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UNITED STATES DISTRICT COURT

CENTRAL DISTRICT OF CALIFORNIA - WESTERN DIVISION
18 ASTELLAS US LLC, ASTELLAS Case No. CV08-01083 JFW (VBKx)

PHARMA US, INC., ITEM
19 DEVELOPMENT AB, AND KING (Hon. John F. Walter)

PHARMACEUTICALS RESEARCH
20 AND DEVELOPMENT, INC. SECOND AMENDED COMPLAINT

FOR PATENT INFRINGEMENT,
INTENTIONAL INTERFERENCE
WITH PROSPECTIVE ECONOMIC
ADVANTAGE, AND UNFAIR
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LOCALBULE..19-2

17

. Plaintiffs,

22 v.
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-_.- NUIEW RAIQEHCEUTICALS,24 INC., PAUL J. CROWE KEITH .

RUSTVOLD, MTS HEALTH SUPPLIES,
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NUIEW RADIOPHARMCEUTICALS,

2
INC., PAUL J. CROWE, AND KEITH
RUSTVOLD

3 Counter Claimants,

4 v.

5 ASTELLAS US LLC, ASTELLAS

6
PHA US, INC., ITEM
DEVELOPMENT AB, AND KIG
PHARMACEUTICALS RESEARCH

7 AN DEVELOPMENT, INC.

8 Counter Defendants,

9

10
NUIEW RAIOPHACEUTICALS,
INC., PAUL J. CROWE, AND KEITH
RUSTVOLD

11

12
Cross Claimants,

v.
13

14
ANAZAOHEAL TH CORPORATION

Cross Defendant.
"15

16

17 COMPLAINT
i 8 Plaintiffs, Astellas US LLC and Astellas Pharma US, Inc. (collectively

19 "Astellas"), Item Development AB ("Item"), and King Pharmaceuticals Research and

20 Development, Inc. ("King"), for their complaint against Defendants Nu View

21 Radiopharmaceuticals, Inc. ("NuView"), Paul J. Crowe, and Keith Rustvold

22 (collectively "the NuView defendants") and MTS Health Supplies, Inc. ("MTS"), Nabil

23 Saba, and Ghassan Salaymeh (collectively "the MTS defendants"), allege as follows:

24

25 SUMMARY AND NATUR OF THE ACTION
26 1. This is an action under the patent laws of the United States, 35 U.S.C. §§ 1
27 et seq. for infringement by Defendants of patent rights exclusively licensed to Astellas,

28 unfair competition in violation of the California Business and Professions Code § 17200

2 5
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et seq. and § 4381, and interference with prospective economic advantