end of the elution process; 

receiving a measured activity level of the eluate sample obtained from a dose calibrator; 
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receiving a time measured from the completion of the elution process to the measurement of 

the activity level by the dose calibrator; 

calculating a breakthrough of the radioisotope generator based on the measured activity level 

and the time between completion of the elution process and the measuring of the activity 

level; and 

providing the breakthrough of the generator as an output. 

22. (Withdrawn) The computer readable medium of claim 21, further comprising: 

receiving a second measured activity level of the eluate sample obtained from a dose 

calibrator, the second measured activity level being a measurement taken at 

predetermined time period after the completion of the elution process. 

23. (Withdrawn) The computer readable medium of claim 21, wherein the predetermined time 

period is 60 minutes after completion of the elution process. 

24. (Withdrawn) A method for purging a tubing circuit of an infusion system with air, the 

system comprising a pump coupled to the tubing circuit, a radioisotope generator, a waste bottle 

and a computer including a computer interface, the method comprising: 

receiving instructions from the computer, via the computer interface, to disconnect the pump 

from an eluant reservoir of the system, and to by-pass the generator by disconnecting an 

eluant line and an eluate line, of the tubing circuit, from the generator, and connecting the 

eluant line to the eluate line; and 

entering, into the computer, via the computer interface, a command to perform an air purge 

of the tubing circuit, the air purge being automated, via the computer, to perform purges 

of individual portions of the tubing circuit, in sequence, via control of the pump and of 

two divergence valves of the tubing circuit; 

wherein a first valve, of the two divergence valves, is located between a first portion of the 

eluate line and two downstream portions of the eluate line, a first of the two downstream 
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portions extending to a waste bottle of the system and a second of the two downstream 

portions extending to a vial outside the system; 

a second valve, of the two divergence valves, is located between a first portion of the eluant 

line, extending from the pump, and two downstream portions of the eluant line, a first of 

the two downstream portions of the eluant line being connected to the first portion of the 

eluate line, and a second of the two downstream portions of the eluant line being 

connected to the second of the two downstream portions of the eluate line. 
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Remarks 
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This communication responds to the Office Action mailed February 4, 2011 for the 

application captioned above. The following remarks are respectfully submitted 

§103 Rejection 

Claims 1, 2, 9, and 11 stand rejected under 35 U.S.C. 103(a) as being unpatentable over 

Bergner (US Pat. No. 4,585,941). 

Claims 3-8 stand rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner 

(US Pat. No. 4,585,941) in view of Gerhart (US Pat. No. 3,774,036). 

Claim 12 stands rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner (US 

Pat. No. 4,585,941) in view of Graves et al. (US Pat. No. 7,163,031 B2). 

Claim 17 stands rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner (US 

Pat. No. 4,585,941) in view of Agarwal et al (US Pat. No. 4,096,859). 

In the Office Action, the Examiner rejects claims 1-3, 9, and 11 are rejected under 35 

USC §103(a) based on Bergner. With respect to claim 1, the Examiner contends that Bergner 

discloses the elements of the claim, including "receiving an indication, from the computer, via 

the computer interface, of time lapsed since the elution was completed." Although Applicant 

respectfully disagrees, Applicant has amended claim 1 to clarify the invention. In light of the 

amendment to claim 1, Applicant requests reconsideration. As amended, this limitation now 

reads, "receiving from the computer, via the computer interface, a display of time lapsed since 

the elution was completed." 

In support of the rejection of claim 1, the Examiner cites to col. 4, line 7 to col. 6, line 19. 

Applicant has reviewed Bergner and does not see such an indication. This portion of Bergner 

references and describes Figs. 2-4. 

Fig. 2, which is copied below for ease of reference, shows the front panel of the infusion 

pump controller 60. As may be seen from this panel, it does not provide a display of time lapsed 

since the elution was completed. Instead, it shows information such as the total volume 74, 
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volume eluted 76, an LED 82 that lights when the end of travel of the plunger is indicated. No 

mention is made of time after elution is completed. 
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Fig. 3, which is copied below for ease of reference, shows front view of the dosimetry 

control used with the strontium-rubidium infusion system. As may be seen from this panel, it 

does not provide a display of time lapsed since the elution was completed. Instead, it shows 

information such as the volume to be infused 94, the volume of eluate which has been infused 

96, the total dose to be infused 98, the total dose which has been infused 100, the dose rate 102, 

the actual dose rate present 104, the flow rate 112. No mention is made of time after elution is 

completed. 

62 
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Fig. 4, which is copied below for ease of reference, provides an explanatory graph of 

radioactivity measured (on the y-axis) by the dosimeter probe versus time (on the x-axis). This 

graph is used for explanatory purposes; it is not information displayed to a user. It is not 

information received from a computer interface. In addition, the information displayed in the 

graph is merely an indication of a typical dosage level over time, stopping when the elution 

stops. It does not track the time after the elution stops nor is it intended to display any such 

information to a user. 
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In the Office Action, the Examiner combines Bergner with Gerhart, Graves, or Agarwal 

in rejecting other pending claims. Gerhart, Graves, or Agarwal also fail to disclose the limitation 

from independent claim 1 of "receiving an indication, from the computer, via the computer 

interface, of time lapsed since the elution was completed." 

Graves discloses an automated bulk dispensing system that includes an eluate shield or 

pig and/or recipient shield or pig that has been disassembled and a second container, e.g., eluate 

vial, or recipient container, e.g., recipient vial. (See, e.g., Fig. 5). Gerhart does not disclose "a 

display of time lapsed since the elution was completed." 

Gerhart discloses a method and apparatus for generating and maintaining an available 

supply of a radioactive eluate with at least a minimum level of activity. Gerhart does not appear 

to mention a computer, a computer interface, or a display of time lapsed since the elution was 

completed. 

Agarwal discloses an apparatus for peritoneal dialysis. Agarwal does not disclose an 

elution process. 
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Accordingly, since none of the references cited by the Examiner in the Office Action 

discloses "receiving from the computer, via the computer interface, a display of time lapsed since 

the elution was completed," as required by claim 1, Applicant submits that the rejection of claim 

1 and its associated dependent claims should be withdrawn. 

In view of the foregoing, it is submitted that this application is in condition for allowance. 

Favorable consideration and prompt allowance of the application is respectfully requested. 

Applicant believes no fee is due to enter the present Amendment. The Commissioner is hereby 

authorized to charge any additional filing fees required to Deposit Account No. 061910. The 

Examiner is invited to telephone the undersigned if the Examiner believes it would be useful to 

advance prosecution. 

Dated: April l, 2011 

Fredrikson & Byron, P.A. 
200 South Sixth Street, Suite 4000 
Minneapolis, MN 55402-1425 USA 
Facsimile: (612) 492-7077 

Respectfully submitted, 

/Charles D. Segelbaum/ 
Charles D. Segelbaum 
Reg. No. 42,138 
(612) 492-7115 

Please grant any extension of time necessary for entry; charge any fee due to Deposit Account No. 06-1910. 
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z AMENDMENT PAID FOR 
w 

Total (37 CFR :;:;;: 
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w (37 CFR 1 .16(h)) 
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z D Application Size Fee (37 CFR 1.16(s)) w 
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TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. Legal Instrument Examiner: 
**If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /BURNELL L. ROSS/ 
***If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 .14. This collection is estimated to take 12 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 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Application No. Applicant(s) 

12/137,364 HIDEM ET AL. 

Office Action Summary Examiner Art Unit 

JENNA ZHANG 3763 

-- 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 ;J. 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 )IZ! Responsive to communication(s) filed on 03 Januarv 2011. 

2a)IZ! This action is FINAL. 2b)0 This action is non-final. 

3)0 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 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 1-17is/are pending in the application. 

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

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-17is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1 O)IZ! The drawing(s) filed on 24 October 2008 is/are: a)IZ! accepted or b)O 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 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 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) [8J Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20110130 
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1. In response to the Amendments filed on January 3, 2011, claims 3, 5, and 9 are 

amended. Currently, claims 1-17 are pending. 

Election/Restrictions 

2. Claims 18-24 are withdrawn from further consideration pursuant to 37 CFR 

1.142(b) as being drawn to a nonelected Inventions, there being no allowable generic or 

linking claim. Election was made without traverse in the reply filed on January 3, 2011. 

Claim Rejections - 35 USC § 112 

3. The amendments to claims 3, 5, and 9 are accepted and are considered 

sufficient to overcoming the previous 35 U.S.C. 112, second paragraph, rejections to 

claims 3, 5, and 9, which are hereby withdrawn. 

Claim Rejections - 35 USC § 103 

4. 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. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 
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2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

5. This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

6. Claims 1, 2, 9, and 11 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Bergner (US Pat. No. 4,585,941 ). 

Regarding claim 1, Bergner teaches a method for operating an infusion system, 

the system comprising: an eluant reservoir, a pump (64) coupled to the reservoir, an 

infusion tubing circuit (Fig. 1 ), a radioisotope generator (28), an activity detector (58), a 

waste bottle (42) and a computer (60, 62) including a computer interface, the infusion 

tubing circuit including an eluant line coupled to the pump and to the generator, a waste 

line coupled to the generator and to the waste bottle, and a patient line coupled to the 

generator (col. 3, line 23 until col. 4, line 53; Fig. 1 ), the method comprising: 
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entering, into the computer, via the computer interface, a command to 

activate the pump in order to generate an eluate from a portion of a volume of 

eluant pumped through the generator, via an elution within the generator; 

receiving an indication, from the computer, via the computer interface, that 

the elution is completed, when the pump has completed pumping the portion of 

the volume of eluant; and 

receiving an indication, from the computer, via the computer interface, of 

time lapsed since the elution was completed (col. 4, line 7 until col. 6, line 19). 

Regarding claim 2, Bergner teaches entering, into the computer (60, 62), via a 

computer interface, the volume of eluant contained in the reservoir, prior to the elution; 

and receiving, from the computer interface, an indication of a volume of eluant in the 

reservoir, based upon tracking the portion of the volume of eluant that is pumped from 

the reservoir (col. 4, line 4 until col. 5, line 32). 

Regarding claim 9, Bergner teaches coupling the patient line to a shielded test 

vial in order to collect a sample of the eluate from the patient line during the elution; 

measuring an activity of the sample; and entering into the computer, via the computer 

interface, the measured activity of the sample and a time between completion of the 

elution and measuring of the activity, so that the computer may calculate a calibration 

coefficient for the infusion system based on the measured activity and an activity of the 

eluate detected, during elution, by the activity detector of the system (col. 6, line 21 until 

col. 9, line 48). 
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Regarding claim 10, Bergner teaches selecting a calibration procedure of the 

computer, via the computer interface, prior to entering the command to activate the 

pump (col. 4, line 26 until col. 9, line 48) but does not teach that the step of coupling the 

patient line to the shielded test vial is instructed by the computer interface, after 

selecting the calibration procedure. However, it would have been obvious to one of 

ordinary skill in the art at the time of the invention to modify the device of Bergner so 

that the controllers 60, 62 would notify the user to perform the step of coupling the 

patient line to the shielded test vial for an automated reminder to the user to increase 

the safety of the treatment. 

Regarding claim 11, Bergner teaches purging air from the patient line; coupling 

the patient line to a patient, after purging, in order to inject a dose of the eluate to the 

patient from the patient line; and receiving a report from the computer, upon completion 

of the elution, the report including a patient identification number and at least one 

quantification of the dose of the eluate (col. 3, line 63 until col. 4, line 6 and lines 36-53; 

col. 6, lines 1-19). 

Regarding claims 13-16, Bergner teaches 

receiving an indication, from the system, that the eluate is being diverted, 

from the generator, through the waste line of the infusion tubing circuit, when the 

pump is activated; and receiving an indication, from the system, that the eluate is 

being diverted from the generator, through the patient line of the infusion tubing 

circuit, when the pump is activated (col. 5, lines 8-24); 
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receiving an indication from the system that a peak bolus of radioactivity 

has been detected, in the eluate, by the activity detector (col. 7, line 1 until col. 9, 

line 47); and 

wherein the system further comprises a light projector (104, 96, 100, 108; 

col. 9, line 49 until col. 10, line 11); 

Although Bergner teaches the use of flashing and solid light projections from the light 

projector (106, 108) as alerting notifications (col. 11, line 46 until col. 12, line 29), 

Bergner does not teach that the indication that the eluate is being diverted through the 

waste line is a flashing light projection, the indication that the eluate is being diverted 

through the patient line comprises a solid light projection from the light projector, and 

the indication that the peak bolus of radioactivity has been detected comprises a 

flashing light from the light projector. However, it would have been obvious to one of 

ordinary skill in the art at the time of the invention to modify the device of Bergner with 

the use of flashing and solid light projections as the indication that the eluate is being 

diverted through the waste line is a flashing light projection, the indication that the eluate 

is being diverted through the patient line comprises a solid light projection, and the 

indication that the peak bolus of radioactivity has been detected comprises a flashing 

light from the light projector, to provide a notification that alerts the user. 

7. Claims 3-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Bergner (US Pat. No. 4,585,941) in view of Gerhart (US Pat. No. 3,774,036). 
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Regarding claim 3, Bergner teaches coupling the patient line of the infusion 

tubing circuit to a first shielded test vial, in order to collect a first sample of the eluate 

from the patient line during the elution; measuring an activity of the first sample; and 

entering into the computer, via the computer interface, the measured activity of the first 

sample and a time between completion of the elution and the measuring of the activity 

(col. 3, line 55 until col. 5, line 68). However, Bergner does not teach method step of the 

computer calculating a breakthrough of the generator as required by the amended 

instant claim. It is noted that Gerhart teaches that breakthrough testing is performed to 

ensure the safety of a radioactive treatment dosage (col. 2, lines 27-39). Therefore, it 

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

modify the method of Bergner with a breakthrough test procedure as taught by Gerhart 

to ensure the safety level of the treatment. Furthermore, it would have been obvious to 

one of ordinary skill in the art at the time of the invention to modify the device of Bergner 

so that the controllers 60, 62 perform the breakthrough test to calculate a breakthrough 

of the generator since the controllers 60, 62 controls the operations of the device of 

Bergner. 

Regarding claim 4, Bergner does not teach selecting a breakthrough test 

procedure of the computer, via the computer interface, prior to entering the command to 

activate the pump; and wherein coupling the patient line to the first shielded test vial is 

instructed by the computer interface, after selecting the breakthrough test. However, as 

explained for claim 3 above, Bergner in view of Gerhart teaches performing a 

breakthrough test procedure prior to entering the command to activate the pump to 
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ensure the safety level of the treatment. Furthermore, it would have been obvious to 

one of ordinary skill in the art at the time of the invention to modify the device of Bergner 

so that the controllers 60, 62 would notify the user to perform the step of coupling the 

patient line to the shielded test vial for an automated reminder to the user to increase 

the safety of the treatment. Hence, the modified method of Bergner in view of Gerhart 

discloses selecting a breakthrough test procedure of the computer, via the computer 

interface, prior to entering the command to activate the pump; and wherein coupling the 

patient line to the first shielded test vial is instructed by the computer interface, after 

selecting the breakthrough test. 

Regarding claim 6, the modified method of Bergner further teaches selecting a 

calibration procedure of the computer, via the computer interface, prior to entering the 

command to activate the pump for the second time; and wherein coupling the first new 

patient line to the second shielded test vial is instructed by the computer interface, after 

selecting the calibration procedure, as set forth for claim 10 (col. 6, line 21 until col. 9, 

line 48). 

Regarding claims 5 and 7, Bergner further teaches repeating the steps of claim 

1, wherein the pump is activated a second time and a second elution takes place, in 

order to fill the second vial with a second sample of the eluate from the first new patient 

line; measuring an activity of the second sample; and entering into the computer, via the 

computer interface, the measured activity of the second sample and a time between 

completion of the second elution and the measuring of the activity of the second 

sample, so that the computer may calculate a calibration coefficient for the infusion 
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system based on the measured activity of the second sample and an activity of the 

eluate detected, during the second elution, by the activity detector of the system. 

Bergner also teaches purging air from the second patient line; and repeating the steps 

of claim 1, wherein the pump is activated a third time and a third elution takes place, in 

order to inject a dose of the eluate to the patient from the second patient line (col. 6, line 

21 until col. 9, line 48). 

Regarding claim 8, Bergner further teaches receiving a report from the 

computer, upon completion of the third elution, the report including a patient 

identification number and at least one quantification of the dose of the eluate (col. 5, 

lines 41-68 and col. 9, line 49 until col. 10, line 11 ). 

8. Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner 

(US Pat. No. 4,585,941) in view of Graves et al (US Pat. No. 7, 163,031 B2). 

Regarding claim 12, Bergner teaches the use of displays but does not teach a 

touch-activated display screen. However, it is noted that Graves et al teaches the use 

of a touch screen electronic display screen for inputting and outputting into a computer 

for a radiopharmaceutical delivery device (col. 4, line 53 until col. 5, line 2). Therefore, it 

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

modify the device of Bergner with using a system that has a touch-activated display 

screen as disclosed by Graves et al to consolidate the number of components required 

for inputting and outputting commands and notifications in an infusion device. 
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9. Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner 

(US Pat. No. 4,585,941) in view of Agarwal et al (US Pat. No. 4,096,859). 

Regarding claim 17, Bergner teaches the use of a waste bottle and tracking the 

waste level to determine the trigger point (col. 10, lines 12-68) but does not explicitly 

teach entering, into the computer, via the computer interface, a command to set a waste 

bottle level indicator to zero, when the waste bottle is empty and prior to entering the 

command to activate the pump; and receiving, from the computer, via the computer 

interface, an indication that the waste bottle needs to be emptied, based upon the 

computer tracking a volume of the eluate that is diverted, from the generator, through 

the waste line of the infusion tubing circuit. However, Agarwal et al teaches a medical 

delivery device with a waste container in which a controller tracks the waste level to 

alert the user to empty the waste container (col. 5, line 38 until col. 6, line 36). It would 

have been obvious to one of ordinary skill in the art at the time of the invention to modify 

the method of Bergner with the steps of setting initial waste bottle level to zero when the 

bottle is empty and tracking the waste bottle level so that an alert is given to the user 

that the waste bottle is full and needs to be emptied as taught by Agarwal et al, to 

prevent overflowing of waste from the waste bottle. 

It is noted that the modified method of Bergner and Agarwal et al teaches 

entering, into the computer, via the computer interface, a command to set a waste bottle 

level indicator to zero, when the waste bottle is empty and prior to entering the 

command to activate the pump; and receiving, from the computer, via the computer 

interface, an indication that the waste bottle needs to be emptied, based upon the 
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computer tracking a volume of the eluate that is diverted, from the generator, through 

the waste line of the infusion tubing circuit 

Response to Arguments 

10. Applicant's arguments filed January 3, 2011 have been fully considered but they 

are not persuasive. 

Applicant argues that Bergner does not disclose the limitation of "receiving an 

indication, from the computer, via the computer interface, of time lapsed since the 

elution was completed." However, the Examiner respectfully disagrees. It is noted that 

total volume 74, volume eluted 76, volume to be infused 94, volume of eluate infused 

96, total dose to be infused 98, total dose infused 100, dose rate 102, actual dose rate 

104, and the flow rate 112 are all indicators that can be used to determine the time 

elapsed since the elution was completed, since the radioactive decay of Rubidium-82 is 

known. For example, one of ordinary skill in the art can use the volume infused 100, an 

indicator from the computer, to determine the time lapsed since elution was completed 

using the known half life of the radioactive element. 

Furthermore, in response to applicant's argument that the references fail to show 

certain features of applicant's invention, it is noted that the features upon which 

applicant relies (i.e., receiving the actual time lapse since elution was completed and 

displaying this time after elution stops) are not recited in the rejected claim(s). Although 

the claims are interpreted in light of the specification, limitations from the specification 
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are not read into the claims. See In re Van Geuns, 988 F.2d 1181, 26 USPQ2d 1057 

(Fed. Cir. 1993). 

In response to applicant's arguments that Gerhart does not teach of a computer, 

a computer interface, or a receipt of a time lapsed since an elution was completed, it is 

noted Bergner teaches a computer (60, 62) with a computer interface and receiving an 

indication, from the computer, via the computer interface, of time lapsed since the 

elution was completed. Gerhart discloses the feature of using of breakthrough testing to 

ensure the safety level of radioactive treatment dosage but the combination of Bergner 

in view of Gerhart discloses a computer with a computer interface that performs a 

breakthrough test and receiving an indication, from the computer, via the computer 

interface, of time lapsed since the elution was completed. 

In response to applicant's arguments that Graves does not teach of the step of 

receiving an indication, from the computer, via the computer interface, of time lapsed 

since the elution was completed, it is noted Bergner teaches receiving an indication, 

from the computer, via the computer interface, of time lapsed since the elution was 

completed, as explained above. Graves discloses an automated dispensing system for 

radiopharmaceutical delivery, wherein the system includes a touch screen electronic 

display for inputting and outputting into a computer. Therefore, Grave teaches a feature 

of consolidating the components required for inputting and outputting commands and 

notifications in an infusion device such as the individual LED displays and switches of 

Bergner into a touch screen electronic display screen. The combination of Bergner in 

view of Graves discloses the device having a touch-activated display screen and 
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receiving an indication, from the computer, via the computer interface, of time lapsed 

since the elution was completed. 

In response to applicant's arguments that Agarwal does not teach of an elution 

process, it is noted Bergner teaches an elution process for a radiopharmaceutical 

delivery device that includes a waste bottle and tracking the waste level. It is noted that 

Agarwal discloses an automated medical delivery device with a waste container and a 

controller tracking the waste level to alert the user to empty the waste container. 

Therefore, the combination of Bergner in view of Agarwal discloses an elution process 

with the features for waste management. 

Conclusion 

11. Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). 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 
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the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

12. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JENNA ZHANG whose telephone number is (571 )270-

5369. The examiner can normally be reached on Monday-Thursday 8AM - 5PM. 

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

supervisor, Nicholas Lucchesi can be reached on 571-272-4977. The fax phone 

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

273-8300. 

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. 

/J. Z./ 
Examiner, Art Unit 3763 
1/31/11 

/Nicholas D Lucchesi/ 
Supervisory Patent Examiner, Art 
Unit 3763 
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22859 
Customer Number 

Patent 
Case No.: 56782.1.7 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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Title: 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Stephen E. Hidem 

12/137,364 Group Art Unit: 3763 

June 11, 2008 Examiner: Jenna Zhang 

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED 
MAINTENANCE AND/OR OPERATION AND METHODS OF USE 

AMENDMENT 

In response to the Office Action mailed October 5, 2010, please amend the above-identified 

application as set forth below. 

Amendments to the Claims are reflected in the listing of claims beginning on page 2 of this 

paper. Changes are shown with deletions being designated by strike-through or double-brackets 

and insertion of new language being underlined. 

Remarks begin on page 10 of this paper. 
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Amendments to the Claims 

Application No. 12/137,364 
Page 2of14 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

Listing of Claims: 

1. (Original) A method for operating an infusion system, the system comprising an eluant 

reservoir, a pump coupled to the reservoir, an infusion tubing circuit, a radioisotope generator, an 

activity detector, a waste bottle and a computer including a computer interface, the infusion 

tubing circuit including an eluant line coupled to the pump and to the generator, a waste line 

coupled to the generator and to the waste bottle, and a patient line coupled to the generator, the 

method comprising: 

entering, into the computer, via the computer interface, a command to activate the pump in 

order to generate an eluate from a portion of a volume of eluant pumped through the 

generator, via an elution within the generator; 

receiving an indication, from the computer, via the computer interface, that the elution is 

completed, when the pump has completed pumping the portion of the volume of eluant; 

and 

receiving an indication, from the computer, via the computer interface, of time lapsed since 

the elution was completed. 

2. (Original) The method of claim 1, further comprising: 

entering, into the computer, via a computer interface, the volume of eluant contained in the 

reservoir, prior to the elution; and 

receiving, from the computer interface, an indication of a volume of eluant in the reservoir, 

based upon tracking the portion of the volume of eluant that is pumped from the 

reservoir. 
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3. (Currently amended) The method of claim 1, further comprising: 

Application No. 12/137,364 
Page 3of14 

coupling the patient line of the infusion tubing circuit to a first shielded test vial, in order to 

collect a first sample of the eluate from the patient line during the elution; 

measuring an activity of the first sample; and 

entering into the computer, via the computer interface, the measured activity of the first 

sample and a time between completion of the elution and the measuring of the activity, se 

that the computer may calculate calculating a breakthrough of the generator. 

4. (Original) The method of claim 3, further comprising: 

selecting a breakthrough test procedure of the computer, via the computer interface, prior to 

entering the command to activate the pump; and 

wherein coupling the patient line to the first shielded test vial is instructed by the computer 

interface, after selecting the breakthrough test. 

5. (Currently amended) The method of claim 3, further comprising: 

exchanging the patient line of the infusion tubing circuit for a first new patient line, after 

collecting the first sample; 

coupling the first new patient line to a second shielded test vial; 

repeating the steps of claim 1, after exchanging the patient line, wherein the pump is 

activated a second time and a second elution takes place, in order to fill the second vial 

with a second sample of the eluate from the first new patient line; 

measuring an activity of the second sample; and 

entering into the computer, via the computer interface, the measured activity of the second 

sample and a time between completion of the second elution and the measuring of the 

activity of the second sample, so that the computer may calculate calculating a calibration 

coefficient for the infusion system based on the measured activity of the second sample 

and an activity of the eluate detected, during the second elution, by the activity detector 

of the system. 
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6. (Original) The method of claim 5, further comprising: 

Application No. 12/137,364 
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selecting a calibration procedure of the computer, via the computer interface, prior to 

entering the command to activate the pump for the second time; and 

wherein coupling the first new patient line to the second shielded test vial is instructed by the 

computer interface, after selecting the calibration procedure. 

7. (Original) The method of claim 5, further comprising: 

exchanging the first new patient line of the infusion tubing circuit for a second new patient 

line, after the computer calculates the calibration coefficient; 

purging air from the second patient line; 

coupling the second new patient line to a patient, after purging; and 

repeating the steps of claim 1, after exchanging the first new patient line for the second new 

patient line, wherein the pump is activated a third time and a third elution takes place, in 

order to inject a dose of the eluate to the patient from the second patient line. 

8. (Original) The method of claim 7, further comprising receiving a report from the computer, 

upon completion of the third elution, the report including a patient identification number and at 

least one quantification of the dose of the eluate. 

9. (Currently amended) The method of claim 1, further comprising: 

coupling the patient line to a shielded test vial in order to collect a sample of the eluate from 

the patient line during the elution; 

measuring an activity of the sample; and 

entering into the computer, via the computer interface, the measured activity of the sample 

and a time between completion of the elution and measuring of the activity, so that the 

computer may calculate calculating a calibration coefficient for the infusion system based 

on the measured activity and an activity of the eluate detected, during elution, by the 

activity detector of the system. 
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10. (Original) The method of claim 9, further comprising: 

Application No. 12/137,364 
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selecting a calibration procedure of the computer, via the computer interface, prior to 

entering the command to activate the pump; and 

wherein coupling the patient line to the shielded test vial is instructed by the computer 

interface, after selecting the calibration procedure. 

11. (Original) The method of claim 1, further comprising: 

purging air from the patient line; 

coupling the patient line to a patient, after purging, in order to inject a dose of the eluate to 

the patient from the patient line; and 

receiving a report from the computer, upon completion of the elution, the report including a 

patient identification number and at least one quantification of the dose of the eluate. 

12. (Original) The method of claim 1, wherein the computer interface comprises a touch­

activated display screen. 

13. (Original) The method of claim 1, further comprising: 

receiving an indication, from the system, that the eluate is being diverted, from the generator, 

through the waste line of the infusion tubing circuit, when the pump is activated; 

receiving an indication, from the system, that the eluate is being diverted from the generator, 

through the patient line of the infusion tubing circuit, when the pump is activated; 

14. (Original) The method of claim 13, wherein: 

the system further comprises a light projector; 

the indication that the eluate is being diverted through the waste line comprises a flashing 

light projection from the light projector; and 

the indication that the eluate is being diverted through the patient line comprises a solid light 

projection from the light projector. 
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15. (Original) The method of claim 13, further comprising receiving an indication from the 

system that a peak bolus of radioactivity has been detected, in the eluate, by the activity detector. 

16. (Original) The method of claim 15, wherein: 

the system further comprises a light projector; and 

the indication that the peak bolus of radioactivity has been detected comprises a flashing light 

from the light projector. 

17. (Original) The method of claim 1, further comprising: 

entering, into the computer, via the computer interface, a command to set a waste bottle level 

indicator to zero, when the waste bottle is empty and prior to entering the command to 

activate the pump; and 

receiving, from the computer, via the computer interface, an indication that the waste bottle 

needs to be emptied, based upon the computer tracking a volume of the eluate that is 

diverted, from the generator, through the waste line of the infusion tubing circuit. 

18. (Withdrawn) A computer readable medium having computer executable instructions for 

executing a method for maintaining an infusion system, the method comprising: 

receiving, via a graphical user interface, a volume of eluant contained in a reservoir of the 

infusion system prior to activating a pump of the infusion system to pump a portion of the 

volume of eluant through a radioisotope generator of the system in order to generate, via 

elution, an eluate; 

tracking the portion of the volume of eluant that is pumped from the reservoir; 

providing an indication of a volume of eluant within the reservoir; and 

tracking a volume of the eluate that is diverted from the generator to the waste bottle; 

providing an indication that the waste bottle needs to be emptied. 
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19. (Withdrawn) The computer readable medium of claim 18, further including receiving, via 

the graphical user interface, a command to set a waste bottle level indicator to zero when the 

waste bottle is empty. 

20. (Withdrawn) A computer readable medium having computer executable instructions for 

executing a method of calibrating an activity detector of an infusion system, the method 

compnsmg: 

receiving a calibration command; 

receiving calibration parameters relating to an elution process; 

activating a pump of the infusion system to initiate the elution process, the elution process 

producing a sample of an eluate; 

tracking a time from the end of the elution process; 

receiving from the activity detector of the infusion system an activity level detected during 

the elution process; 

receiving a measured activity level of the eluate sample obtained from a dose calibrator; 

receiving a time measured from the completion of the elution process to the measurement of 

the activity level by the dose calibrator; 

calculating a calibration coefficient for the infusion system based on the measured activity 

level of the eluate sample and activity level detected during the elution process; and 

providing the calibration coefficient as an output. 

21. (Withdrawn) A computer readable medium having computer executable instructions for 

executing a method of conducting a breakthrough test of a radioisotope generator of an infusion 

system, the method comprising: 

receiving a breakthrough test command; 

activating a pump of the infusion system to initiate an elution process, the elution process 

using the generator to produce a sample of an eluate from a patient line; 

tracking a time lapsed from the end of the elution process; 

receiving a measured activity level of the eluate sample obtained from a dose calibrator; 
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receiving a time measured from the completion of the elution process to the measurement of 

the activity level by the dose calibrator; 

calculating a breakthrough of the radioisotope generator based on the measured activity level 

and the time between completion of the elution process and the measuring of the activity 

level; and 

providing the breakthrough of the generator as an output. 

22. (Withdrawn) The computer readable medium of claim 21, further comprising: 

receiving a second measured activity level of the eluate sample obtained from a dose 

calibrator, the second measured activity level being a measurement taken at 

predetermined time period after the completion of the elution process. 

23. (Withdrawn) The computer readable medium of claim 21, wherein the predetermined time 

period is 60 minutes after completion of the elution process. 

24. (Withdrawn) A method for purging a tubing circuit of an infusion system with air, the 

system comprising a pump coupled to the tubing circuit, a radioisotope generator, a waste bottle 

and a computer including a computer interface, the method comprising: 

receiving instructions from the computer, via the computer interface, to disconnect the pump 

from an eluant reservoir of the system, and to by-pass the generator by disconnecting an 

eluant line and an eluate line, of the tubing circuit, from the generator, and connecting the 

eluant line to the eluate line; and 

entering, into the computer, via the computer interface, a command to perform an air purge 

of the tubing circuit, the air purge being automated, via the computer, to perform purges 

of individual portions of the tubing circuit, in sequence, via control of the pump and of 

two divergence valves of the tubing circuit; 

wherein a first valve, of the two divergence valves, is located between a first portion of the 

eluate line and two downstream portions of the eluate line, a first of the two downstream 
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portions extending to a waste bottle of the system and a second of the two downstream 

portions extending to a vial outside the system; 

a second valve, of the two divergence valves, is located between a first portion of the eluant 

line, extending from the pump, and two downstream portions of the eluant line, a first of 

the two downstream portions of the eluant line being connected to the first portion of the 

eluate line, and a second of the two downstream portions of the eluant line being 

connected to the second of the two downstream portions of the eluate line. 
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Remarks 

Application No. 12/137,364 
Page 10of14 

This communication responds to the Office Action mailed October 5, 2010 for the 

application captioned above. The following remarks are respectfully submitted 

Election of Restriction 

The Examiner indicated that restriction to one of the following inventions is 

required under 35 U.S.C. 121: 

I. Claims 1-17, drawn to a method for operating an infusion system, classified in 

class 604, subclass 503. 

II. Claims 18-19, drawn to a computer readable medium having computer 

executable instructions for executing a method for maintaining an infusion system, 

classified in class 700, subclass 1. 

III. Claims 20-23, drawn to a computer readable medium having computer 

executable instructions for executing methods of calibrating and testing, classified in 

class 702, subclass 85. 

IV. Claim 24, drawn to a method for purging a tubing circuit of an infusion system 

with air, classified in claim 128, subclass 898. 

In a telephone conversation between Examiner Zhang and Elisabeth Belden on July 16, 

2010, a provisional election was made without traverse to prosecute the invention of Group 1, 

Claims 1-17. Claims 18-24 were withdrawn from further consideration by the Examiner. In 

response to the restriction requirement, Applicant respectfully elects, without traverse, Group 1, 

Claims 1-17. 

§112 Rejection 

Claims 3, 5, and 9, stand rejected under 35 U.S.C. 112, second paragraph, as being 

indefinite for failing to particularly point out and distinctly claim the subject matter which 

applicant regards as the invention. 
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Applicant has amended claims 3, 5, and 9 above to replace the "may calculate" language 

with a "calculating" limitation. Applicant submits that the rejections under § 112 should now be 

withdrawn. 

§103 Rejection 

Claims 1-3, 9, and 11 stand rejected under 35 U.S.C. 103(a) as being unpatentable over 

Bergner (US Pat. No. 4,585,941). 

Claims 10 and 13-16 stand rejected under 35 U.S.C. 103(a) as being unpatentable over 

Bergner (US Pat. No. 4,585,941). 

Claims 4-8 stand rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner 

(US Pat. No. 4,585,941) in view of Gerhart (US Pat. No. 3,774,036). 

Claim 12 stands rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner (US 

Pat. No. 4,585,941) in view of Graves et al. (US Pat. No. 7,163,031 B2). 

Claim 17 stands rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner (US 

Pat. No. 4,585,941) in view of Agarwal et al (US Pat. No. 4,096,859). 

In the Office Action, the Examiner rejects claims 1-3, 9, and 11 are rejected under 35 

USC §103(a) based on Bergner. With respect to claim 1, the Examiner contends that Bergner 

discloses the elements of the claim, including "receiving an indication, from the computer, via 

the computer interface, of time lapsed since the elution was completed." Applicant respectfully 

disagrees, and requests reconsideration. 

In support of the rejection of claim 1, the Examiner cites to col. 4, line 7 to col. 6, line 19 

as the portion of the Bergner that discloses "receiving an indication, from the computer, via the 

computer interface, of time lapsed since the elution was completed." Applicant has reviewed 

Bergner and does not see such an indication. This portion of Bergner references and describes 

Figs. 2-4. 

Fig. 2, which is copied below for ease of reference, shows the front panel of the infusion 

pump controller 60. As may be seen from this panel, it does not provide an indication of the 

time lapsed since the elution was completed. Instead, it shows information such as the total 
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volume 74, volume eluted 76, an LED 82 that lights when the end of travel of the plunger is 

indicated. No mention is made of time after elution is completed. 

F;' ,-, , tq ::! 
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88 
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Fig. 3, which is copied below for ease of reference, shows front view of the dosimetry 

control used with the strontium-rubidium infusion system. As may be seen from this panel, it 

does not provide an indication of the time lapsed since the elution was completed. Instead, it 

shows information such as the volume to be infused 94, the volume of eluate which has been 

infused 96, the total dose to be infused 98, the total dose which has been infused 100, the dose 

rate 102, the actual dose rate present 104, the flow rate 112. No mention is made of time after 

elution is completed. 

62 
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Fig. 4, which is copied below for ease of reference, provides an explanatory graph of 

radioactivity measured (on the y-axis) by the dosimeter probe versus time (on the x-axis). This 

graph is used for explanatory purposes; it is not information displayed to a user. It is not 

information received from a computer interface. In addition, the information displayed in the 

graph is merely an indication of a typical dosage level over time, stopping when the elution 

stops. It does not track the time after the elution stops nor is it intended to display any such 

information to a user. 
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In the Office Action, the Examiner combines Bergner with Gerhart, Graves, or Agarwal 

in rejecting other pending claims. Gerhart, Graves, or Agarwal also fail to disclose the limitation 

from independent claim 1 of "receiving an indication, from the computer, via the computer 

interface, of time lapsed since the elution was completed." 

Graves discloses an automated bulk dispensing system that includes an eluate shield or 

pig and/or recipient shield or pig that has been disassembled and a second container, e.g., eluate 

vial, or recipient container, e.g., recipient vial. (See, e.g., Fig. 5). Gerhart does not disclose 

"receiving an indication, from the computer, via the computer interface, of time lapsed since the 

elution was completed." 

Gerhart discloses a method and apparatus for generating and maintaining an available 

supply of a radioactive eluate with at least a minimum level of activity. Gerhart does not appear 

to mention a computer, a computer interface, or receipt of a time lapsed since an elution was 

completed. 

Agarwal discloses an apparatus for peritoneal dialysis. Agarwal does not disclose an 

elution process. 
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Accordingly, since none of the references cited by the Examiner in the Office Action 

discloses "receiving an indication, from the computer, via the computer interface, of time lapsed 

since the elution was completed," as required by claim 1, Applicant submits that the rejection of 

claim 1 and its associated dependent claims should be withdrawn. 

In view of the foregoing, it is submitted that this application is in condition for allowance. 

Favorable consideration and prompt allowance of the application is respectfully requested. 

Applicant believes no fee is due to enter the present Amendment. The Commissioner is hereby 

authorized to charge any additional filing fees required to Deposit Account No. 061910. The 

Examiner is invited to telephone the undersigned if the Examiner believes it would be useful to 

advance prosecution. 

Dated: January 3, 2011 

Fredrikson & Byron, P.A. 
200 South Sixth Street, Suite 4000 
Minneapolis, MN 55402-1425 USA 
Facsimile: (612) 492-7077 

Respectfully submitted, 

/Charles D. Segelbaum/ 
Charles D. Segelbaum 
Reg. No. 42,138 
(612) 492-7115 

Please grant any extension of time necessary for entry; charge any fee due to Deposit Account No. 06-1910. 
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1)[8J Responsive to communication(s) filed on 11 June 2008. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 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)[8J Claim(s) 1-24 is/are pending in the application. 

4a) Of the above claim(s) 18-24 is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-17 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)[8J The drawing(s) filed on 24 October 2008 is/are: a)IZ! accepted or b)O 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 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 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) [8J Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date See Continuation Sheet. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20100716 
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DETAILED ACTION 

Election/Restrictions 

Page 2 

1. Restriction to one of the following inventions is required under 35 U .S.C. 121: 

I. Claims 1-17, drawn to method for operating an infusion system, classified 

in class 604, subclass 503. 

II. Claims 18-19, drawn to a computer readable medium having computer 

executable instructions for executing a method for maintaining an infusion 

system, classified in class 700, subclass 1. 

Ill. Claims 20-23, drawn to a computer readable medium having computer 

executable instructions for executing methods of calibrating and testing, 

classified in class 702, subclass 85. 

IV. Claim 24, drawn to a method for purging a tubing circuit of an infusion 

system with air, classified in class 128, subclass 898. 

The inventions are distinct, each from the other because of the following reasons: 

Inventions I and II are related as process and apparatus for its practice. The 

inventions are distinct if it can be shown that either: (1) the process as claimed can be 

practiced by another and materially different apparatus or by hand, or (2) the apparatus 

as claimed can be used to practice another and materially different process. (MPEP § 

806.05(e)). In this case, the apparatus can be used to practice another and materially 

different process such as performing the step of tracking a volume of the eluate that is 

diverted from the generator to the waste bottle. 
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Inventions I and Ill are related as process and apparatus for its practice. The 

inventions are distinct if it can be shown that either: (1) the process as claimed can be 

practiced by another and materially different apparatus or by hand, or (2) the apparatus 

as claimed can be used to practice another and materially different process. (MPEP § 

806.05(e)). In this case, the apparatus can be used to practice another and materially 

different process such as performing the step of tracking a time from the end of the 

elution process. 

Inventions II and IV are related as process and apparatus for its practice. The 

inventions are distinct if it can be shown that either: (1) the process as claimed can be 

practiced by another and materially different apparatus or by hand, or (2) the apparatus 

as claimed can be used to practice another and materially different process. (MPEP § 

806.05(e)). In this case, the apparatus can be used to practice another and materially 

different process such as performing the steps for calibrating an activity detector of an 

infusion system. 

Inventions Ill and IV are related as process and apparatus for its practice. The 

inventions are distinct if it can be shown that either: (1) the process as claimed can be 

practiced by another and materially different apparatus or by hand, or (2) the apparatus 

as claimed can be used to practice another and materially different process. (MPEP § 

806.05(e)). In this case, the apparatus can be used to practice another and materially 

different process such as performing the steps for conducting a breakthrough test of a 

radioisotope generator of an infusion system. 
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Inventions I and IV are related as subcombinations disclosed as usable together 

in a single combination. The subcombinations are distinct if they do not overlap in 

scope and are not obvious variants, and if it is shown that at least one subcombination 

is separately usable. In the instant case, subcombination of Invention I has separate 

utility such as the steps for calibration and breakthrough testing. See MPEP 

§ 806.05(d). 

Inventions II and Ill are related as subcombinations disclosed as usable 

together in a single combination. The subcombinations are distinct if they do not 

overlap in scope and are not obvious variants, and if it is shown that at least one 

subcombination is separately usable. In the instant case, subcombination of Invention 

Ill has separate utility such as the steps for calibration and breakthrough testing. See 

MPEP § 806.05(d). 

The examiner has required restriction between subcombinations usable together. 

Where applicant elects a subcombination and claims thereto are subsequently found 

allowable, any claim(s) depending from or otherwise requiring all the limitations of the 

allowable subcombination will be examined for patentability in accordance with 37 CFR 

1.104. See MPEP § 821.04(a). Applicant is advised that if any claim presented in a 

continuation or divisional application is anticipated by, or includes all the limitations of, a 

claim that is allowable in the present application, such claim may be subject to 

provisional statutory and/or nonstatutory double patenting rejections over the claims of 

the instant application. 
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2. Restriction for examination purposes as indicated is proper because all these 

inventions listed in this action are independent or distinct for the reasons given above 

and there would be a serious search and/or examination burden if restriction were not 

required because at least the following reason(s) apply: the inventions have acquired a 

separate status in the art in view of their different classification, and the inventions 

require a different field of search (e.g., searching different classes /subclasses or 

electronic resources, or employing different search strategies or search queries). 

Applicant is advised that the reply to this requirement to be complete must 

include (i) an election of a invention to be examined even though the requirement 

may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing 

the elected invention. 

The election of an invention may be made with or without traverse. To reserve a 

right to petition, the election must be made with traverse. If the reply does not distinctly 

and specifically point out supposed errors in the restriction requirement, the election 

shall be treated as an election without traverse. Traversal must be presented at the time 

of election in order to be considered timely. Failure to timely traverse the requirement 

will result in the loss of right to petition under 37 CFR 1.144. If claims are added after 

the election, applicant must indicate which of these claims are readable upon the 

elected invention. 

Should applicant traverse on the ground that the inventions are not patentably 

distinct, applicant should submit evidence or identify such evidence now of record 

showing the inventions to be obvious variants or clearly admit on the record that this is 
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the case. In either instance, if the examiner finds one of the inventions unpatentable 

over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C. 

103(a) of the other invention. 

3. During a telephone conversation with Elizabeth Balden on July 16, 2010 a 

provisional election was made without traverse to prosecute the invention of Group I, 

claims 1-17. Affirmation of this election must be made by applicant in replying to this 

Office action. Claims 18-24 are withdrawn from further consideration by the examiner, 

37 CFR 1.142(b), as being drawn to a non-elected invention. 

4. Applicant is reminded that upon the cancellation of claims to a non-elected 

invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one 

or more of the currently named inventors is no longer an inventor of at least one claim 

remaining in the application. Any amendment of inventorship must be accompanied by 

a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i). 

Claim Rejections - 35 USC § 112 

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

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

6. Claims 3, 5, and 9 are rejected under 35 U.S.C. 112, second paragraph, as 

being indefinite for failing to particularly point out and distinctly claim the subject matter 

which applicant regards as the invention. It is noted that the recitation of "the computer 
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may calculate" is indefinite as this recitation fails to require the performance of the 

subsequent limitation. Therefore, since the limitation following the recitation of "the 

computer may calculate" is not positively recited, no patentable weight would be given 

to the claim limitations of "the computer may calculate a breakthrough of the generator" 

(as per claim 3); "the computer may calculate a calibration coefficient for the infusion 

system based on the measured activity of the second sample and an activity of the 

eluate detected, during the second elution, by the activity detector of the system" (as 

per claim 5); and "the computer may calculate a calibration coefficient for the infusion 

system based on the measured activity and an activity of the eluate detected, during 

elution, by the activity detector of the system" (as per claim 9). 

Claim Rejections - 35 USC§ 103 

7. 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. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 
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8. This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

9. Claims 1-3, 9, and 11 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Bergner (US Pat. No. 4,585,941 ). 

Regarding claim 1, Bergner teaches a method for operating an infusion system, 

the system comprising: an eluant reservoir, a pump (64) coupled to the reservoir, an 

infusion tubing circuit (Fig. 1 ), a radioisotope generator (28), an activity detector (58), a 

waste bottle (42) and a computer (60, 62) including a computer interface, the infusion 

tubing circuit including an eluant line coupled to the pump and to the generator, a waste 

line coupled to the generator and to the waste bottle, and a patient line coupled to the 

generator (col. 3, line 23 until col. 4, line 53; Fig. 1 ), the method comprising: 

entering, into the computer, via the computer interface, a command to 

activate the pump in order to generate an eluate from a portion of a volume of 

eluant pumped through the generator, via an elution within the generator; 
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receiving an indication, from the computer, via the computer interface, that 

the elution is completed, when the pump has completed pumping the portion of 

the volume of eluant; and 

receiving an indication, from the computer, via the computer interface, of 

time lapsed since the elution was completed (col. 4, line 7 until col. 6, line 19). 

Regarding claim 2, Bergner teaches entering, into the computer (60, 62), via a 

computer interface, the volume of eluant contained in the reservoir, prior to the elution; 

and receiving, from the computer interface, an indication of a volume of eluant in the 

reservoir, based upon tracking the portion of the volume of eluant that is pumped from 

the reservoir (col. 4, line 4 until col. 5, line 32). 

Regarding claim 3, Bergner teaches coupling the patient line of the infusion 

tubing circuit to a first shielded test vial, in order to collect a first sample of the eluate 

from the patient line during the elution; measuring an activity of the first sample; and 

entering into the computer, via the computer interface, the measured activity of the first 

sample and a time between completion of the elution and the measuring of the activity 

(col. 3, line 55 until col. 5, line 68). 

Regarding claim 9, Bergner teaches coupling the patient line to a shielded test 

vial in order to collect a sample of the eluate from the patient line during the elution; 

measuring an activity of the sample; and entering into the computer, via the computer 

interface, the measured activity of the sample and a time between completion of the 

elution and measuring of the activity, so that the computer may calculate a calibration 

coefficient for the infusion system based on the measured activity and an activity of the 
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eluate detected, during elution, by the activity detector of the system (col. 6, line 21 until 

col. 9, line 48). 

Regarding claim 11, Bergner teaches purging air from the patient line; coupling 

the patient line to a patient, after purging, in order to inject a dose of the eluate to the 

patient from the patient line; and receiving a report from the computer, upon completion 

of the elution, the report including a patient identification number and at least one 

quantification of the dose of the eluate (col. 3, line 63 until col. 4, line 6 and lines 36-53; 

col. 6, lines 1-19). 

Claim Rejections - 35 USC§ 103 

10. 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. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

11. This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
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the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

12. Claims 10 and 13-16 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Bergner (US Pat. No. 4,585,941 ). 

Regarding claims 13-16, Bergner teaches 

receiving an indication, from the system, that the eluate is being diverted, 

from the generator, through the waste line of the infusion tubing circuit, when the 

pump is activated; and receiving an indication, from the system, that the eluate is 

being diverted from the generator, through the patient line of the infusion tubing 

circuit, when the pump is activated (col. 5, lines 8-24); 

receiving an indication from the system that a peak bolus of radioactivity 

has been detected, in the eluate, by the activity detector (col. 7, line 1 until col. 9, 

line 47); and 

wherein the system further comprises a light projector (104, 96, 100, 108; 

col. 9, line 49 until col. 10, line 11 ); 

Although Bergner teaches the use of flashing and solid light projections from the light 

projector (106, 108) as alerting notifications (col. 11, line 46 until col. 12, line 29), 
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Bergner does not teach that the indication that the eluate is being diverted through the 

waste line is a flashing light projection, the indication that the eluate is being diverted 

through the patient line comprises a solid light projection from the light projector, and 

the indication that the peak bolus of radioactivity has been detected comprises a 

flashing light from the light projector. However, it would have been obvious to one of 

ordinary skill in the art at the time of the invention to modify the device of Bergner with 

the use of flashing and solid light projections as the indication that the eluate is being 

diverted through the waste line is a flashing light projection, the indication that the eluate 

is being diverted through the patient line comprises a solid light projection, and the 

indication that the peak bolus of radioactivity has been detected comprises a flashing 

light from the light projector, to provide a notification that alerts the user. 

Regarding claim 10, Bergner teaches selecting a calibration procedure of the 

computer, via the computer interface, prior to entering the command to activate the 

pump (col. 4, line 26 until col. 9, line 48) but does not teach that the step of coupling the 

patient line to the shielded test vial is instructed by the computer interface, after 

selecting the calibration procedure. However, it would have been obvious to one of 

ordinary skill in the art at the time of the invention to modify the device of Bergner so 

that the controllers 60, 62 would notify the user to perform the step of coupling the 

patient line to the shielded test vial for an automated reminder to the user to increase 

the safety of the treatment. 
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13. Claims 4-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Bergner (US Pat. No. 4,585,941) in view of Gerhart (US Pat. No. 3,774,036). 

Regarding claim 4, Bergner does not teach selecting a breakthrough test 

procedure of the computer, via the computer interface, prior to entering the command to 

activate the pump; and wherein coupling the patient line to the first shielded test vial is 

instructed by the computer interface, after selecting the breakthrough test. However, it is 

noted that Gerhart teaches that breakthrough testing is performed to ensure the safety 

of a radioactive treatment dosage (col. 2, lines 27-39). Therefore, it would have been 

obvious to one of ordinary skill in the art at the time of the invention to modify the 

method of Bergner with breakthrough test procedure prior to entering the command to 

activate the pump as taught by Gerhart to ensure the safety level of the treatment. 

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

the invention to modify the device of Bergner so that the controllers 60, 62 would notify 

the user to perform the step of coupling the patient line to the shielded test vial for an 

automated reminder to the user to increase the safety of the treatment. Hence, the 

modified method of Bergner in view of Gerhart discloses selecting a breakthrough test 

procedure of the computer, via the computer interface, prior to entering the command to 

activate the pump; and wherein coupling the patient line to the first shielded test vial is 

instructed by the computer interface, after selecting the breakthrough test. 

Regarding claim 6, the modified method of Bergner further teaches selecting a 

calibration procedure of the computer, via the computer interface, prior to entering the 

command to activate the pump for the second time; and wherein coupling the first new 
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patient line to the second shielded test vial is instructed by the computer interface, after 

selecting the calibration procedure, as set forth for claim 10 (col. 6, line 21 until col. 9, 

line 48). 

Regarding claims 5 and 7, Bergner further teaches repeating the steps of claim 

1, wherein the pump is activated a second time and a second elution takes place, in 

order to fill the second vial with a second sample of the eluate from the first new patient 

line; measuring an activity of the second sample; and entering into the computer, via the 

computer interface, the measured activity of the second sample and a time between 

completion of the second elution and the measuring of the activity of the second 

sample, so that the computer may calculate a calibration coefficient for the infusion 

system based on the measured activity of the second sample and an activity of the 

eluate detected, during the second elution, by the activity detector of the system. 

Bergner also teaches purging air from the second patient line; and repeating the steps 

of claim 1, wherein the pump is activated a third time and a third elution takes place, in 

order to inject a dose of the eluate to the patient from the second patient line (col. 6, line 

21 until col. 9, line 48). 

Regarding claim 8, Bergner further teaches receiving a report from the 

computer, upon completion of the third elution, the report including a patient 

identification number and at least one quantification of the dose of the eluate (col. 5, 

lines 41-68 and col. 9, line 49 until col. 10, line 11 ). 
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14. Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner 

(US Pat. No. 4,585,941) in view of Graves et al (US Pat. No. 7, 163,031 B2). 

Regarding claim 12, Bergner teaches the use of displays but does not teach a 

touch-activated display screen. However, it is noted that Graves et al teaches the use 

of a touch screen electronic display screen for inputting and outputting into a computer 

for a radiopharmaceutical delivery device (col. 4, line 53 until col. 5, line 2). Therefore, it 

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

modify the device of Bergner with using a system that has a touch-activated display 

screen as disclosed by Graves et al to consolidate the number of components required 

for inputting and outputting commands and notifications in an infusion device. 

15. Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bergner 

(US Pat. No. 4,585,941) in view of Agarwal et al (US Pat. No. 4,096,859). 

Regarding claim 17, Bergner teaches the use of a waste bottle and tracking the 

waste level to determine the trigger point (col. 10, lines 12-68) but does not explicitly 

teach entering, into the computer, via the computer interface, a command to set a waste 

bottle level indicator to zero, when the waste bottle is empty and prior to entering the 

command to activate the pump; and receiving, from the computer, via the computer 

interface, an indication that the waste bottle needs to be emptied, based upon the 

computer tracking a volume of the eluate that is diverted, from the generator, through 

the waste line of the infusion tubing circuit. However, Agarwal et al teaches a medical 

delivery device with a waste container in which a controller tracks the waste level to 
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alert the user to empty the waste container (col. 5, line 38 until col. 6, line 36). It would 

have been obvious to one of ordinary skill in the art at the time of the invention to modify 

the method of Bergner with the steps of setting initial waste bottle level to zero when the 

bottle is empty and tracking the waste bottle level so that an alert is given to the user 

that the waste bottle is full and needs to be emptied as taught by Agarwal et al, to 

prevent overflowing of waste from the waste bottle. 

It is noted that the modified method of Bergner and Agarwal et al teaches 

entering, into the computer, via the computer interface, a command to set a waste bottle 

level indicator to zero, when the waste bottle is empty and prior to entering the 

command to activate the pump; and receiving, from the computer, via the computer 

interface, an indication that the waste bottle needs to be emptied, based upon the 

computer tracking a volume of the eluate that is diverted, from the generator, through 

the waste line of the infusion tubing circuit 

Conclusion 

16. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JENNA ZHANG whose telephone number is (571 )270-

5369. The examiner can normally be reached on Monday-Thursday SAM - 5PM. 

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

supervisor, Nicholas Lucchesi can be reached on 571-272-4977. 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. 

/J. Z./ 
Examiner, Art Unit 3763 
09/28/2010 

/Nicholas D Lucchesi/ 
Supervisory Patent Examiner, Art 
Unit 3763 
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RUBIDIUM-82 GENERATOR BASED ON SODIUM NONATITANATE SUPPORT, AND SEPARATION 
METHODS FOR THE RECOVERY OF STRONTIUM-82 FROM IRRADIATED TARGETS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to the selective separation of strontium-82 from other 

radioisotopes, such as those resulting from an irradiated molybdenum target, and in 

the manufacture of a rubidium-82 generator. 

Background of the Related Art 

The use of radioisotopes as diagnostic and imaging agents in medicine has 

expanded rapidly in recent years. Positron (!3+) emitters are particularly useful in the 

study of metabolic processes because the positron-electron annihilation reaction 

produces a pair of gamma rays with an energy level of 511 ke V travelling in opposite 

directions. By placing a series of detectors around a patient who has been administered a 

positron emitter, both the location. and amount of radioactivity can be accurately determined. 

This property is utilized in Positron Emission Tomography (PET) to image metabolic 

processes in vivo. Rubidium-82 (82Rb) is a short-lived positron-emitting isotope (T112 = 75 

seconds) that is increasingly being used to study blood :flow through the heart and brain. 

Physiologically, rubidium is an analogue of potassium, and consequently enters the body's 

large potassium pool, which has a comparatively slow turnover. Thus, after 82Rb is injected 

intravenously, the tracer's uptake in tissue reflects the rate of delivery, i.e. blood flow, and 

thus 82Rb rapidly builds up in the heart. This can be used, for example, to study blood-brain 

barrier leakage and heart muscle perfusion. 

The short half-life of 82Rb means that it must be supplied to physicians in the form 

of a generator, where the parent 82Sr (T112 = 25 days) is immobilized on a solid substrate or 

support and 82Rb eluted as required. The generators that are currently available use hydrous 

tin oxide to immobilize the 82Sr and allow the elution of 82Rb by saline or other appropriate 

eluant. The 82Sr (T112 = 25 days) is accompanied by unwanted 85Sr (T112 = 64 days), 

generated as a by-product during the manufacture of 82Sr, wherein both isotopes have a 

relatively long half-life and a high radiotoxicity due to their tendency to accumulate in bone. 

Thus, it is essential to minimize or eliminate the introduction of 82Sr and 85Sr into a patient 

during the administration of 82Rb. Although hydrous tin oxide has proved acceptable to date 
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for use in generators, new materials exhibiting far higher strontium affinities, improved 

strontium/rubidium separation factors and greater radiolytic stability are needed in order to 

lower the amount of 82Sr and 85Sr released during elution of the 82Rb. 

The parent 82Sr is generated by the proton irradiation of rubidium, rubidium chloride 

or molybdenum targets followed by dissolution and processing to isolate the 82Sr. The 

demand for 82Rb generators has grown so great that there is a need to reduce processing 

times and to increase the yield of 82Sr from processed targets. One method of improving the 

supply of 82Sr is to improve the processes used to extract 82Sr from irradiated targets. 

Current methods utilize organic ion exchange or chelating resins to extract very low levels of 

strontium from dissolved targets containing molar concentrations of inert ions. However, a 

satisfactory separation of 82Sr from the target materials and other radioisotopes generated 

during the in-adiation procedure requires multiple treatment steps due to the relatively low 

affinity and low selectivity of the organic ion exchange resins for 82Sr. 

82Sr is produced by the proton irradiation of molybdenum metal, rubidium metal and 

rubidium chloride targets. The irradiation process also produces a range of other radioactive 

isotopes (e.g. 88Y, 88Zr, 85Sr) and as a consequence, a series of carefully designed 

separation procedures have been designed to separate the desired 82Sr from other 

radioisotopes and inactive species present. The primary method used to separate 82Sr is by a 

series of ion exchange and selective elution steps. Typically, AG 50 W-X8 ion exchange 

resin is used to separate 82Sr from dissolved targets. However, this resin is relatively non­

selective and will absorb numerous polyvalent cations (e.g., 88Y) in addition to the desired 

82Sr. Consequently, multiple separation steps are required to isolate 82Sr from the other 

isotopes present. 

82Rb can be conveniently supplied to physicians in the form of a generator in which 

the parent 82Sr is immobilized on an ion exchange material and the 82Rb eluted when 

required. This means that 82Rb PET can be performed at clinical facilities where a typical 

generator may last several months before the yield of 82Rb diminishes below a usable level. 

To be suitable for use in a 82Rb generator, an ion exchange material must exhibit a 

high affinity for strontium but a low affinity for rubidium, allowing the 82Rb daughter to be 

eluted from a column containing immobilized 82Sr. Generators have been proposed that were 

based on a number of separation media including Chelex 100, Ab03, Sb(V) 

hexacyanoferrate, polyantimonic acid, titanium vanadate and hydrated tin(IV) oxide, with the 

hydrated tin(IV) oxide being the most widely used. 

However, the crucial component of any system is the actual ion exchange 

material containing the immobilized 82Sr parent. Current systems using hydrous tin 
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oxide have a limited life due to the breakdown of the hydrous tin dioxide, 

necessitating frequent replacement. 

Therefore, there is a need for a highly strontium selective ion exchange material in 

place of ion exchange resins and hydrated tin(IV) oxide, so that the separation and recovery 

of 82Sr from Rb, RbCl and Mo targets is greatly facilitated. This will lead to a reduction in 

processing steps, a decrease in target processing times and thus a decrease in the cost of the 

82Sr product. There is also a need for an ion exchange material suitable for use as a 82Rb 

generator having a very high selectivity for 82Sr and a very low selectivity for 82Rb to allow 

elution of the 82Rb by isotonic saline or other solutions. 

SUMI.VIARY OF THE INVENTION 

The present invention provides a method of chemically isolating strontium-82 from 

proton-irradiated molybdenum targets. This comprises dissolving the molybdenum metal 

target containing the strontium-82, adjusting the pH of the dissolved molybdenum target 

solution to an alkaline pH, removing precipitates from the solution, and then absorbing the 

strontium-82 from the solution onto a support comprising sodium nonatitanate. Sodium 

nonatitanate can also be applied to the efficient recovery of strontium-82 from alkaline RbCI 

solutions produced during the processing of proton-irradiated rubidium metal and rubidium 

chloride targets. 

The present invention also provides a rubidium-82 generator, comprising a strontimn-

82 support medium comprising sodium nonatitanate. Preferably, the sodium nonatitanate is 

characterized by a strontium selectivity greater than 250,000 mL/g at an alkaline pH, and/or 

the sodium nonatitanate is characterized by a rubidium selectivity less than 100 mL/g at an 

alkaline pH. More preferably, the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than 1,000, and even more preferably greater 

than 100,000. 

The rubidium-82 generator is prepared by a process comprising: preparing sodium 

nonatitanate from titanium isopropoxide and aqueous sodium hydroxide; heating the sodium 

nonatitanate at a temperature between 100°C and 250°C for a period between 12 hours and 2 

weeks; and absorbing strontium-82 on the sodium nonatitanate from an aqueous solution 

comprising strontium-82 and a soluble sodium salt, wherein the sodium salt concentration is 

between 0.1 and 1 molar. It is also preferred that the titanium isopropoxide and the aqueous 

sodium hydroxide solution are provided at a sodium hydroxide to titanium isopropoxide 

molar ratio of greater than 0.44, but preferably providing a large molar excess of sodium 
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hydroxide. The sodium hydroxide to titanium isopropoxide molar ratio is preferably between 

1 and 10, more preferably between 2 and 6, and most preferably about 4. 

Furthermore, the invention provides a process for preparing a solution containing 

rubidium-82. The process comprises providing a solution containing strontium-82 at a pH 

between 10 and 14, absorbing the strontium-82 from the solution onto a sodium nonatitanate 

support medium, and eluting rubidium-82 from the sodium nonatitanate support medium with 

a solvent. The solvent is preferably selected from the group consisting of water and saline 

solutions. More particularly, the solvent may be an aqueous solution having a sodium 

chloride concentration between 0.001 molar and 1 molar, preferably between 0.2 molar and 1 

molar. The solvent may also be a phannaceutical grade isotonic saline and buffer solution. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides improved sodium nonatitanate compositions, a 

method using the composition for recovery of 82Sr from irradiated targets, and a method 

using the composition for generating 82Rb. The sodium nonatitanate materials of the 

invention are far more selective at separating strontium from solutions derived from the 

dissolution of irradiated target materials than current ion exchange resins used in the 

production of 82Sr. The present invention reduces the number of processing steps required, 

and thus leads to a decrease in target processing times and a reduction in the cost of the 82Sr 

product. Waste generation and disposal are also decreased. 

According to the present invention, synthetic conditions are adjusted to produce a 

material with improved properties more applicable to 82Sr processing. The sodilU11 

nonatitanate of the present invention has been found to have a very low affinity for rubidium 

in addition to an exceptionally high affinity for strontium, making it ideal for use as a 

replacement for the hydrous tin dioxide used in current 82Rb generators. Sodium 

nonatitanate materials of this type will both improve the recovery of 82Sr and lead to a safer, 

more effective 82Rb generator system for clinical applications. 

Sodium nonatitanate, Na4Ti90 20.xH20, is an inorganic ion exchange material that has 

been used for the removal of 90Sr from neutral and alkaline nuclear wastes. The sodium 

nonatitanate of the present invention has a number of advantages over conventional organic 

ion exchange resins (e.g., Chelex 100) that include: very high selectivity for trace levels of 

strontium in the presence of molar concentrations of other ions at alkaline pH; very low 

affinity for rubidium; excellent radiation, chemical and thermal stability so that there is no 

release of contaminants (e.g. Ti) into the 82Rb product; rapid reaction kinetics; high cation 

exchange capacity; absorbed ions readily stripped by treatment with dilute mineral acid 

allowing the sodium nonatitanate to be recycled, if desired; scale up of similar synthesis has 
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already been demonstrated; and the sodium nonatitanate powder can be manufactured into 

pellets appropriate for colunm operations. Other chemically related sodium titanate materials 

suitable for use in the same manner as the aforementioned sodium nonatitanate 

(NaiTi90 20.xH20) include other titanate materials exhibiting high Sr affinity and low Rb 

affinity, including Sr-Treat (available from Selion Oy) and monosodium titanate (available 

from Boulder Scientific) It is also anticipated that analogous zirconates may exhibit similar 

properties. 

The invention also provides important improvements in the processing of irradiated 

targets to recover 82Sr. Sodium nonatitanate has a much greater affinity for 82Sr than 

currently used ion exchange resins, and a low affinity for other radioactive isotopes. 

Consequently, the use of sodium nonatitanate greatly simplifies the extraction process by 

reducing the number of separation steps that are required to produce chemically pure 82Sr. 

Thus, targets can be processed more rapidly and the recovery of 82Sr i~proved. hnproved 

isotope selectivity may also facilitate the isolation of other useful isotopes from the targets, 

leading to greater payback from target processing operations. 

Furthermore, less than lg of sodium nonatitanate material is needed in a 82Rb 

generator and 1 kg of this material is expected to be sufficient to process a large number of 

targets, even if the sodium nonatitanate material is not recycled and is disposed of after one 

use. Consequently, the additional cost incurred by the use of sodium nonatitanate will be 

negligible in comparison with the cost savings achieved in the 82Sr production. 

It has been detennined that replacing hydrous tin dioxide with sodium nonatitanate 

reduces the amount of 82Sr released during the operation of the 82Rb generator, thereby 

reducing the exposure of the patient to 82Sr. Sodium nonatitanate is also more chemically 

stable and less likely to leach non-radioactive contaminants into solution during operation of 

the generator. The sodium nonatitanate is also more amenable to recycling since the 82Sr can 

readily be stripped with mineral acid without producing additional impurities. Recycling of 

82Sr generators is already being used as a source of additional 82Sr, and improvements to the 

recycling procedure (obtained by using a superior ion exchange material) will facilitate the 

recovery of 82Sr from this source. 

Although the sodium nonatitanate may be used as a direct replacement for hydrous 

tin dioxide in the 82Rb generator, it is also possible to use sodium nonatitanate in the form of 

a disposable add-on filter that could be used to trap any 82Sr that is leached from the 

generator during the production of 82Rb. 

The first step in preparing a 82Rb generator is to load the parent 82Sr onto the 

sodium nonatitanate material and place the ion exchange material into a suitable column. It is 

essential that sufficient time be allowed for the 82Sr to be absorbed by the sodium 
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nonatitanate material in order to maximize the loading of the parent radioisotope per gram of 

ion exchange material. 

Sodium nonatitanate should be loaded with 82Sr before being placed in an ion 

exchange column, to avoid preferential loading of the 82Sr on the top of the ion exchange 

column rather than uniformly throughout the material. This high concentration of 

radioactivity on a very small volume may result in undesirable radiolytic problems. Although 

sodium nonatitanate has been shown to be highly resistant to radiation damage, it is 

considered prudent to avoid any potential problems. 

EXAMPLES 

These Examples investigated the suitability of sodium nonatitanate for the use in 

separating 82Sr from irradiated targets and in the construction of a 82Sr/82Rb generator. 

Initial batch experiments compared the rubidium and strontium selectivities of a number of 

different sodium nonatitanate samples with commercially available ion exchange materials 

(e.g. AW 500, Chelex 100) and some experimental materials that had also exhibited high 

strontium selectivities (e.g. sodium titanosilicate). Column experiments were then performed 

using target simulants and generator simulants on materials that exhibited favorable 

selectivity characteristics. Some work was also performed to investigate the likely 

interference from other isotopes present in irradiated targets on the production of 82Sr. 

Example 1 - Preparation of Sodium Nonatitanate 

Sodium nonatitanate (NaTi) was synthesized hydrothermally as follows. 77.5 g of 

titanium isopropoxide was added to 84.35 g of a 50 wt.% solution ofNaOH with vigorous 

stirring and 60 mL of deionized water was added. The resultant gel was heated at 

approximately 108°C for 3 hours, transferred to a hydrothermal pressure vessel with an 

additional 90 mL of deionized water, and heated at either l 70°C or 200°C for times ranging 

from 21 hours to 1 week. After the allotted time, the materials were filtered, washed with 

ethanol to remove residual base and dried at 60°C. The mass of sodium nonatitanate produced 

was approximately 31 g. Each sample was characterized using x-ray powder diffraction 

(XRD). The reaction is outlined in Equation 1. 

(1) 

The crystallinity of the material was shown to be dependent upon the reaction time 

and temperature, with the most crystalline materials being produced after 1 week of 

hydrothermal treatment (200°C for 7 days). Samples that received no hydrothermal treatment, 
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or only a few days, were virtually amorphous with only a few very broad reflections visible 

on the XRD pattern. 

The theoretical cation exchange capacity (CEC) of sodium nonatitanate is quite high 

and has a value of 4. 74 meq/g, which compares favorably with organic ion exchange resins. 

Alternative titanium salts that could be used to manufacture sodium nonatitanate 

include titanium tetrachloride, TiC14, and titanium sulfate, TiOS04.xH2S04.yH20. However, 

hydrolysis of these salts leads to the generation of hydrochloric acid and sulfuric acid, 

respectively, and thus additional base is required during the hydrothermal process. The final 

product also needed to be exhaustively washed to remove residual sodium chloride or sodium 

sulfate. Consequently, titanium isopropoxide (which hydrolyzes to form propanol) is the 

preferred starting material because the final product is free from additional sodium salts. 

Example 2 - Determination of Strontium Selectivity 

Sodium nonatitanate and a variety of other ion exchange materials were obtained and 

evaluated for use in the separation of 82Sr from targets and in a 82Rb generator. These 

materials are described below in Table 1. 

Table 1. Characteristics of ion exchange materials evaluated in this study. 

Material 
N a-Clinoptilolite 

AW500 

Hydrous Sn02 

K + Phannacosiderite 
(K3H(Ti0)4(Si04)3.4H20) 

Sodium Titanosilicate 
(Na2 Ti203Si04.2H20) 

AG 50W-X8 (Na+) 
(25 - 50 Mesh) 

Chelex 100 (Na+) 
(50 - 100 Mesh) 

Sodium Nonatitanate 

Hydrous Si02 

Source 
GSA Resources, AZ 

Aldrich (1.6 mm Pellets) 

Synthesized in house 

Synthesized according to 
literature method. 

Synthesized according to 
literature method. 

BioRad. Strong acid 
ion exchange resin. 

BioRad. Chelating resin 
with iminodiacetic acid 
functionality. 

Honeywell, IL 

Synthesized in house 

7 

Sample Preparation 
Ground to powder. 

Ground to powder. 

NaOH + SnC14• Washed with acetic 
acid/sodium acetate buffer. 

None. Used as synthesized. 

None. Used as synthesized. 

Converted to Na+ form 
(for alkaline solutions only) 

None. Used as received. 

None. Used as received. 

Acetic acid hydrolysis of tetraethyl 
orthosilicate. Washed with H20 
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Hydrous Ti02 Synthesized in house 

Hydrous Zr02 Synthesized in house 

PCT /US2002/041676 

Hydrolysis of titanium 
isopropoxide. Washed with HzO 

Zr0Cl2 + NaOH. Washed with 
deionized water. 

The strontium selectivity of the ion exchange materials of Table 1 was evaluated in 

sodium chloride and rubidium chloride solutions using radiotracer techniques. Samples were 

evaluated using a simple batch technique to allow the rapid screening of a large number of 

materials over a range of ionic strengths. Blanks were run for each matrix to check for any 

loss of strontium during filtration or absorption of strontium onto the scintillation vials. In all 

solutions evaluated, strontium absorption was negligible. 

0.05g of each of the ion exchange materials was contacted with 10 mL of a solution, 

spiked with 89Sr, in a capped scintillation vial. (The total strontium content was 

approximately 1.6 ppm, thus preventing any loss of strontium in solution due to precipitation 

of sparingly soluble Sr(OH)2 at alkaline pH values.) The mixtures were shaken for 6 hours, 

filtered through a 0.2 µm syringe filter and the residual activity determined using liquid 

scintillation counting (LSC). Distribution Coefficients (K.,i values) were then determined 

according to Equation 2: 

Kd =(Ai-Ar) I Ar* v/m (2) 

where: A; = initial activity in solution (counts per minute ( cpm)/mL) 

Ar= final activity in solution ( cpm/mL) 

v =volume of solution (mL) 

m =mass of exchanger (g) 

The final pH of the solution was also noted. The period of 6 hours was chosen to 

allow equilibrium to be reached for each of the ion exchange materials. However, previous 

work on the titanosilicates and titanates had shown the reaction rates to be rapid with the 

majority of the uptake occurring in only a few minutes. The concentration of the chloride 

solutions was varied from lM to 0.00lM to evaluate the effect of increasing Rb+ and Na+ 

concentrations on the uptake of sr2+. All experiments were performed in duplicate, and if 

significant variations between duplicate samples occurred, the experiments were repeated 

until good agreements on the ~ values were obtained. The results are shown in Tables 2 and 

3 and represented the average K.,i obtained, quoted to 3 significant figures. 

Table 2. Strontium selectivity data from unbuffered sodium chloride solutions. 
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Ion Exchange Matei-ial KcimVg 
lMNaCI O.lMNaCI O.OlMNaCI 0.001M 

NaCl 
Na-Clinoptilolite 8 124 3,260 36,900 
AW500 1,860 88,300 1,270,000 1,210,000 
Hydrous Sn02 767 43,000 124,000 51,800 
K + Pharmacosiderite 18,300 251,000 594,000 281,000 
Sodium Titanosilicate 556,000 273,000 119,000 42,900 
AGSOW(Na+) 32 3,380 365,000 2,510,000 
Chelex 100 (Na+) 610 26,400 726,000 1,300,000 
NaTi (Honeywell) 80,600 1,030,000 258,000 166,000 
NaTi (No hydrothermal) 1,530,000 2,570,000 739,000 372,000 
NaTi (170°C, 21hr) 1,030,000 1,240,000 272,000 172,000 
NaTi (170°C, 3d) 959,000 633,000 218,000 93,100 
NaTi (170°C, 7d) 167,000 834,000 264,000 90,400 
NaTi (200°C, 21hr) 439,000 1,390,000 197,000 120,000 
NaTi (200°C, 3 d) 261,000 898,000 251,000 158,000 
NaTi (200°C, 7d) 195,000 955,000 265,000 214,000 
Zr02 3,360 52,200 213,000 232,000 

Table 3. Strontium selectivity data from unbuffered rubidium chloride solutions 

Material Ket mL/g 
lMRbCl O.lMRbCI O.OlMRbCl O.OOlM 

Rb Cl 
Na-Clinoptilolite 19 3 88 11,000 
AWSOO 9,750 107,000 1,020,000 1,280,000 
Hydrous Sn02 766 66,100 104,000 51,800 
K + Phannacosiderite 1,950 40,800 419,000 427,000 
Sodium Titanosilicate 12,600 94,700 164,000 179,000 
AG-50W (Na+) 44 3,870 237,000 800,000 
Chelex 100 (Na+) 1,580 38,400 555,000 977,000 
NaTi (Honeywell) 13,900 108,000 279,000 324,000 
NaTi (No hydrothennal) 14,220 116,000 345,000 429,000 
NaTi (170°C, 21hr) 10,500 71,700 193,000 205,000 
NaTi (l 70°C, 3d) 15,100 39,500 68,000 95,200 
NaTi (170°C, 7d) 23,000 55,800 31,200 110,000 
NaTi (200°C, 21hr) 11,000 66,400 110,000 103,000 
NaTi (200°C, 3 d) 10,600 56,800 146,000 158,000 
NaTi (200°C, 7d) 10,500 57,400 146,000 158,000 
Zr02 3,000 42,400 184,000 221,000 

Comparing the selectivity data from sodium and rubidium solutions, it is evident that 

rubidium ions cause a reduction in affinity for the strontium ion for all of the exchangers 

indicating that the affinity of these materials for rubidium is significantly higher than the 

affinity for sodium ions. The pH of the final solutions was generally alkaline for the 

nonatitanates (NaTi) and titanosilicates, with pH values as high as 12 being measured. This 

was due to hydrolysis of the exchangers resulting in the absorption of protons and the release 
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of sodium ions, thus increasing the pH of the aqueous phase. This effect can be overcome, if 

desired, by buffering the solution. 

The most distinct trend was observed in lM NaCl solutions for the sodium 

nonatitanate samples. The highest~ was observed for the non-hydrothermal material and the 

Kd values decreased with increasing reaction time for both the 200°C and l 70°C materials. 

Clearly, strontium uptake is facilitated by having a low-crystallinity material. This suggests 

that as the crystallinity increases and the size of the nonatitanate crystallites also increases, it 

becomes thermodynamically less favorable for exchange of the sodium ions by strontium. It 

is also interesting to note that the majority of the sodium nonatitanates exhibit a higher 

selectivity for strontium in lM NaCl than in O.OOlM NaCl. This indicates that the higher 

ionic strength facilitates the Na+/Sr2+ exchange reaction and more than compensates for the 

increased competition for the ion exchange sites from the additional Na+ ions. 

This data shows that sodium nonatitanate is an ideal material for the recovery of 82-

Sr from irradiated rubidium and rubidium chloride targets and in the manufacture of a 82-Rb 

generator. 

Example 3 - Rubidium Selectivity from NaCl Solutions 

For an ion exchange material to be suitable for use in a 82Rb generator, it must have 

a very high selectivity for strontium to prevent any loss of 82Sr from the ion exchange 

column and release to the patient undergoing a PET scan. This property was clearly 

demonstrated in Example 2. It must also have a very low selectivity towards rubidium, thus 

allowing 82Rb to be released into solution as saline is passed through the 82Rb generator. 

Consequently, the rubidium selectivity of the ion exchange materials was evaluated in 

sodium chloride media following the procedure described in Example 2. The same procedure 

was followed using 86Rb to spike the solutions to give an activity of approximately 200,000 

cpm/mL. Total rubidium in solution was < 0.05 ppm. The selectivities of the materials are 

shown below in Table 4. 

Table 4. Rubidium selectivity data from unbuffered sodium chloride solutions. 

Material 86Rb~mL/g 
lMNaCl O.lMNaCI O.OlMNaCI O.OOlM 

NaCl 
AWSOO 116 620 4,920 21,900 
Hydrous Sn02 1 6 36 290 
K + Pharrnacosiderite 148 475 2,030 4,020 
Sodium Titanosilicate 8,010 194,000 114,000 75,800 
AG50W(Na+) 7 75 688 6,680 
Chelex 100 (Na+) 3 8 43 256 
NaTi (Honeywell) 9 102 488 817 
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NaTi (No hydrothermal) 4 59 280 446 
NaTi (170°C, 21hr) 9 56 209 297 
NaTi (1700C, 3d) 7 46 198 311 
NaTi (170°C, 7d) 3 15 47 71 
NaTi (200°C, 21hr) 8 79 334 502 
NaTi (200°C, 3d) 8 52 207 307 
NaTi (200°C, 7d) 4 25 111 178 
Zr02 1 12 60 154 

From the data in Table 4, it is clear that the all of the sodium nonatitanate materials 

have a very low affinity for rubidium, particularly in the presence of relatively high amounts 

of sodium ions. In general, the rubidium selectivity decreased with increasing reaction time 

for both series of nonatitanates (170°C and 200°C) with the lowest affinity being 

demonstrated by the sample that was heated hydrothennally at 170°C for 1 week Uptake was 

negligible in IM NaCl and the very low reduction in activity that was noted could be 

accounted for by absorption of rubidium during filtration and by pipetting errors during the 

counting procedure. Consequently, samples with Kd values that were below 10 mL/g can be 

considered to have no affmity at all for 86Rb. Some rubidium uptake was evident in very 

dilute sodium solutions, but the Kd values were low for all of the titanate samples. This 

suggests that the uptake of rubidium was more likely due to the materials having an 

exceptionally low affinity for sodium rather than any real affinity for rubidium. All of the 

sodium nonatitanate materials performed better than the commercially available sample 

obtained from Honeywell Inc. The materials are clearly ideal for use in a 82-Rb generator. 

Hydrous tin dioxide exhibited some of the lowest rubidium affinities and was 

comparable with Chelex 100, the best of the nonatitanates and the hydrous zirconium 

dioxide. However, hydrous tin dioxide exhibited much lower strontium Kd values than the 

nonatitanates. Therefore, nonatitanate materials are preferred because they have higher 

strontium/rubidium separation factors. Hydrous tin dioxide also has a limited pH stability 

range and significant dissolution and release of absorbed strontium is likely to occur should 

any significant pH perturbations occur outside the range of pH 4 to pH 9. Radiation stability 

of hydrous tin dioxide is also limited, with particle breakdown causing current 82-Rb 

generators to be replaced before decay has reduced the 82-Rb below useable levels. 

The rubidium selectivity data also indicates that A WSOO, potassium 

Pharmacosiderite and the sodium titanosilicate have a strong affinity for rubidium in a range 

of saline solutions. Consequently, these materials will be unsuitable for use in a 82Rb 

generator and have only limited applications in the processing of irradiated target materials. 

Example 4- Sr and Rb Selectivity in O.lM Sodium Acetate/Acetic Acid Buffer 
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In order to prevent hydrolysis reactions from raising the pH as described above, some 

strontium and rubidium selectivity experiments were performed in a O.lM sodium acetate I 

acetic acid buffer solution. In these tests, the final pH remained between 5.2 and 6.3, which is 

a more clinically acceptable pH for an 82Rb infusion. Rubidium Ket values remained low, as 

expected, following the trend observed in Table 5. Strontium Ki values were considerably 

lower, with a maximum Kd value of 80,000 mL/g being obtained for the sodium nonatitanate 

sample that was heated hydrothermally at 170°C for 21 hours. This is considerably lower 

than the Kd value of over 1,200,00 mL/g that was obtained in unbuffered O. lM NaCl. The Kd 

values obtained for the other ion exchange materials were also considerably lower. However, 

the Sr/Rb separation factors remained high and the sodium nonatitanates still outperformed 

hydrous tin dioxide and the organic ion exchange resins. The affinity of sodium nonatitanate 

for strontium is greatest at higher pH values. 

Example 5 - Molybdenum Targets 

The basic steps of a proposed process to obtain 82Sr from irradiated molybdenum targets 

are as follows: 

1. Dissolve the irradiated molybdenum target in 30% hydrogen peroxide, ensuring excess 

hydrogen peroxide is destroyed. 

2. Add sodium hydroxide to bring the pH to approximately 12. 

3. Filter the solution to remove any precipitate. It is predicted that the majority of 88Zr and 

59Fe will be found in the precipitate, and experiments already performed have confirmed 

that 99% or more of the 88Y precipitated out of solution on the addition of Na OH. 

4. Pass the solution through a colunm of sodium nonatitanate and wash the column with two 

bed volumes of O.lM NaCl, adjusted to pH 12 with NaOH. 82Sr and 85Sr will be 

absorbed. 82Rb and other Rb isotopes will remain in the aqueous phase. Molybdate 

anions will also pass through the column. 

5. The column can then be stripped using dilute mineral acid to recover the 82Sr and the 

sodium nonatitanate reused or discarded. 

There is a range of other isotopes present in addition to 82Sr, including 75Se, 73As, 

74As, 7Be, 68Ge, 48V, 60Co (and other Co isotopes), 54Mn, 51Cr and 95mTc. In the 

alkaline target solution, Se, As, V, Ge, Cr, Mn and Tc are expected to be present as anions 

and thus will not be absorbed onto the sodium nonatitanate. Significant amounts of Co would 

be expected to precipitate when the target solution is neutralized, and thus little is expected to 

be available under alkaline conditions to absorb onto the sodium nonatitanate. The most 
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likely isotope to be absorbed is beryllium, because it is a Group Il metal with a similar 

aqueous chemistry to strontium. However, the affinity of sodium nonatitanate for Group Il 

metals decreases in the order Sr > Ca > Mg. No data is available for beryllium, but if the 

trend continues, the affinity would be expected to be low. Thus, any absorbed 7Be would be 

readily removed by an alkaline sodium chloride (or similar) wash. 

The current process for recovering 82Sr from irradiated rubidium metal and rubidium 

chloride targets requires minimal modification to facilitate the use of sodium nonatitanate. 

Both targets are processed following standard processing procedures to generate rubidium 

chloride solutions in an ammonia/ammonium chloride buffer solution. These solutions are 

then passed through a sodium nonatitanate column and washed with additional buffer to 

remove any weakly held rubidium cations. Strontium and possibly some other cationic 

species present will be absorbed onto the nonatitanate column, whereas rubidium cations, 

ammonium cations and anions v.rill rapidly pass through the column. If additional cations are 

absorbed onto the sodium nonatitanate, they can be selectively removed by washing with an 

appropriate eluant (e.g. citrate, nitrilotriacetate.) The strontium selectivity of sodium 

nonatitanate has been shown to be unaffected by a number of common complexants and as a 

consequence, it should be a relatively simple manner to elute any undesirable cations from 

the column, leaving pure 82/85Sr. 

Figure 1 clearly shows the exceptionally high affinity of the sodium nonatitanate 

materials in comparison with the currently utilized organic resin Chelex 100. All of the 

sodium nonatitanates performed equally well in the buffered rubidium target solutions 

indicating that the synthetic conditions are not too important when the material is being used 

in solutions containing high concentrations of rubidium ions. Thus, by replacing the Chelex 

100 with sodium nonatitanate, a more efficient 82Sr isolation can be achieved. 

It has also been shown that it is possible to tailor the selectivity of the sodium 

nonatitanate to achieve the optimum Sr/Rb separation by manipulating the reaction 

conditions. The differing selectivities were most obvious in sodium solutions, with the less 

crystalline materials exhibiting the highest strontium distribution coefficients. However, the 

series of nonatitanates showed little difference in behavior when the predominant cation in 

solution was Rb+. The materials synthesized clearly demonstrated superior characteristics to 

the conunercially available sample in almost all matrices evaluated. The majority of the 

sodium nonatitanate samples also exhibited greater strontium selectivities than hydrous tin 

dioxide in a range of sodium chloride solutions, from IM to O.OOlM. Rubidium selectivities 

were low, making the sodium nonatitanate ideal as a replacement for hydrous tin dioxide in a 

82Rb generator. 
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Commercially, one method of 82-Sr production is via the proton spallation reaction 

with natural molybdenum metal targets. A simulated molybdate target solution was prepared 

as follows. 12.5 g of molybdenum powder was carefully dissolved in 30% H20 2 solution and 

made up to a total volume of 500 mL to produce a clear yellow solution of molybdic acid, 

H2Mo04. Solid sodium hydroxide granules totaling 10.9 g were then carefully added to 

neutralize the solution and bring the pH to approximately 12.3. The colorless solution was 

then filtered to remove any precipitate. This alkaline molybdate solution was spiked with 

either 86Rb or 89Sr and Kd values determined as described previously. Separation factors for 

the strontium/rubidium selectivity were also calculated by dividing the strontium Kd by the 

rubidium K,i, thus allowing the relative affinities of the ion exchange materials to be directly 

compared. The results are illustrated below in Table 5. 

Table 5. Strontium and rubidium absorption from simulated molybdate target solutions 

Material 
AWSOO 
K + Pharmacosiderite 
Sodium Titanosilicate 
Chelex 100 (Na+) 
AG SOW-XS (Na+) 
NaTi (Honeywell) 
NaTi (No hydrothermal) 
NaTi (170°C, 2lhr) 
NaTi (170°C, 3d) 
NaTi (170°C, 7d) 
NaTi (200°C, 2lhr) 
NaTi (200°C, 3 d) 
NaTi (200°C, 7d) 
Zr02 

Sr:K,i mL/g 
7,070 

187,000 
547,000 

3,120 
69 

337,000 
1,690,000 
1,000,000 

829,000 
324,000 
954,000 
687,000 
772,000 
168,000 

Rb K,imL/g 
194 
142 

6500 
5 

18 
27 
12 
12 
14 

3 
12 
11 
9 
8 

Separation Factor 
36.4 

1320 
84.2 

624 
3.83 

12,500 
141,000 
83,300 
59,200 

108,000 
79,500 
62,500 
85,800 
21,000 

From this data, it is clear that the .sodium nonatitanate materials are far superior to 

Chelex 100 and AG SOW-X8 ion exchange resins for the recovery of 82Sr from irradiated 

molybdenum targets. High Kd values in excess of 500,000 mL/g indicate that almost 100% 

strontium removal was achieved by some of the nonatitanate samples, with the residual 

strontium in solution approaching background levels. In the alkaline conditions used in this 

test, the Chelex 100 resin had the lowest affinity for strontium of all of the materials 

evaluated. The selectivity of the sodium nonatitanate for rubidium was lowest for the sodium 

nonatitanate material that was prepared by heating for 1 week at l 70°C to obtain a relatively 

crystalline product. However, strontium selectivity also decreased with increasing reaction 

time. 
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The best overall strontium/rubidium separation factor was obtained for the material 

that had not undergone any hydrothermal treatment. All of the materials performed better 

than the commercially available nonatitanate materials. Thus, it is possible to alter the 

selectivity of the material by controlling the reaction conditions to produce an improved 

sodium nonatitanate material for use in 82Sr separations. Rubidium selectivities were very 

low for all of the nonatitanates, indicating minimal rubidium absorption would occur in a 

column process and that any rubidium absorbed would be readily removed by a dilute saline 

wash. 

The sodium titanosilicate, potassium Pharmacosiderite and A WSOO exhibit 

selectivities for rubidium that are too high to allow their use in the selective removal of 82Sr 

from irradiated molybdenum targets. This high selectivity would result in some rubidium 

being retained on the column that would not be readily removed by a simple saline wash, thus 

leading to contamination of the 82Sr product with both radioactive and stable rubidium 

isotopes. Hydrous tin oxide was not evaluated because, due to the amphoteric nature of tin, 

significant dissolution would be expected at a pH in excess of 12. 

Example 6 - Acid Molybdate Target Solutions 

Sodium nonatitanate has a relatively low affinity for strontium at pH values less than 

6, and was not expected to exhibit any affinity for strontium from the acidic molybdate target 

solutions prior to the addition of sodium hydroxide. Kd values were determined to confirm 

this and to compare it with the Kd values for both Chelex 100 and AG SOW-XS under 

identical conditions. The data obtained is shown below in Table 6. 

Table 6. The affinity of selected ion exchange materials 
for strontium in acidic molybdate target solutions 

Ion Exchange Material 
Solution 
Chelex 100 
AGSOW-X8 
Sodium Nonatitanate (Honeywell) 

Sr~mL/g 

25 
18,300 

1,260 

Final pH of 

1.43 
1.42 
1.53 

These data clearly indicate that for the processing of acid molybdate solutions, the 

strong acid ion exchange resin AG 50W-X8 is the preferred medium. However, the Sr Kct 

value of 18,300 mL/g in the acidic media is nearly two orders of magnitude lower than the Ka 

value of 1,690,000 mL/g that was obtained for the best of the sodium nonatitanate materials 

in alkaline molybdate solutions. Consequently, it is evident that 82Sr can be recovered more 

effectively from alkaline solution using sodium nonatitanate than is currently achieved using 

AG 50W-X8 from acidic media. 
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Example 7 - Rubidium and Rubidium Chloride Target Solutions 

The processing of either rubidium chloride or rubidium metal targets follows a 

similar procedure once the target has been successfully dissolved. In essence, 82Sr needs to 

be selectively extracted from a solution of RbCl in a 0.1 M NH3 I O. lM NH4Cl buffer 

adjusted to a pH of between 9 and 10. Batch experiments were perfom1ed in simulated buffer 

solutions to determine the strontium selectivity in the presence of high concentrations of 

rubidium ions. Only the ion exchange materials that exhibited high strontium selectivities in 

the initial scoping studies with NaCl solutions were evaluated. ~values were obtained as 

described previously. Two rubidium chloride solutions were selected which represent typical 

rubidium concentrations obtained during the processing of rubidium metal (1.95 M Rb+) and 

rubidium chloride targets (0.68 M Rb+). In both cases, Chelex 100 is used in the preliminary 

step to remove the 82Sr from the buffered mbidium solutions. The ~ values for the ion 

exchange materials are shown in Figure 1. 

In the buffered rubidium solutions, there is little difference between the different 

nonatitanates evaluated. This is in stark contrast to the sodium molybdate solutions where a 

large variation in the performance of the titanates was observed. The nonatitanates were 

clearly the most effective materials at removing strontium from the buffered solutions with 

strontium Kd values of around 15,000 mL!g in 0.68 M Rb+ solutions and approximately 

5,000 mL/g in 1.96 M Rb+ solutions. By contrast, Chelex 100 ion exchange resin gave ~ 

values of less than 1,000 mL/g in both solutions. Hydrous titanium oxide and hydrous tin 

oxide also exhibited appreciable ~ values, but they performed less efficiently than the 

nonatitanates in both solutions. Consequently, this data demonstrates that using sodium 

nonatitanate in place of Chelex 100 ion exchange resin will greatly increase the amount of 

strontium extracted from the target solutions. 

The ion exchange materials were also evaluated for their rubidium selectivity from 

0.1 M NH3 / O. lM NH4Cl buffer solution. The buffer was prepared, spiked with 86Rb and the 

pH adjusted to approximately 9.25 with concentrated ammonia. 86Rb Kd values were then 

determined following the method described earlier. All of the sodium nonatitanates had a Kd 

< 20 mL/g. The very low rubidium selectivity in the pure buffer is almost certainly due to 

competition from NH4+ ions for the available ion exchange sites. Consequently, absorption 

of rubidium during the processing of rubidium and rubidium chloride targets will be minimal, 

and any rubidium absorbed will be readily removed by washing with additional 0.1 M NH3 I 

O. lM ~Cl buffer solution. Thus, a clean separation of 82Sr from these targets can be 

obtained using sodium nonatitanate. 
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The performance could also be improved by removing the buffer and increasing the 

pH to improve the amounts of strontium absorbed. (Buffers were initially utilized to 

maximize the performance of the organic ion exchange resins cwTently used and are not 

essential to the 82Sr recovery process.) 

Example 9 - Kinetic Experiments 

In order for the sodium nonatitanate materials to fmd applications in the processing 

of irradiated target solutions, they must exhibit fast ion exchange kinetics allowing solutions 

to be passed through an ion exchange column at an acceptable rate. The kinetics of strontium 

absorption from alkaline molybdate target solutions was evaluated using a simple batch 

procedure. Ion exchange material, in the amount of 0.05 g, was shaken with 10 mL of 

molybdate solution spiked with 89Sr to give a total activity of approximately 155,000 

cpm/mL. After an allotted time, the material was filtered through a 0.2 m syringe filter and 

the activity in the aqueous phase determined by LSC. The results are shown below in Figure 

2. 

From the data in Figure 2, it is clear that the reaction kinetics for the sodium 

nonatitanate powder is extremely rapid, with over 99 % of the 89Sr removed in only 1 

minute. By contrast, the reaction kinetics of the organic ion exchanged resins was much 

slower and the total amount of 89Sr removed after 1 hour was much less. 

The exceedingly rapid kinetics can partly be explained by the fact that the 

nonatitanate was in the form of a fine powder, whereas the two resins were in the form of 

beads (see Table 1). As a consequence, a relatively slow reaction rate would be expected for 

the beads because the uptake of 82Sr will be dependent upon the rate of diffusion of the 82Sr 

to the internal functional groups. The rate of uptake of a sample of sodium nonatitanate 

pellets (using hydrous titanium dioxide as a binder) was significantly slower than the 

powdered form, but the kinetics and amount of 82Sr absorbed was still significantly better 

than for either of the two organic resins. As the pelletization process is improved, it is 

expected that the kinetics and selectivity of the pelletized sodium nonatitanate will improve 

substantially. Other sodium nonatitanate powders of varying crystallinities also showed rapid 

kinetics. Other potentially suitable binders for forming suitable pellets include titanium 

isopropoxide or tetraethyl orthosilicate (TEOS) as a binder precursor. 

Example 10-82Sr Removal from Irradiated Targets Using 

Pelletized Sodium Nonatitanate 
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A sample of sodium nonatitanate was mixed with titanium isopropoxide as a 

binder and the resulting paste dried at 105°C for 12 hours. The material was gently 

broken up using a mortar and pestle and then sieved to produce particles in the range 

40 to 60 mesh. The binder content was approximately 20%. These particles were then 

used to assess the extraction of 89Sr from simulated target solutions. 

1 mL of pelletized sodium nonatitanate was slurried into a column and the 

target simulant that had been spiked with 89Sr to give an activity of approximately 

200,000 cpm/mL was passed through the column at a flow rate of 15 mL per hour. 

The amount of activity removed from solution was then determined. The results are 

given below in Table 1. 

Table 1. Removal of 82Sr From Irradiated Target Solutions 

Target Solution Composition Volume(mL) 82Sr Removed 
(%) 
Rubidium Metal 1.95M RbCl in 20 97.3 

0. IM NH3/NH4Cl 
Buffer, pHlO 

Rubidium Chloride 0.68M RbCl in 20 98.8 
O.lMNH3~Cl 

Buffer, pH 10 

Molybdenum Metal 0.26MNa2MoQ4, pH 12 20 99.9 

This data clearly shows the effectiveness of sodium nonatitanate at removing 

strontium isotopes :from 82Sr target materials. Rubidium absorption under these 

conditions is minimal. 

Example 11 - Elution of Strontium 

Strontium was quantitatively eluted from the sodium nonatitanate column of 

Example 10 using 6M nitric acid. Hydrochloric acid was found to be much less 

effective and also resulted in breakdown of the sodium nonatitanate particles and 

blocked the ion exchange column. 

While the foregoing is directed to the preferred embodiment of the present 

invention, other and further embodiments of the invention may be devised without 
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departing from the basic scope thereof, and the scope thereof is determined by the 

claims that follow. 
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What is claimed is: 

1. A rubidium-82 generator, comprising: 

(a) a strontium-82 support medium comprising sodium nonatitanate. 

2. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is 

characterized by a strontium selectivity greater than 250,000 mL/g at an alkaline pH. 

3. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is 

characterized by a rubidium selectivity less than 100 mLI g at an alkaline pH. 

4. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is 

characterized by a strontium/rubidium separation factor greater than 1,000. 

5. The rubidium-82 generator of claim 1, wherein the sodium nonatitanate is 

characterized by a strontium/rubidium separation factor greater than 100,000. 

6. A process for preparing a rubidium-82 generator, comprising: 

(a) preparing sodium nonatitanate from titanium isopropoxide and aqueous sodium 

hydroxide; 

(b) heating the sodium nonatitanate at a temperature between 100°C and 250°C for a 

period between 12 hours and 2 weeks; and 

( c) absorbing strontium-82 on the sodium nonatitanate from an aqueous solution 

comprising strontium-82 and sodium chloride, wherein the sodium chloride concentration is 

between 0.1 and I molar. 

7. The process of claim 6, wherein the molar ratio of aqueous sodium hydroxide to 

titanium isopropoxide is in excess of0.44. 

8. The process of claim 6, wherein the molar ratio of aqueous sodium hydroxide to 

titanium isopropoxide is between 2 and 6. 

9. A method of chemically isolating strontium-82 from a proton-irradiated molybdenum 

target, comprising: 

(a) dissolving the molybdenum metal target containing the strontium-82; 

(b) adjusting the pH of the dissolved molybdenum target solution to an alkaline pH; 
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( c) removing precipitates from the solution; and then 

(d) absorbing the strontium-82 from the solution onto a support comprising sodium 

nonatitanate. 

10. A process for preparing a solution containing rubidium-82, comprising: 

(a) providing a solution containing strontium-82 at a pH between 10 and 14; 

(b) absorbing strontium-82 onto a sodium nonatitanate support medium; and 

( c) eluting rubidium-82 from the sodium nonatitanate support medium with a solvent. 

11. The process of claim 10, wherein the solvent is selected from the group consisting of 

water and saline solutions. 

12. The process of claim 10, wherein the solvent is an aqueous solution having a sodium 

chloride concentration between 0.001 molar and 1 molar. 

13. The process of claim 10, wherein the solvent is an aqueous solution having a sodium 

chloride concentration between 0.2 molar and 1 molar. 

14. The process of claim 10, wherein the solvent is a pharmaceutical-grade saline and 

buffer solution. 

15. A method of chemically isolating strontium-82 from a proton-irradiated rubidium or 

rubidium chloride target, comprising: 

(a) dissolving the target containing the strontium-82; 

(b) adjusting the pH of the dissolved target solution to an alkaline pH; 

( c) removing precipitates from the solution; and then 

( d) absorbing the strontium-82 from the solution onto a support comprising sodium 

nonatitanate without absorbing rubidium. 
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IMPROVED CONTAINERS FOR PHARMACEUTICALS, 
PARTICULARLY FOR USE IN RADIOISOTOPE GENERATORS 

TECHNICAL FIELD OF THE INVENTION 

The invention is directed to improved containers for pharmaceuticals and the tubing 

and tubing connectors associated therewith, particularly containers for pharmaceuticals which 

are heated, irradiated or otherwise subjected to increased pressure. In a preferred 

embodiment, the invention is directed to an improved container for use in a radioisotope 

generator. Specifically, the designs and materials of the column container and its closure and 

associated tubing and tubing connectors have been improved. 

1 
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SUMMARY OF THE INVENTION 

The invention includes improved pharmaceutical containers, particularly improved 

containers for pharmaceuticals that are subjected to increased pressure (such as by heating or 

other means) and/or are subjected to radioactivity. In a prefen-ed embodiment, the invention 

is directed to an improved container, also called a column, for use in a radioisotope generator. 

In an especially preferred embodiment, the improved column is for use with rubidiurn-82 

generator such as those disclosed in U.S. Patent Nos. 3,953,567; 4,400,358; 4,406,877; 

4,562,829; 4,585,009; 4,585,941; and 5,497,951, incorporated herein by reference in their 

entirety. In a particularly preferred embodiment, the improved column is used in a rubidium-

82 generator such as that sold under the trade name CardioGen®. 

The improved pharmaceutical container of the invention includes an improved seal 

and crimping process, as well as changes to the design of the stopper and the container to 

prevent blockages and improve consistency in packing and closing the container, which 

improves flow rate and elution from the column. 

Further improvements include constructing the container and stopper out of radiation 

resistant or tolerant materials. In addition, flexible tubing used with the container is made of 

a radiation resistant or tolerant material, and the Luer locks used to fasten the flexible tubing 

to the container is made of a radiation resistant or tolerant material and is further improved to 

insure a tight, secure lock which will not inadvertently loosen or disconnect. 

Specifically, the improved container has a new, stronger seal which is used to crimp 

the stopper in a pharmaceutical container and particularly, which is used to seal a 

radioisotope generator column/stopper assembly system, such as the CardioGen® system. 

This improved seal prevents leakage, even at increased pressure, and reduces ballooning of 

the rubber stopper material. The seal has a configuration similar to one of those shown in 

Fig. 5B through Fig. SF and Fig. 6 and is made of any suitably strong material including 
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metal or plastic. A pneumatically operated automatic or semi-automatic crimper, set at 

optimized pressure, is preferably used to crimp the seal during assembly of a pharmaceutical 

container such as a radioisotope generator column/stopper assembly system. The invention 

includes identification of optimized crimping pressure(s) for crimping the seal (regardless of 

material) to a pharmaceutical container such as a glass or plastic vial or column and thus 

securing in place a rubber closure(s) when using an automatic crimping system and/or 

manual crimping. 

The stopper which is crimped into place is also improved. Specifically, it is made of a 

material which is radiation resistant or tolerant, is resistant to ballooning and can withstand at 

least the pressures at which the container operates. Additionally, the configuration and 

placement of the stopper are improved. For example, the improved stoppers form tight seals 

with the column and reduce the "dead volume" at the bottom of the column- space where 

non-radioactive, decayed eluate could mix with (and dilute) fresh, radioactive eluate, 

reducing the efficacy of the eluent. 

The improved pharmaceutical container also includes improvements to the design 

which improve its packing/assembly and thus ensure specified flow of eluent through the 

container. 

These improvements are illustrated in the context of a radioisotope generator column 

container. Flow rate of the eluent through the column could be partially or completely 

blocked if the stopper blocks the outlet arm of the column. As shown in Figure 1, the outlet 

arm of the container of the invention has been repositioned slightly and a small piece of 

plastic removed from the inside edge of the column to create a recess or notch where the 

outlet arm enters the column lumen to prevent a stopper from blocking flow. See Figure 4. 

A small reinforcement piece of resin is added to the outside of the column between the outlet 

arm and column body to provide additional strength. 
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Another improvement in the containers of the inv~ntion addresses consistency of 

assembly and packing of the containers. In prior columns for a radioisotope generator, a 

plastic basket or spacer was supplied separately and was placed on the top of the column 

packing before the seal was inserted and the seal crimped into place. h1 these prior columns, 

placement of the baskets or spacers, which hold the column packing in place, could vary 

significantly, potentially creating some problems with consistency in packing. In the 

improved columns, two small orientation knobs have been added to the outside of the top 

basket/spacer and the orientation knobs are positioned 180° apart. These knobs fit into two 

small slots cut into the wall of the column. This combination eliminates the potential 

variability of manual alignment and depth placement of the basket/spacer into the column and 

ensures a consistent fit every time. Critical to the function of the column is the alignment of 

the basket/spacer openings with the column inlet in the top arm. This prevents potential 

misalignment and consequent restricted flow and possible back pressure and also ensures 

consistent and timely output of eluent to the patient. 

Another improvement is to make the column assembly out of a radiation resistant or 

tolerant material, such as radiation resistant polypropylene. Likewise, the flexible tubing and 

Luer connector are made of radiation resistant or tolerant materials, such as radiation resistant 

polyvinylchloride. Furthermore, the Luer connector on the flexible tube and its counterpart 

Luer connector on the column assembly are configured to provide for a tight lock which will 

not leak and which will not loosen or inadvertently disconnect during use. 
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THE TECHNICAL PROBLEM AND ITS SOLUTION 

The invention was designed to solve a number of technical problems experienced with 

prior art pharmaceutical containers. 

1. Leakage From the Stopper/Column Interface 

Leakage from the flange (or other area) of the seal of prior pharmaceutical 

containers such as column/stopper assembly systems was found to occur when the system 

was exposed to increasing pressure. 

The new seal, consisting of a stronger material crimped at optimized crimping 

pressure, prevents leakage at the flange seal area even at increasing pressure. 

2. Ballooning 

Ballooning and/or burst of rubber materials (both before and after irradiation) 

through the center hole of current aluminum seals has been observed when they are subject to 

repeated pulsations of pressure cycling. The seals of the invention, which are stronger and 

are crimped at optimized pressure, reduce the likelihood of this problem. However, in a 

preferred embodiment the seal used in the improved container of the invention has a center 

hole of reduced size. For example, a seal with the configuration of those in Fig. SB, Fig. 5C, 

Fig. SE or Fig. 6 may preferably be used. Due to the small center hole and strength of these 

seals, and crimping at optimized pressure, ballooning and/or burst of rubber materials is 

prevented. Consequently, pharmaceutical containers of the invention, and particularly 

column/stopper systems of the invention, can be exposed to much higher pressures during use 

of the system in the field. 

In addition, the larger surface area of the crimp resulting from the reduction of 

the diameter of the center hole serves as additi,onal support for the rubber closure and inhibits 

possible rupture as it is weakened over time due to the cumulative effect of exposure to 

radiation from the column or container content. 
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Also, the stopper is made of a radiation resistant or tolerant material. This also 

helps prevent ballooning and bursting. 

3. Leakage Through Puncture Points 

Leakage through puncture points has been observed in prior art pharmaceutical 

containers. Such leakage may be eliminated in containers of the invention through a 

combination of the stronger seal material, preferably a smaller center hole, and crimping at 

optimized pressure. 

4. Splitting of the Seal 

Splitting or tearing of current aluminum seals has been observed at pressures 

intended for use with a pharmaceutical container system (or pressures to which the system 

can potentially be exposed during intended usage in the field). 

Due to the strength of the new seal material, no splitting or rupture of seal 

material is observed at pressures intended for use. For example, the seals on the columns of 

the invention do not split or rupture when used in, for example, a rubidium generator at 

intended pressures. 

5. Inconsistent Manual Crimping Procedure 

The manual crimping procedure commonly used with many prior container 

systems, including radioisotope column systems, is not always consistent and thus may not 

result in reproducible crimping pressures. Over-pressuring can result in buckling and 

collapse of the skirt of the seal material, the closure and/or the container. Under-pressuring 

can result in a loose overseal. Use of the automatic or semi-automatic crimping procedure of 

the invention with compressed or pressurized air results in consistent/reproducible crimping 

pressures, and enables selection of optimized crimping pressures when crimping various seal 

materials. 

6. Maintenance of Consistent Flow/Reduction of Back Pressure 
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In some prior pharmaceutical columns, flow rate of the eluent through the 

column could be partially or completely blocked because the stopper blocked the outlet arm 

of the column. The outlet arm of the container of the invention has been repositioned slightly 

and a small piece of plastic removed from the inside edge of the column to create a recess or 

notch where the outlet arm enters the column lumen to prevent a stopper from blocking flow. 

A small reinforcement piece of resin is added to the outside of the column between the outlet 

arm and column body to provide additional strength. The recessed outlet arm and notch near 

the bottom of the column body greatly reduces the chance of back pressure due to a stopper 

blocking the outlet arm. 

7. Inconsistent Positioning Within Column 

In a column for a radioisotope generator, a plastic basket or spacer is supplied 

separately and is placed on the top of the packed column before the seal or closure is inserted 

and the seal crimped into place. In prior columns, the baskets/spacers, which hold the 

column packing in place, were not easily positioned consistently both in terms of depth and 

orientation. In the improved columns of the invention, two small orientation knobs have been 

added to the outside of the top b,asket/spacer and these orientation knobs are positioned 180° 

apart. These knobs fit into two small slots cut into the wall of the column. This combination 

eliminates the potential variability of manual placement of the basket into the column, 

ensuring a consistent fit from generator to generator and reducing the variability in packing 

density associated with this manual process. 

8. Degradation Due To Radiation 

Many materials degrade when exposed to radiation. Degradation includes possible 

changes in color, loss of flexibility, increased brittleness and the leaching out of various 

substances from the materials. To avoid these potential problems, the column assembly, 
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stopper, flexible tubing and Luer connectors are made out of radiation resistant or tolerant 

materials. 

Frequently, when a material is said to be radiation resistant or tolerant, that means the 

material can withstand the amount of radiation used for sterilization, which is typically about 

25 kGy. For the purposes of the present invention, however, a material is radiation resistant 

or tolerant when it can be exposed to about 145 kGy radiation and not degrade to the point 

where the functioning of the column assembly will be adversely affected. 

9. Properly Closed Luer Locks 

Luer locks are known in the art. However, it can be difficult to determine when a 

Luer lock has been sufficiently tightened to form a tight, non-leaking lock. Thus, one 

improvement is to provide for one or more tabs on each Luer connector. When the tabs 

achieve a certain orientation with respect to each other, for example when the tabs line up, 

such orientation means that the Luer lock has been sufficiently tightened. 

Another potential difficulty with Luer locks is that they can come loose, i.e. 

disconnect, during use, which has the potential of causing a leak. To overcome this potential 

difficulty, the Luer connectors screw together and are each provided with one or more tabs. 

As the Luer connectors approach their fully tightened position, the tabs overlap. Further 

tightening causes the overlapping tabs to pass by each other, which can cause a clicking 

sound or sensation. When this occurs, the Luer lock is sufficiently tightened. Also, the Luer 

locks cannot become loose, e.g. unscrew, because the overlapping tabs will inhibit this action. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figs. lA through lG illustrate the inventive column assembly from different angles 

and cross sections. 

Figs. 2A through 2D illustrate an alternative embodiment of the inventive assembly 

from different angles and cross sections. 

Figs. 3A throu gh 3D illustrate a spacer or basket used in the inventive column 

assembly. 

Fig. 4 illustrates a detailed view of the bottom of the inventive column assembly. 

Fig. SA is a prior art crimp seal. 

Figs. SB through SF illustrate various crimp seals that may be used with the inventive 

column assembly. 

Figs. 6A and 6B illustrate a preferred crimp seal. 

Figs. 7 A through 7D illustrate a stopper for use with the inventive column assembly. 

Figs. 8A through 8D illustrate an improved Luer lock. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring now to Fig. 1, Fig. lA shows a side view and Fig. lB shows a bottom view 

of the inventive container (e.g., column assembly) of one embodiment of the invention. Fig. 

lC is another side view of the inventive column assembly, cut along line A-A of Fig. lB. 

Fig. lD is detail B from Fig. 1 C, at a scale of 3: 1 compared to Fig. 1 C. Fig. lE is a top view 

of the inventive column assembly, cut along line E-E of Fig. lA. Fig. lF is another side view 

of the inventive column assembly, cut along line C-C of Fig. lB. Fig. lG is detail D of Fig. 

lF, at a scale of 2:1 compared to Fig. lF. 

Fig. lA has an inlet arm 1 which has an inlet arm female Luer cap 2 at its distal end. 

The proximal end of the inlet arm 1 attaches to the upper portion of a column 3. There is also 

an inlet arm support means 4 to support the inlet arm 1. The support means is preferably 

material which is added to support the inlet arm 1. Preferably, this material is the same 

material used to construct the column assembly. As shown, the inlet arm support means 4 is 

a triangular shaped member attached to the inlet arm 1 and the column 3, although the shape 

of the support is not limited to a triangle. It can be square, a bar passing from the inlet arm 1 

to the column 3, or any other suitable shape. 

The column 3 has a top portion 5 and a bottom portion 6. The top portion 5 

comprises a first top portion 7 and a second top portion 8. The first top portion 7 is on top of 

and has a diameter greater then the second top portion 8, which is on top of and has a greater 

diameter than the column 3. 

The bottom portion 6 of the column 3 has a similar configuration. It has a first bottom 

portion 9 and a second bottom portion 10. The first bottom portion 9 sits below and has a 

greater diameter than the second bottom portion 10, which sits below and has a greater 

diameter than the column 3. Also shown is a bottom stopper 11. 
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An outlet arm 12 is attached to the bottom portion of the column 3. The distal end of 

the outlet arm 12 terminates in an outlet arm female Luer cap 13. There is also an outlet arm 

support means 14 to support the outlet arm 12. The support means is preferably material 

which is added to support the outlet arm 12. Preferably, this material is the same material 

used to construct the column assembly. As shown, the outlet arm support means 14 is a 

triangular shaped member which attaches to the column and the outlet arm 12, although the 

shape of the support is not limited to a triangle. It can be a square, a bar passing from the 

outlet arm 12 to the column 3, or any other suitable shape. 

Fig. lC shows a cross section of the inventive column assembly, cut through line A-A 

of Fig. 18. As shown, the inlet arm 1, column 3 and outlet arm 12 are hollow. 

Turning to the hollow interior or lumen of the column 3, it first defines a top stopper 

receptacle area 15. Below that and in communication with it is a top basket receptacle area 

16. As shown in Fig. lC, the top basket receptacle area 16 contains a top basket or spacer 17. 

Following that is a packing material containing area 18. Underneath the packing material 

containing area 18 is a bottom screen 19, followed by a bottom open area 20. Underneath the 

bottom open area 20 is a bottom stopper receptacle area 21. 

Fig. 1 C shows the bottom stopper 11 inserted into the bottom stopper receptacle area 

21 of the column 3. Note that the bottom stopper 11 consumes most of the bottom stopper 

receptacle area 21. This minimizes the dead volume in the bottom stopper receptacle area 21. 

Minimization of the dead volume minimizes mixing of fresh, radioactive eluent with non­

radioactive or decayed eluent, which could dilute the fresh eluent, thereby maintaining a 

narrow rubidium-82 bolus profile. 

The inlet arm 1 and outlet arm 12 are each hollow, the hollow portions being 22 and 

23 respectively, and are in communication with the hollow portion of the column 3. As 
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shown in Fig. 1 C, the hollow portion 22 of the inlet arm 1 is in communication with the top 

basket receptacle area 16. 

The intersection of the column 3 and the outflow arm 12 is shown in more detail in 

Fig. lD. As shown therein, no portion of the outflow arm 12 extends into the hollow portion 

of the column 3, as was the case with certain prior art column assemblies. Also, the hollow 

portion 23 of the outflow arm 12 intersects the hollow portion of column 3 at the top of the 

bottom stopper receptacle area 21 or at about the place the bottom stopper receptacle area 21 

and the bottom open area 20 intersect. This configuration, not found in prior art column 

assemblies, prevents the bottom stopper 11 from blocking the outflow arm 12. 

In a preferred embodiment, an outflow notch 25 is formed where the hollow portion 

23 of the outflow arm 12 intersects the hollow interior of the column 3, thus further 

preventing any blockage of the outflow arm 12 by the bottom stopper 11. This embodiment 

is shown in more detail in Fig. 4. 

Fig. lE is a top view of the inventive column assembly. Visible from this perspective 

are, for example, the top basket or spacer 17 and the top basket receptacle area 16. Also 

shown are notches 24a and 24b. 

The notches 24a and 24b are made in the wall of the top basket receptacle area 16. 

As shown in Fig. lE, they are 180 degrees opposed to each other. They are configured to 

cooperate with a pair of protrusions which appear on a top basket (discussed below with 

respect to Fig. 3) such that the protrusions fit into notches 24a and 24b. This configuration 

insures proper placement of the top basket into the top basket receptacle area 16 so that the 

top basket is straight and at the correct depth. In prior art column assemblies, which lacked 

these notches and protrusions, it was possible to insert the top basket in such a manner that it 

was not straight and/or at the wrong depth, which adversely affected the function of the 

column assembly. 
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Fig. lE shows two notches 24a and 24b 180° opposed to each other. It is understood 

that the present invention is not limited to this configuration. Rather, there can be 1, 3, 4, 5, 6 

or more notches or even a ledge present in the wall of the top basket receptacle area 16 in any 

configuration, so long as these notches (or ledge) cooperate with protrusions on the top 

basket to insure its proper fit. 

Fig. lF shows a side view of the inventive column assembly, cut along line C-C of 

Fig. lB. Fig. lG is detail D of Fig. lE, showing an alternative embodiment for the first top 

portion 7a. As shown in Fig. lG, this first top portion 7a slopes downwardly from its top, 

whereas the first top portion 7 of Fig. lF is squared off, i.e., non-sloping. 

Fig. 2 shows an alternative embodiment of the inventive column assembly. As shown 

in Fig. 2D, which is detail B from Fig. 2C at a scale of 3:1, the bottom stopper lla is 

configured to fit into substantially all of the space of the bottom stopper receptacle area 21. 

This insures a better fit between the outer wall of the bottom stopper lla and the inner wall 
i 

of the bottom stopper receptacle area.21, thus further insuring against any leaks. In addition, 

the stopper lla reduces the dead volume in the bottom stopper receptacle area 21. 

Minimization of the dead volume minimizes mixing with non-radioactive or decayed eluent, 

which could dilute the fresh eluent, thereby maintaining a narrow rubidium-82 bolus profile. 

The bottom stopper lla further comprises a bottom stopper hollow space llb. This bottom 

stopper hollow space 11 b helps prevent the bottom stopper lla from blocking the outflow 

arm 12. 

The column assembly is preferably made of polypropylene. Prior art column 

assemblies were made with H5820 polypropylene. While that product can still be used, in a 

preferred embodiment the polyproplylene random copolymers PP P5M4R-034 or PP 13R9A 

(Huntsman Polymers (The Woodlands, TX)) can be used because they are more resistant to 

radiation than the prior art H5820 polypropylene. See the Prospector X5 data sheets with 

13 

1210 of 2568



WO 2006/026603 PCT /US2005/030796 

ATSM and ISO properties for PP P5M4R-034 and PP 13R9A, which are incorporated herein 

by reference in their entirety. Of the two Huntsman polypropylenes, PP 13R9A is the more 

preferred, based upon UV profile, Instron stress testing and appearance after gamma­

irradiation. 

The manufacturing process for the inventive column assembly has also been 

improved. A new automatic mold has been designed which improves the quality and 

appearance of the column assembly, and which increases the efficiency of the manufacturing 

process. Manufacturing is presently done by Duerr Molding (Union, N.J.). 

For example, pins are used to form the hollow portions of the inlet arm 22 and 

outflow arm 23. In the prior art molding process, these pins were not fixed, so they floated. 

As a result, the side wall thickness of the inlet arm 1 and outlet arm 12 varied. In the present 

process, the pins are fixed. Therefore, the thickness of the side walls is more uniform. 

Also, as described above, the position of the outflow arm 12 has been moved, the 

outflow arm no longer protrudes into the hollow interior or lumen of the column 3, and the 

outflow arm resides in a recess or notch. This prevents the outflow arm from being blocked. 

Furthermore, support means 4, 14 are provided to strengthen the inlet arm 1 and the outflow 

arm 12. In addition, notches 24a and 24b are provided for the proper placement of the top 

basket. 

Further improvement to the manufacturing process and column assembly are 

described throughout the instant specification. 

The packing material area 18 of the column 3 is designed to receive packing material. 

The type of packing material used depends upon the intended use of the column arrangement. 

When used as, for example, a rubidium-82 generator, such as CardioGen®, the 

packing material is one which will adhere strontium-82 but will allow for the elution of 

rubidium-82. Strontium(II)-82 decays into rubidium(I)-82. Elution of strontium-82 is not 
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desired because it binds to bone and exposes the patient to unnecessary radiation exposure. 

Presently, stannic oxide is the preferred packing material. 

The packing material is loaded into the column 3 in a conventional manner. The 

column 3 is then loaded with strontium-82 in a conventional manner. For example, the 

closure is punctured by a needle (or similar device) containing the strontium-82 solution. 

The strontium-82 solution is slowly added to the top of the packed column and allowed to 

flow through it by the force of gravity. If necessary, a small vacuum can be used. Also, the 

packing material is preferably wetted before the strontium-82 is added. Slow addition of the 

strontium-82 is preferred because it will result in the strontium-82 being absorbed as close to 

the top of the column as possible. 

Filters, preferably fiberglass filters, can also be used in this conventional loading 

procedure. For example, two fiberglass filters are first placed in the column 3, then a portion 

of the packing material is added, followed by a single fiberglass filter, then the remainder of 

the packing material, then two more fiberglass filters. Once filled, the top basket or spacer 17 

is inserted into the top basket receptacle area 16. The top basket 17 acts as a retainer to hold 

the packing material in place. 

Fig. 3 shows schematics of the spacer or top basket 26 of the inventive column 

assembly. The spacer or top basket 26 is cylindrical in shape with an open top portion 27 and 

a screen 28 at the bottom portion 29. Another top basket or spacer 17 of similar 

configuration is shown in Fig. 1, placed in the top basket receptacle area 16. 

As shown in the embodiment of Figs. 3B and 3D, the top basket 26 actually has three 

cylindrical areas, a top cylindrical area 30, a middle cylindrical area 31 and a lower 

cylindrical area 32. The top 30 and bottom 32 cylindrical areas have diameters about equal to 

each other, and their diameters are greater than the diameter of the middle cylindrical area 31. 
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The top basket 26 also contains protrusions 33a, 33b which are designed to cooperate 

with notches 24a, 24b in the top basket receptacle area 16. In operation, the protrusions 33a, 

33b fit into the notches 24a, 24b to insure proper alignment of the top basket 26 in the top 

basket receptacle area 16. When so positioned, the top basket 26 acts as a retainer to hold the 

packing material in place. 

As shown in Figs. 3A and 3C, the two protrusions 33a, 33b are 180° opposed to each 

other. They are located at the top cylindrical area 30. As was the case with the notches 24a, 

24b, the present invention is not limited to this configuration. Rather, there can be 1, 3, 4, 5, 

6 or more protrusions, in any orientation, so long as they cooperate with the notches to help 

insure a proper fit for the top basket 26 . 

The top basket 26 also contains a side opening 34. As shown in Figs. 3B and 3D, the 

side opening is in the middle cylindrical area 31 of the top basket 26. The purpose of the side 

opening is to line up with the inlet arm 1 when the top basket 26 is placed in the top basket 

receptacle area 16. In this arrangement, when a liquid is introduced into the inlet arm 1, it 

will pass through the side opening 34 into the top basket 26. 

The top basket 26 can be made of any suitable material, such as polypropylene. 

Preferably, the material will be radiation resistant, i.e. resistant to degradation in the presence 

of a radioactive material. More preferably, the top basket 26 is made of the same material 

used to construct the column assembly. In a preferred embodiment, that material is PP 

P5M4-R-034 or PP 13R9A polypropylene (Huntsman Polymers (The Woodlands, TX). Even 

more preferably, the material is the PP 13R9A polypropylene. In a yet further preferred 

embodiment, the top basket 26 is molded at the same time the rest of the column assembly is 

molded. 

As discussed above, Fig. 4 shows a detailed view of the bottom 6 portion of the 

column 3. Fig. 4 shows the outflow notch 25 where the hollow portion 23 of the outflow arm 
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12 intersects the hollow interior of the column 3. The outlet notch 2S prevents blockage of 

the hollow portion 23 of the outflow arm 12 by the bottom stopper 11 (not shown in Fig. 4). 

Fig. S shows various types of crimp seals to use with the present invention. Fig. SA 

shows the current, prior art crimp seal. Figs SB-SF show various alternate embodiments of 

the crimp seal. 

The function of the crimp seal is to form a tight, crimped seal between the stoppers 

(described below) and the pharmaceutical container to prevent leakage. Also, a central hole 

is provided in the crimp seal to allow for the insertion of a needle or similar device. In one 

preferred embodiment the pharmaceutical container is a column, or column assembly, such as 

one used in a rubidium generator. 

The crimp seal can be made of any material, such as plastic or metal. The material 

should preferably be radiation resistant, and of sufficient strength to ·withstand pressures of at 

least 90 psi and preferably up to 160 psi. More preferably, the material should be metal. 

Preferred metals comprise aluminum, steel and tin, or suitable alloys or mixtures thereof. 

The metal can be optionally coated. For example, tin coated steel can be used. 

The diameter of the crimp seal will vary according to use, for example, vary 

according to the diameter of the pharmaceutical container which is to be crimped. With 

respect to a column assembly to be used as a rubidium-82 generator, such as CardioGen®, 

the diameter of the crimp seal is preferably about 20 mm across its top. 

Fig. SA shows a conventional prior art crimp seal 35. It is made out of aluminum 

which is about 0.2 mm thick, has a flat top portion 36 with a diameter of about 20 mm with 

central hole 37 of about 9 .5mm in diameter and a skirt 38 about 7 .5mm high. 

There are several potential problems with this prior art crimp seal. First, because 

aluminum with a thickness of only about 0.2 mm is used, the crimp seal might not be strong 

enough to insure a strong, leakproof seal. Second, the central hole 37 is large, and therefore 
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the stopper might not be properly supported. Also, the larger central hole 37 may allow for 

ballooning of the stopper. Third, this crimp seal is manually crimped to the column 3. 

Manual crimping can result in undesirable variability of crimping pressure and, accordingly, 

can affect how well the crimp seal 35 seals the column 3 to prevent leakage. 

Fig. SB shows one type of useful crimp seal 39. This crimp seal 39 comprises two 

parts, a top crimp member 40 and a bottom washer 41. Both the top crimp member 40 and 

the bottom washer 41 are made of aluminum (vendor -West). The thickness of the aluminum 

for each part can vary depending upon the intended use, but the aluminum used for each 

member is generally about 0.2 mm thick. 

The top crimp member 40 has a central hole 42 and a skirt 43. The size of each, and 

the diameter of the crimp seal, can vary depending upon use. As shown in Fig. SB, the 

central hole 42 has a diameter of about 6.4mrn and the skirt 43 is about 7.6mrn high. The 

diameter of the top crimp member 40 is about 20 mm. The top crimp member 40 also has a 

cover 44, which covers the central hole 42 when not in use but can be pulled or pealed back 

when in use. Also, while none of Figs. 5C through 5F or Fig. 6 show a cover, it is 

understood that each of these embodiments can employ a cover if desired. 

Fig. SB also employs a bottom washer 41. The bottom washer 41 contains a central 

hole 45. The bottom washer central hole 45 can have a diameter greater than, the same as or 

smaller than the diameter of the central hole 42 in the top crimp member 40. As shown in 

Fig. SB, both central holes 45, 42 have about the same diameter, i.e. about 6.4mrn. The 

bottom washer 41 does not have a sldrt. The diameter of the bottom washer 41 is about 20 

mm. 

When used, the bottom washer 41 is placed below the top crimp member 40 and both 

are crimped into place. Crimping is preferably performed via an automatic or semi-automatic 

18 

1215 of 2568



WO 2006/026603 PCT /US2005/030796 

crimper, which is discussed in more detail below. In the alternative, other processes which 

control the crimping pressure applied can be used. 

Fig. SC shows another embodiment of the inventive crimp seals. This crimp seal 46 

comprises a single member. It is made out of steel (vendor - Microliter). The thickness of 

the steel can vary according to the intended use, but is generally about 0.2 mm thick. This 

crimp seal 46 is about 20 mm in diameter, contains a central hole 47 of about 5.0mm in 

diameter and has a skirt 48 about 7.2rnm high. The crimp seal 46 is preferably crimped into 

place using an automatic or semi-automatic crimper, although other processes which control 

the pressure applied can be used. 

Fig SD shows yet another embodiment of the inventive crimp seals. This crimp seal 

49 comprises a single member. It is made out of steel (vendor - Microliter). The thickness 

of the steel can vary according to the intended use, but is generally about 0.2 mm thick. This 

crimp seal 49 has a diameter of about 20mm, contains a central hole 50 of about 8.0mm in 

diameter and a skirt 51 about 7.2mm high. The crimp seal 49 is preferably crimped into 

place using an automatic crimper, although other processes which control the pressure 

applied can be used. 

Fig. SE is yet still another embodiment of the inventive crimp seals. This 

embodiment comprises two parts, a top crimp member 52 and a bottom washer 53. Both the 

top crimp member 52 and the bottom washer 53 are made of aluminum (vendor - Microliter). 

The thickness of the aluminum can vary depending upon the intended use, but the aluminum 

used for each member is generally about 0.2 mm thick. 

The top crimp member 52 has a central hole 54 and a skirt 55. The central hole S4 

has a diameter of about 9.6 mm and the skirt SS is about 7.6 mm high. The top crimp 

member 52 has a diameter of about 20mrn. 
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The top crimp member 52 also contains an insert 56, which is seated in or under the 

central hole 54. The insert 56 can be made of any suitable substance, but is preferable made 

of metal, such as steel, aluminum or tin, or plastic. The insert 56 also contains an insert 

central hole 57, which has a diameter of about 5 mm. 

The bottom washer 53 also has a central hole 58, which has a diameter of about 5 

mm. The bottom washer 53 is about 20 mm in diameter and it does not have a skirt. 

When used, the bottom washer 53 is placed below the top crimp member 52 and the 

insert 56 and then all are crimped into place. Crimping is preferably performed using an 

automatic or semi-automatic crimper, although other processes which control the pressure 

applied can be used. 

Fig. SF shows yet another embodiment of the inventive crimp seals. Like Fig. SE, 

Fig. SF employs two members, a top crimp member 59 and a bottom washer 60. Both 

members are made of aluminum (vendor-Microliter). While the thickness of the aluminum 

can vary with the intended use, generally each member is about 0.2 mm thick. 

The top crimp member 59 contains a central hole 61 and a skirt 62. The central hole 

61 has a diameter of about 9.6 mm and the skirt 62 is about 7.6 mm high. The top crimp 

member 59 has a diameter of about 20mm. 

The bottom washer 60 also has a central hole 63. The bottom washer central hole 63 

has a diameter of about 11.4 mm. The diameter of the entire bottom washer 60 is about 

20mm. The bottom washer 60 does not have a skirt. 

When used, the bottom washer 60 is placed below the top crimp member 59. Both are 

then crimped into place. Preferably, an automatic crimper is employed, although other 

processes which control the pressure applied can be used. 

Fig. 6 is an alternate and preferred embodiment of the inventive crimp seals. This 

crimp seal 64 comprises a single member. It is made out of steel (vendor- Microliter), code 
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#20-000 M. See the Microliter Product Catalog, which is incorporated herein by reference in 

its entirety. The thickness of the steel is about 0.20 mm. 

The crimp seal 64 contains a central hole 65 and a skirt 66. The central hole 65 is 

about 5.00 mm± 0.25 mm in diameter and the skirt 66 is about 7.00 mm± 0.25 mm high. 

The entire crimp seal 64 has a diameter of about 20.75 mm± 0.25 mm. The crimp seal 64 is 

preferably crimped into place using an automatic or semi-automatic crimper. 

Fig. 7 shows an improved stopper 67 to be used with the inventive column assembly. 

The stopper 67 is preferably made from a material which will form a tight seal with the 

column assembly. In a preferred embodiment the stopper 67 is made of a material which is 

also resistant to radiation. 

Prior art stoppers were made of materials such as Itran-Tompkins PT-29 green 

neoprene rubber. 
1 
This material had two potential disadvantages. First, it could degrade when 

exposed to radiation. Second, it contained latex, which could cause allergic reactions. 

Various materials were compared to the PT-29 green neoprene used in the prior art. 

These materials included neoprene, isoprene, bromobutyl, chlorobutyl, nitrile, 

isoprene/chlorobutyl, EPDM (ethylene propylene diene monomer) and Viton®. These 

materials were coated, uncoated, siliconized and non-siliconized. 

These materials were made into column assembly stoppers and were irradiated 

simulating the exposure from a lOOmCi generator over a time period of 45 days (about 145 

kGy). Irradiated stoppers were compared to non-irradiated controls by integrity (pressure) 

testing of the column/stopper assemblies. Assemblies were pressurized to determine load 

pressure required to cause ballooning of rubber materials or lealcs/burst at the seal closure (up 

to about 200 psi). In addition, for the purpose of determining potential rubber extractables 

and/or leechables, additional column/stopper assemblies were irradiated in the presence of 
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0.9% saline solution. The saline solution was then scanned at 250mm for UV absorbing 

extractables. 

Three elastomeric compositions were identified as suitable to use in the stoppers of 

the invention: West Pharmaceutical Services (Lionville, PA) 4588/40 isoprene/chlorobutyl; 

American Stelmi (Princeton, NJ) 6720 bromobutyl; and Helvoet-Pharma (Pennsauken, NJ) 

Helvoet FM 140/0 chlorobutyl. Of these materials, the most preferred product to use is the 

West 4588/40 isoprene/chlorobutyl. Other materials may be used as long as they provide the 

stopper characteristics specified herein. 

The stopper 67 should be configured so that it forms a tight seal with the column 

assembly and minimizes the dead volume (mixing), thus maintaining a narrow rubidiurn-82 

bolus profile and maximizing efficiency. One preferred structure for the stopper is shown in 

Fig 7. 

Referring to Fig 7B, the stopper 67 comprises a generally cylindrical top section 68 

and a generally cylindrical bottom section 69. The diameter of the stopper bottom section 69 

is about the same as or slightly larger than the inside diameter of the first top p01tion 7 and 

first bottom portion 9 of the cylinder 3, assuming both of these portions 7, 9 have the same 

diameter. If these portions have different diameters, then the cylindrical bottom section 69 of 

the stopper 67 will have about the same or slightly larger inside diameter as the portion 7, 9 it 

is intended to be inserted into. The reason for this configuration is to insure a tight fit 

between the stopper 67 and the first top 7 and first bottom 9 portions of the cylinder 3. A 

tight cylinder 3/ stopper 67 interface helps prevent leakage. 

The stopper top section 68 has a greater diameter than the stopper bottom section 69 

to prevent the stopper 67 from being inserted too far into the cylinder 3. In addition, 

optionally the stopper top section 68 can have a curved upper edge 70. 
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The stopper bottom section 69, in one preferred embodiment, contains a U-shaped 

groove 71 in its base. See Fig 7 A. The U-shaped groove 71 traverses greater than half the 

length of the stopper bottom section 69, and it terminates in a semi-circular section 72. 

Preferably, the center point 73 of the semicircular section 72 should be about at the center 

point of the stopper bottom section 69. 

The stopper top section 68 contains a central circular indentation 74 in its top surface. 

See Fig 7C. Preferably, the diameter of the central circular indentation 74 has a diameter 

about equal to the width of the U-shape groove 71. As shown in Figs 7B and 7D, the central 

circular indentation 74 and the U-shaped groove 71 should preferably line up with each other 

when the stopper is viewed through its cross-section. The central circular indentation 74 and 

U-shaped groove 71 allow for easy insertion of a needle or similar device into the stopper 67. 

The surface of the stopper top section 68 also contains three spherical dots 75a, 75b, 

75c and an indicia, such as a spherical lug 76. They are spaced equidistant from each other 

around the central circular indentation 74. Also, the spherical lug 76 is placed so that it is 

above the U-shaped grove 71. In this configuration, when the stopper 67 is inserted into the 

first top portion 7 of the column 3, the spherical lug 76 can be lined up with the inlet arm 1. 

Thus, the open end of the U-shaped groove 71 will face the inlet arm 1, thus preventing its 

blockage. 

The same holds true for the first bottom portion 9 of the column 3. When the stopper 

67 (stopper 11 shown in Fig. 1 and stopper llb in Fig. 2 can have the same or different 

configurations from stopper 67) is inserted therein, the spherical lug 76 is lined up with the 

outlet arm 12. The open end of the U-shaped groove 71 will then face the outlet arm 12 and 

prevent its blockage. 

It is understood that the present invention is not limited to a U-shaped groove 71. 

Any other configuration, such as a notch, can be used so long as any potential blockage is 
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avoided. In fact, if there is no potential for blockage, the U-shaped groove 71 or alternative 

structure can be eliminated. 

The stopper 67 is affixed to the column 3 via crimping, using the crimping seals 

described above in Figs. 5 and 6. In the prior art, crimping was performed manually. The 

disadvantage of manual crimping is that it is not always uniform. One problem this can cause 

is leakage. To overcome this potential problem, the present invention preferably uses 

automatic or semi-automatic crimping. 

Any automatic or semi-automatic crimper can be used for the present invention, so 

long as it can consistently crimp seals at a specified, controlled pressure. One preferred type 

of automatic crimper is a pneumatic crimper, which is powered by gas. One example of a 

pneumatic crimper suitable for the present invention as an AP/CP2000 Lightweight Air 

Crimper/Decapper (Laboratory Precision Limited, UK). See Laboratory Precision Limited 

brochure copyrighted April 4, 2001, which is incorporated herein by reference in its entirety. 

In the crimping process, a stopper 67 is inserted into the top portion 5 or bottom 

portion 6 of the column 3, so that it is seated in the first top portion 7 or first bottom portion 

9, respectively. A crimp seal or a crimp seal and washer (see Figs. 5 and 6) is/are placed over 

the stopper 67. The crimp seal or crimp seal and washer are then crimped into place, either 

manually or, preferably, automatically or semi-automatically. While the crimping pressure 

used is optimized based upon the configuration and material of the crimp seal and stopper, 

generally about 117 ± 3 psi pressure is used. 

The resulting crimped crimp seal/stopper configuration can withstand the operative 

pressures of the system and can further withstand pressures of at least 90 psi and preferably 

up to 200 psi. 

When in operation, connector tubes (not shown) are connected to the column 

assembly. Referring to Fig lA, both the inlet arm 1 and the outlet arm 12 have a female Luer 
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cap 2, 13 at their distal ends. These female Luer caps 2, 13 engage male Luer caps at the 

proximal ends of the connector tubes. 

Prior art connector tubes can discolor from clear to brown and harden upon prolonged 

exposure to radiation. Also, the Luer connector can discolor and become brittle. In addition, 

the Luer connectors can loosen or become unintentionally disconnected during shipping or 

use. 

Accordingly, the present invention includes constructing connector tubing out of 

radiation resistant materials. Preferably, the tubing is made from a flexible radiation resistant 

polyvinyl chloride (PVC) and the Luer connector is made from a rigid radiation resistant 

PVC. For example, a preferred material for constructing the tubing is AlphaGary PVC 2232 

A/R-788 Clear 030X. See AlphaGary Test Result Certificate, Report Date 8/20/99; 

Technical Data, Date of Origin 8/99; and Material Safety Data Sheet printed 04/05/00; which 

are incorporated herein by reference in their entirety. A preferred material for constructing 

the Luer connector is AlphaGary PVC 2212 RHT/1-118 Clear 080X. See AlphaGary Data 

Sheet, Revision Date 4/02, which is incorporated herein by reference in its entirety. Also, 

using this AlphaGary rigid PVC for the Luer connector allows the heat bonding of tubing to 

the Luer connector. 

The present invention further includes an improved Luer lock. The improvements are 

described below. An embodiment of this improved Luer lock is set forth in Fig. 8. These 

improved Luer locks can be used with the pharmaceutical containers of the present invention, 

or in any other indication where it is desirable to have a connection that will not inadvertently 

loosen or disconnect. 

In the embodiment of Fig. 8, Fig SA show a side view of the inventive column 

assembly with the inlet arm 1 projecting forward. Also shown is the female Luer cap 2 at the 

distal end of the inlet arm 1. 
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As shown in Fig. 8C, the female Luer cap 2 terminates in a flange 77. The flange 77 

can be flat or, as shown, contain a groove 78. Other configurations, known in the art, can 

also be used. 

The flange 77 is configured to engage and mate with threads 78 in a male Luer cap. 

79. When the two caps 2, 79 are screwed together, they form a tight Luer lock which will be 

leak resistant. This configuration is shown in Fig. SD. 

One difficulty with a Luer lock is to know when the male and female caps 79, 2 have 

been connected sufficiently to form a tight lock. To overcome this problem, one or more tabs 

are provided on each of the male 79 and female Luer caps 2. As shown for example in Figs. 

SC and 8D, two tabs are provided on each cap 80a, 80b, 81a and Slb, although it is 

understood that the invention is not limited to this configuration only. For example, each of 

the Luer caps can also contain 1, 3, 4, 5, 6 or more tabs. 

In one embodiment, the female Luer cap tabs 80a, 80b and the male Luer cap tabs 

Sla, 81b are so positioned that when the Luer locks is sufficiently tight, the tabs line up with 

each other. This way, a user knows when tightening is completed. The present invention, 

however, is not limited to this one configuration, so long as the tab or tabs on each of the 

Luer connectors 79, 2 are arranged in a desired configuration to demonstrate that the Luer 

connectors 79, 2 are sufficiently tightened. In another preferred embodiment, as shown in 

Fig SD, the male Luer cap tabs 81a, Slb overlap with the female Luer cap tabs 80a, 80b. 

The tabs are so positioned that this overlap occurs when the tightening is complete. At the 

point of desired tightening, the tabs 80a, 80b, 8la, 81b pass by or click past each other. That 

way, the Luer locks cannot be over- or under-tightened. Also, inadvertent loosening or 

disconnection of the Luer lock during use or shipping is prevented by the overlapping of the 

tabs, preventing the Luer connectors 79, 2 from turning in a loosening direction. 
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When the inventive column assembly is used as, for example, a rubidium-82 

generator, it is pre-packaged with strontium-82 in the factory. That is, the product shipped to 

the customer is radioactive. Therefore, the radioactive column assembly is shipped in a 

shielded (e.g. lead) container. 

Nevertheless, leakage is still a concern upon shipping. Thus, to improve safety when 

the radioactive column assembly is shipped, an inventive improvement is to ship the product 

with a liquid absorbent pad. Preferably, 'the shipping pad is a GPlOO absorbent pad (Shell 

Packaging Corporation, Springfield, NJ). GPlOO is a 100% polypropylene non-woven mat of 

randomly oriented micro-fibers (2-10 micron diameters). See SPC General Product 

Specifications for GPlOO dated May 26, 2003, which is incorporated herein by reference in 

its entirety. This type of shipping pad, which may have various configurations, thicknesses 

or absorbent capacities, is useful in absorbing any leaks which may occur. 
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SUMMARY OF THE PREFERRED EMBODIMENTS 

Improved Seal 

The new seal, which is used to crimp the rubber stopper in place in a pharmaceutical 

container and particularly, which is used to seal a radioisotope generator column/stopper 

assembly system, such as CardioGen®, is preferably made of a sufficiently strong material to 

eliminate the problems discussed above. Figs. SB through SF and Fig. 6 illustrate various 

method of reinforcing the top portion of the seal by use of a second layer (washer) or use of a 

stronger material such as steel/tin in addition to reducing the size of the center hole. The 

material may include metal or plastic, but is preferably metal. The metal may include heavy 

gauge aluminum, steel or tin, but is preferably steel or tin. The seal generally has the 

configuration shown in Fig. SB through SF and Fig. 6 and may have a small or large central 

hole, a shorter or longer skirt and optionally, a cover (e.g., plastic or aluminum over the 

central hole). The dimensions of the seal will vary, and one skilled in the art will understand 

that they should be appropriate to the container which is being sealed. Approximate 

dimensions for seals for a radioisotope generator column are shown in the various examples 

in Figure 5 and in Fig. 6. These dimensions are approximate and are not intended to be 

limiting. 

The central hole of the seals of the invention may vary in size. In a preferred 

embodiment the seal has a smaller central hole such as, for example, those proportional to the 

central holes shown in Fig. SB, Fig. 5C, Fig. SE and Fig 6. 

In one embodiment, seals of Fig. SB through Fig SF and Fig. 6 are used to seal a 

radioisotope generator column. These seals are available from the vendors West 

Pharmaceutical Services (Lionville, PA) and Microliter Analytical Supplies Inc. (Suwannee, 

GA). In a particularly preferred embodiment, the central hole of the seal is reduced in size 

such as in the seals in Fig. SB, Fig. SC, Fig. SE and Fig. 6. The preferred configuration for 
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this application is a 1-piece steel/tin crimp with a center hole of approximately 4-5 mm 

diameter and a skirt length of approximately 7.2 to 7.5mm as shown in Fig. 6. 

The combination of using a stronger material such as steel/tin or heavier gauge 

aluminum and reduction of the center hole results in optimum performance in maintaining a 

secure leakage free seal under high pressure and particularly repeated exposure (pulsing or 

cycling) to high pressure as occurs with the use of the rubidium-82 generator as the enlarged 

surface area of the crimp limits excessive expansion of the rubber closure under pressure. 

The use of a stronger material such as steel/tin or heavy gauge aluminum further 

improves the performance of the crimp by reducing the likelihood of failure due to relaxation 

or fatigue of the seal flange which is formed at the point where the crimp skirt is folded under 

the column or container flange when exposed to high or pulsating pressures. It is understood 

that the skirt length can :qe varied to provide a proper fit with the container/rubber seal 

combination to which it is applied. 

Improved Seal 

In a preferred embodiment improved stoppers are used. Such stoppers are made of a 

radiation resistant material, preferably isoprene/chlorobutyl and most preferably West 

4588/40 isoprene/chlorobutyl. Additionally, the configuration and placement of the stoppers 

are improved so that they form tight seals with the column, do not block the inlet or outlet 

arms and reduce the "dead volume" at the bottom of the column. In a preferred embodiment 

the stoppers are designed to facilitate insertion of a needle or similar device and contain 

indicia indicating proper insertion orientation. In the most preferred embodiment, the 

stoppers have the configuration shown in Fig 7 A, Fig 7B and Fig. 7C. 

Automatic Crimper and Improved Crimping Process 

In a preferred embodiment, an automatic or semi-automatic crimper is used to crimp 

the seals of the invention. The automatic or semi-automatic crimper is set at an optimized 
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pressure and is able to crimp seals of any material during assembly of a pharmaceutical 

container such as a radioisotope generator column/stopper assembly system. Suitable 

automatic crimpers include pressurized and/or compressed air crimpers such as those 

available from Laboratory Precision Limited under the trade name/model number 

AP/CP2000. Use of the automatic or semi-automatic crimping procedure of the invention 

with compressed or pressurized air results in consistent/reproducible crimping pressures, and 

enables selection of optimized crimping pressures when crimping various seal materials. 

Use of optimized pressures improves the performance of the seals of the invention 

and also improves performance of seals of only moderate strength, such as lighter gauge 

aluminum and some plastics. 

The automatic or semi-automatic, pneumatically powered crimper used to apply the 

seal is preferably operated at an optimized pressure of between 60 - 140 psi. However, 

although automatic or semi-automatic crimpers are preferred, it should be noted that 

application of the seal is not limited to automated equipment, and systems ranging from 

manual to fully automatic may be used, provided their operation can be optimized to produce 

repeatable and consistent predetermined pressures in applying the seals. 

Column Design Improvements 

Manufacturing Process: To create the new column design, a new automatic mold has 

been designed. The mold and the new columns produced therein exhibit improved column 

quality and appearance. The new mold also increases the efficiency of the manufacturing 

) 

process. The increased speed of the new automated mold enables one operator to run the 

process efficiently. 

Column Design: The improved pharmaceutical container also includes improvements 

to the design which ensure specified flow of eluent through the container and improve its 

packing and consistency. In one embodiment the improved container comprises a column 
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used in a radioisotope generator. The improved column includes a repositioned outlet arm, 

and the column outlet resides in a recess or notch in the inside ledge of the column where the 

outlet arm enters the column lumen, to prevent a stopper from blocking the flow. These 

improvements further include introducing small reinforcement pieces of resin to the outside 

of the column between the outlet arm and column body and between the inlet arm and 

column body to provide additional strength. Additionally, the seam of the inlet and outlet 

arms has been eliminated by changing the mold runners. This change has improved the 

consistency of the inlet and outlet arm diameters and made the arms stronger. 

Furthermore, to address consistency of packing of the containers, two small alignment 

slots have been cut into the wall of the column to receive the orientation knobs on the baskets 

that properly align and seat the basket in the column and limit the insertion depth into the 

column. This improves the consistency of packing density and eliminates potential blockage 

of the inlet arm. Additionally, in one embodiment, the improved column has stopper flanges 

and Luer flanges with much smoother surfaces with sharper edges to improve the sealing 

ability of the crimp. These attributes improve stopper and Luer contact to the column and 

greatly reduce the chance of leakage. Also, the flashing on the column is reduced greatly to 

enhance the appearance of the part. 

Finally, the column assembly is made from a radiation resistant or tolerant material. 

The most preferred material is Huntsman PP 13R9A polypropylene. 

Luer Lock and Connector Tube Improvements 

The Luer locks and connector tubes used with the column have also been improved. 

First, the connector tubes are made from a radiation resistant or tolerant material. Preferably, 

this material is AlphaGary PVC 2232 A/R-788 clear 030X. 

31 

1228 of 2568



WO 2006/026603 PCT /US2005/030796 

Second, the terminal end of the connector tube which attaches to the column contains 

a male Luer cap. This male Luer cap is made of a radiation resistant material, preferably 

AlphaGary PVC 2212RHT/1-118 clear 080X. 

Third, the male and female Luer caps screw together and each contains tabs, 

preferably two tabs each. When the tabs line up with each other in one embodiment or 

overlap with each other in another embodiment, that indicates that the two Luer caps are 

sufficiently tightened or screwed together to form a tight seal or lock. Also, in a preferred 

embodiment the overlapping tabs prevent the Luer caps from becoming loose, ie unscrewing 

inadvertently. 

Shipping Improvements 

The columns can be shipped pre-loaded with, for example, strontium-82. Therefore, 

the columns are shipped in sealed containers containing GP-100 absorbent material to absorb 

any leakage. 

The above description is to be taken as illustrative and not in the limiting sense. 

Many modifications can be made to the design without deviating from the scope thereof. 
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What Is Claimed Is: 

1. An improved pharmaceutical container for containing a pharmaceutical agent 

which is heated, subjected to increased pressure or radioactive, comprising: 

a. an inlet arm, 

b. a hollow column, and 

c. an outlet arm, 

wherein the improvement comprises configuring the outlet arm so that it does not protrude 

into the hollow portion of the column, and support means to support the inlet arm and the 

outlet arm. 

2. The improved pharmaceutical container of claim 1, wherein the container is 

constructed of a material which is resistant to radiation. 

3. The improved pharmaceutical container of claim 1 or 2, wherein the container 

is constructed of a radiation resistant polypropylene. 

4. The improved pharmaceutical container of any of claims 1 through 3, wherein 

the container is constructed of PP 13R9A polypropylene. 

5. An improved pharmaceutical container of any one of claims 1 through 4, 

wherein a notch is provided in the hollow column at the point where the outflow arm 

intersects the hollow column. 

6. The improved pharmaceutical container of any one of claims 1 through 5, 

further comprising a basket receptacle area inside the column for receiving a basket where the 

inlet arm intersects the column, said basket receptacle area further comprising one or more 

notches, said notches configured to cooperate with one or more protrusions on a basket to be 

inserted into the basket receptacle area in such a way so as to insure that the basket is 

properly seated in the basket receptacle area. 
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7. The improved phannaceutical container of any one of claims 1 through 6, 

further comprising two stoppers which form tight seals with and prevent leakage from an 

open top end and an open bottom end of the column, wherein said stoppers are made of a 

material which is resistant to radiation, optionally further comprising a packing material 

and/or a pharmaceutical agent. 

8. The improved pharmaceutical container of claim 7, wherein the bottom 

stopper takes up substantially all of the space at the open bottom end of the column, without 

blocking the outlet arm, so as to reduce the amount of the dead volume at the bottom of the 

column. 

9. The improved pharmaceutical container of claim 7 or 8, wherein said stoppers 

are made of a material selected from the group consisting of isoprene/chlorobutyl, 

bromobutyl and FM 140/0 chlorobutyl. 

10. The improved pharmaceutical container of claim any one of claims 7 through 

9, wherein said stoppers are made of isoprene/chlorobutyl. 

11. The improved pharmaceutical container of any one of claims 7 through 10, 

wherein each of said stoppers comprises a top cylindrical portion and a bottom cylindrical 

portion, said bottom cylindrical portion having a diameter sufficient to insure a tight seal 

between the stopper and the cylinder interface, and said top cylindrical portion having a 

diameter greater than the bottom cylindrical portion. 

12. The improved pharmaceutical container of claim 11, wherein the bottom 

cylindrical portion contains a U-shaped channel at its base. 

13. The improved pharmaceutical container of claim 12, wherein the top 

cylindrical portion has indicia disposed on its surface, said indicia disposed so that it 

indicates the direction of the open end of the U-shaped channel. 
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14. The improved phannaceutical container of any one of claims 8 through 13, 

further comprising a centrally located indentation at a top end of the stopper. 

15. The improved pharmaceutical container of any one of claims 8 through 14, 

wherein the stoppers are held in place by crimping a crimp seal around the stoppers to affix 

them to the container. 

16. The improved pharmaceutical container of claim 15, wherein the crimping is 

performed with an automatic or semi-automatic crimper. 

17. The improved pharmaceutical container of claim 15 or 16, wherein the 

automatic crimper is a pneumatic crimper. 

18. The improved pharmaceutical container of any one of claims 15 through 17, 

wherein the crimp seal is crimped at a pressure of about 60-140 psi. 

19. The improved pharmaceutical container of any one of claims 15 through 18, 

wherein the crimp seal is constructed of a material which is resistant to radiation. 

20. The improved pharmaceutical container of any one of any one of claims 15 

through 19, wherein the crimp seal is constructed of a material selected from the group 

consisting of aluminum, steel and tin. 

21. The improved pharmaceutical container of any one of claims 15 through 20, 

wherein the crimped stopper is able to withstand a pressure of between 90 psi and 200 psi 

inside the sealed container. 

22. The improved pharmaceutical container of any one of claims 15 through 21, 

wherein the crimp seal is made of aluminum and comprises a top crimp member and a bottom 

washer. 

23. The improved pharmaceutical container of claims 15 through 21, wherein the 

crimp seal is made of steel and comprises a single crimp seal member. 
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24. The improved pharmaceutical container of claim 22, wherein the top crimp 

member comprises a generally circular surface with a central hole and a skirt, and the bottom 

washer comprises a generally circular surface with a central hole. 

25. The improved pharmaceutical container of claim 23, wherein the crimp seal 

member comprises a generally circular surface with a central hole and a skirt. 

26. The improved pharmaceutical container of claim 22 or 24, wherein the top 

crimp member further comprises an insert, said insert being seated in or under the central 

hole, and further wherein said insert contains a central hole whose diameter is less than the 

diameter of the central hole in the top crimp member. 

27. The improved pharmaceutical container of any one of claims 15 through 21, 

23 and 25, wherein said crimp seal comprises a single crimp seal member made of steel with 

a generally circular surface having a diameter of about 20.75 mm± 0:25 mm and a skirt with 

a height of about 7.00 mm± 0.25 mm, and wherein said generally circular surface has a 

central hole with a diameter of about 5.00 mm± 0.25 mm. 

28. The improved pharmaceutical container of any one of claims 15 through 27, 

further comprising a removable cover which covers the central hole in the top crimp member. 

29. The improved pharmaceutical container of any one of claims 1through28, for 

generating rubidium-82. 

30. The improved pharmaceutical container of any one of claims 1 through 29, 

further comprising a first connector tube which att~ches to the inlet arm via a Luer lock, and a 

second connector tube which attaches to the outlet arm via a Luer lock, wherein a portion of 

each Luer lock is affixed to each of the connector tubes and another portion of the Luer locks 

is affixed to each of the inlet arm and outlet arm. 
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31. The improved pharmaceutical container of claim 30, wherein the connector 

tubes and the Luer lock portions attached to the connector tubes are made of materials which 

are resistant to radiation. 

32. The improved pharmaceutical container of claim 30 or 31, wherein the 

connector tubes are made of a flexible, radiation resistant polyvinyl chloride and the Luer 

lock portions attached to the connector tubes are made of a rigid, radiation resistant polyvinyl 

chloride. 

33. The improved pharmaceutical container of any one of claims 30 through 32, 

wherein the connector tubes are made of PVC 2232 AIR-78S clear 030X and the Luer lock 

portions attached to the connector tubes are made of PVC 2212 RHT/1-118 clear 080X. 

34. An improved Luer lock comprising a female Luer cap and a male Luer cap, 

wherein one of said Luer caps contains a flange and the other of said Luer caps contains 

threads, configured so that the flange and threads cooperate with each other in such a way 

that the female Luer cap and male Luer cap can be screwed together, wherein the 

improvement comprises providing for one or a plurality of tabs on each of the male and 

female Luer caps, wherein the tabs on the male Luer cap and the tabs on the female Luer cap 

achieve a desired configuration with respect to each other when the tightening of the two 

Luer caps together is complete. 

35. The improved Luer lock of claim 34, wherein the male and female Luer caps 

each contain two tabs. 

36. The improved Luer lock of claim 34 or 35, wherein the desired configuration 

is where the respective tabs on the male Luer cap and the female Luer cap line up with each 

other. 
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37. The improved Luer lock of claim 34 or 35, wherein the desired configuration 

is where the respective tabs on the male Luer cap and the female Luer cap overlap with each 

other, thus preventing overtightening or inadvertent loosening of the Luer lock. 

38. The improved pharmaceutical container of any one of claims 1 through 33, 

which is shipped or packed in with an absorbent material. 

39. The improved pharmaceutical container of claim 38, wherein the absorbent 

material is GP-100. 

40. An improved rubiduim -82 generator comprising: 

a. a hollow column with a top portion, a middle portion and a bottom 

portion, said top portion including one or more notches, and a screen 

separating the middle portion and the bottom portion; 

b. a top basket with one or more protrusions, said one or more protrusions 

configured to cooperate with the one or more notches in the top portion 

of the hollow column so as to cause the proper seating of the top basket 

in the top portion of the hollow column, said top basket further 

comprising a screen at its base and a side opening; 

c. an inlet arm which intersects the hollow column at its top portion at a 

point where the inlet arm is aligned with the side opening in the top 

basket, and further wherein the inlet arm has a female Luer cap at its 

distal end, said female Luer cap containing one or more tabs on its 

outer surface; 

d. an outlet arm which intersects but does not protrude into the hollow 

column at its bottom portion, wherein a notch is provided at the point 

of intersection on the bottom portion's inner surface, and further 
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wherein the outlet arm has a female Luer cap at its distal end, said 

female Luer cap containing one or more tabs on its outer surface; 

e. support means to support the inlet arm and the outlet arm to the hollow 

column 

wherein said hollow column, top basket, inlet arm, outlet arm and support means are 

constructed of a radiation resistant polypropylene; 

f. a packing material comprising stannic oxide with strontium-82 adhered 

to it, said packing material placed in the middle portion of the hollow 

column above the bottom screen and below the screen of the top 

basket; 

g. a top stopper comprising a radiation resistant material, said top stopper 

configured to form a tight seal with the top portion of the hollow 

column but which does not block the inlet arm; 

h. a bottom stopper comprising a radiation resistant material, said bottom 

stopper configured to form a tight seal with the bottom portion of the 

hollow column and minimizing the dead space in the bottom portion of 

the hollow column, without blocking the outlet arm; 

i. first a crimp seal to crimp the top stopper to the top portion of the 

hollow column and a second crimp seal to crimp the bottom stopper to 

the bottom portion of the hollow column, wherein each crimp seal 

comprises steel with a thickness of about 0.2mm and a central hole 

about 5.0mm in diameter, wherein each crimp seal is crimped to a 

pressure of about 117 psi; 

j. a first flexible tube comprising a flexible, radiation resistant polyvinyl 

chloride with a first male Luer cap comprising a rigid, radiation 
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resistant polyvinyl chloride at one end of said first flexible tube, said 

first male Luer cap being configured to cooperate with the female Luer 

cap at the distal end of the inlet arm so that the two Luer caps can be 

screwed together to form a tight Luer lock, and wherein said first male 

Luer cap contains one or more tabs on its outer surface which will 

align with the one or more tabs on the outer surface of the female Luer 

cap at the distal end of the inlet arm, such that when the two Luer caps 

are screwed together these tabs achieve a desired configuration with 

respect to each other when the tightening of the Luer caps is complete; 

and 

k. a second flexible tube comprising a flexible, radiation resistant 

polyvinyl chloride with a second male Luer cap comprising a rigid, 

radiation resistant polyvinyl chloride at one end of said second flexible 

tube, said second male Luer cap being configured to cooperate with the 

female Luer cap at the distal end of the outlet arm so that the two of 

them can be screwed together to form a tight Luer lock, and wherein 

said second male Luer cap contains one or more tabs which will align 

with the one or more tabs on the female Luer cap at the distal end of 

the outlet arm, such that when the two Luer caps are screwed together 

these tabs achieve a desired configuration with respect to each other 

when the tightening of the Luer caps is complete. 

41. An improved rubiduirn-82 generator comprising: 

a. a hollow column with a top portion, a middle portion and a bottom 

portion, said top portion including one or more notches, and a screen 

separating the middle portion and the bottom portion; 

40 

1237 of 2568



WO 2006/026603 PCT/US2005/030796 

b. a top basket with one or more protrusions, said one or more protrusions 

configured to cooperate with the one or more notches in the top portion 

of the hollow column so as to cause the proper seating of the top basket 

in the top portion of the hollow column, said top basket further 

comprising a screen at its base and a side opening; 

c. an inlet arm which intersects the hollow column at its top portion at a 

point where the inlet arm is aligned with the side opening in the top 

basket, and further wherein the inlet arm has a female Luer cap at its 

distal end, said female Luer cap containing one or more tabs on its 

outer surface; 

d. an outlet arm which intersects but does not protrude into the hollow 

column at its bottom portion, wherein a notch is provided at the point 

of intersection on the bottom portion's inner surface, and further 

wherein the outlet arm has a female Luer cap at its distal end, said 

female Luer cap containing one or more tabs on its outer surface; 

e. support means to support the inlet arm and the outlet arm to the hollow 

column 

wherein said hollow column, top basket, inlet arm, outlet arm and support means are 

constructed of a radiation resistant polypropylene; 

f. a packing material comprising stannic oxide with strontium-82 adhered 

to it, said packing material placed in the middle portion of the hollow 

column above the bottom screen and below the screen of the top 

basket; 
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g. a top stopper comprising a radiation resistant material, said top stopper 

configured to form a tight seal with the top portion of the hollow 

column but which does not block the inlet arm; 

h. a bottom stopper comprising a radiation resistant material, said bottom 

stopper configured to form a tight seal with the bottom portion of the 

hollow column and minimizing the dead space in the bottom portion of 

the hollow column, without blocking the outlet arm; 

i. first a crimp seal to crimp the top stopper to the top portion of the 

hollow column and a second crimp seal to crimp the bottom stopper to 

the bottom portion of the hollow column, wherein each crimp seal 

comprises steel with a thickness of about 0.2mrn and a central hole 

about 5.0mm in diameter, wherein each crimp seal is crimped to a 

pressure of about 117 psi; 

j. a first flexible tube comprising a flexible, radiation resistant polyvinyl 

chloride with a first male Luer cap comprising a rigid, radiation 

resistant polyvinyl chloride at one end of said first flexible tube, said 

first male Luer cap being configured to cooperate with the female Luer 

cap at the distal end of the inlet arm so that the two Luer caps can be 

screwed together to form a tight Luer lock and where said first male 

Luer cap contains one or more tabs on its outer surface which will 

overlap with the one or more tabs on the outer surface of the female 

Luer cap at the distal end of the inlet arm, such that when the two Luer 

caps are screwed together these tabs overlap and are pushed past each 

other, and a tight Luer lock which is resistant to inadvertent loosening 

is formed; and 
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k. a second flexible tube comprising a flexible, radiation resistant 

polyvinyl chloride with a second male Luer cap comprising a rigid, 

radiation resistant polyvinyl chloride at one end of said second flexible 

tube, said second male Luer cap being configured to cooperate with the 

female Luer cap at the distal end of the outlet arm so that the two of 

them can be screwed together to form a tight Luer lock, and wherein 

said second male Luer cap contains one or more tabs which will 

overlap with the one or more tabs on the female Luer cap at the distal 

end of the outlet arm, such that when the two Luer caps are screwed 

together these tabs overlap and are pushed past each other, and a tight 

Luer lock which is resistant to inadvertent loosening is formed. 

42. The improved pharmaceutical container of any one of claims 30 through 33 

wherein the Luer locks comprise a female Luer cap and a male Luer cap, wherein one of said 

Luer caps contains a flange and the other of said Luer caps contains threads, configured so 

that the flange and threads cooperate with each other in such a way that the female Luer cap 

and male Luer cap can be screwed together, wherein the improvement comprises providing 

for one or a plurality of tabs on each of the male and female Luer caps, wherein the tabs on 

the male Luer cap and the tabs on the female Luer cap achieve a desired configuration with 

respect to each other when the tightening of the two Luer caps together is complete. 
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RUBIDIDM-82 GENERATOR BASED ON SODIDMNONATITANATE SUPPORT, AND 
IMPROVED SEPARATION METHODS FOR THE RECOVERY OF STRONTIDM-82 FROM 

IRRADIATED TARGETS 

BACKGROUND OF THE INVENTION 

Field of the fuvention 

[001] This invention relates to the selective separation of strontium-82 from other 

radioisotopes, such as those resulting from irradiated molybdenum or rubidium targets, and in the 

manufacture of a rubidium-82 generator. 

Background of the Related Art 

[002] The use of radioisotopes as diagnostic and imaging agents in medicine has 

expanded rapidly in recent years. Positron (13+) emitters are particularly useful in the study of 

metabolic processes because the positron-electron annihilation reaction produces a pair of 

gamma rays with an energy level of 511 ke V travelling in opposite directions. By placing a 

series of detectors around a patient who has been administered a positron emitter, both the 

location and amount of radioactivity can be accurately determined. This property is utilized in 

Positron Emission Tomography (PET) to image metabolic processes in vivo. Rubidium-82 

(
82Rb) is a short-lived positron-emitting isotope (T Yz = 76 seconds) that is increasingly being used 

to study blood flow through the heart and brain. Physiologically, rubidium is an analogue of 

potassium, and consequently enters the body's large potassium pool, which has a comparatively 

slow turnover. Thus, after 82Rb is injected intravenously, the tracer's uptake in tissue reflects the 

rate of delivery, i.e., blood flow, and thus 82Rb rapidly builds up in the heart. This can be used, 

for example, to study blood-brain barrier leakage and heart muscle perfusion. 

[003] The short half-life of 82Rb means that it must be supplied to physicians in the form 

of a generator, where the parent 82Sr (T Yz = 25 days) is immobilized on a solid substrate or 

support and 82Rb eluted as required. The generators that are currently available use hydrous tin 

oxide to immobilize the 82Sr and allow the elution of 82Rb by saline or other appropriate eluant. 

The 82Sr (T Yz = 25 days) is accompanied by unwanted 85Sr (T Yz = 64 days), generated as a by­

product during the manufacture of82Sr, wherein both isotopes have a relatively long half-life and 

1 
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a high radiotoxicity due to their tendency to accumulate in bone. Thus, it is essential to minimize 

or eliminate the introduction of 82Sr and 85Sr into a patient during the administration of 82Rb. 

Although hydrous tin oxide has proved acceptable to date for use in generators, new materials 

exhibiting far higher strontium affinities, improved strontium/rubidium separation factors and 

greater radiolytic stability are needed in order to lower the amount of 82Sr and 85Sr released 

during elution of the 82Rb. 

[004] The parent 82Sr is generated by the proton irradiation of rubidium, rubidium 

chloride or molybdenum targets followed by dissolution and processing to isolate the 82Sr. The 

demand for 82Rb generators has grown so great that there is a need to reduce processing times 

and to increase the yield of 82Sr from processed targets. One method of improving the supply of 
82Sr is to improve the processes used to extract 82Sr from irradiated targets. Current methods 

utilize organic ion exchange or chelating resins to extract very low levels of strontium from 

dissolved targets containing molar concentrations of inert ions. However, a satisfactory 

separation of 82Sr from the target materials and other radioisotopes generated during the 

irradiation procedure requires multiple treatment steps due to the relatively low affinity and low 

selectivity of the organic ion exchange resins for 82Sr. 

[005] 82Sr is produced by the proton irradiation of molybdenum metal, rubidium metal 

and rubidium chloride targets. The irradiation process also produces a range of other radioactive 

isotopes (e.g., 88Y, 88Zr, 85Sr) and as a consequence, a series of carefully designed separation 

procedures have been designed to separate the desired 82Sr from other radioisotopes and inactive 

species present. The primary method used to separate 82Sr is by a series of ion exchange and 

selective elution steps. Typically, AG 50 W-XS ion exchange resin is used to separate 82Sr from 

dissolved targets. However, this resin is relatively non-selective and will absorb numerous 

polyvalent cations (e.g., 88Y) in addition to the desired 82Sr. Consequently, multiple separation 

steps are required to isolate 82Sr from the other isotopes present. 

[006] 82Rb can be conveniently supplied to physicians in the form of a generator in 

which the parent 82Sr is immobilized on an ion exchange material and the 82Rb eluted when 

required. This means that 82Rb PET can be performed at clinical facilities where a typical 

generator lasts about a month before the yield of 82Rb diminishes below a usable level. 

[007] To be suitable for use in a 82Rb generator, an ion exchange material must exhibit a 

high affinity for strontium but a low affinity for rubidium, allowing the 82Rb daughter to be 

eluted from a column containing immobilized 82Sr. Generators have been proposed that were 
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based on a number of separation media including Chelex 100, Ah03, Sb(V) hexacyanoferrate, 

polyantimonic acid, titanium vanadate and hydrated tin(IV) oxide, with the hydrated tin(N) 

oxide being the most widely used. 

[008] However, the crucial component of any system is the actual ion exchange material 

containing the immobilized 82Sr parent. Current systems using hydrous tin oxide have a limited 

life due to the breakdown of the hydrous tin dioxide, necessitating frequent replacement. 

[009] Therefore, there is a need for a highly strontium selective ion exchange material 

for use in place of ion exchange resins and hydrated tin(IV) oxide, so that the separation and 

recovery of 82Sr from Rb, RbCl and Mo targets is greatly facilitated. A replacement for the ion 

exchange resin will lead to a reduction in processing steps, a decrease in target processing times 

and thus a decrease in the cost of the 82Sr product. An ion exchange material suitable for use as a 

82Rb generator will have a very high selectivity for 82Sr and a very low selectivity for 82Rb to 

allow elution of the 82Rb by isotonic saline or other solutions and will offer a longer operating 

life or improved operating conditions compared to hydrated tin(IV) oxide. 

SUMMARY OF THE INVENTION 

[010] The present invention provides a method of chemically isolating strontium-82 

from proton-irradiated molybdenum targets. This comprises dissolving the molybdenum metal 

target containing the strontium-82, adjusting the pH of the dissolved molybdenum target solution 

to an alkaline pH, removing precipitates from the solution, and then absorbing the strontium-82 

from the solution onto a support comprising sodium nonatitanate. Sodium nonatitanate can also 

be applied to the efficient recovery of strontium-82 from alkaline RbCl solutions produced 

during the processing of proton-irradiated rubidium metal and rubidium chloride targets. 

[011] The present invention also provides a rubidium-82 generator, comprising a 

strontium-82 support medium comprising sodium nonatitanate. Preferably, the sodium 

nonatitanate is characterized by a strontium selectivity greater than 250,000 mL/g at an alkaline 

pH, and/or the sodium nonatitanate is characterized by a rubidium selectivity less than 100 mL/g 

at an alkaline pH. More preferably, the sodium nonatitanate is characterized by a 

strontium/rubidium separation factor greater than 1,000, and even more preferably greater than 

100,000. 

[012] The rubidium-82 generator is prepared by a process comprising: preparing sodium 

nonatitanate from titanium isopropoxide and aqueous sodium hydroxide; heating the sodium 
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nonatitanate at a temperature between 100°C and 250°C for a period between 12 hours and 2 

weeks; and absorbing strontium-82 on the sodium nonatitanate from an aqueous solution 

comprising strontium-82 and a soluble sodium salt, wherein the sodium salt concentration is 

between 0.1 and 1 molar. It is also preferred that the titanium isopropoxide and the aqueous 

sodium hydroxide solution are provided at a sodium hydroxide to titanium isopropoxide molar 

ratio of greater than 0.44, but preferably providing a large molar excess of sodium hydroxide. 

The sodium hydroxide to titanium isopropoxide molar ratio is preferably between 1 and 10, more 

preferably between 2 and 6, and most preferably about 4. 

[013] Furthermore, the invention provides a process for preparing a solution containing 

rubidium-82. The process comprises providing a solution containing strontium-82 at a pH 

between 10 and 14, absorbing the strontium-82 from the solution onto a sodium nonatitanate 

support medium, and eluting rubidium-82 from the sodium nonatitanate support medium with a 

solvent. The solvent is preferably selected from the group consisting of water and saline 

solutions. More particularly, the solvent may be an aqueous solution having a sodium chloride 

concentration between 0.001 molar and 1 molar, preferably between 0.1 molar and 1 molar. The 

solvent may also be a pharmaceutical grade isotonic saline and buffer solution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[014] FIG. 1 is a graph showing 82Sr Ket values for the ion exchange materials from 

simulated rubidium and rubidium chloride target solutions. 

[ 015] FIG. 2 is a graph showing the reduction of 82Sr activity with increasing time. 

[016] FIG. 3 is a graph showing the effect of pH on the uptake of 85Sr using normal 

saline as an eluant. 

[017] FIG. 4 is a graph showing 85Sr Ket values in normal saline for NaTi samples of 

various pellet size. 

[018] FIG. 5 is a schematic drawing ofa system having a sodium nonatitanate column in 

accordance with the present invention. 

[019] FIGS. 6A-6B are graphs showing the pH of saline solutions at the inlet and outlet 

of a 82Sr/82Rb column. 
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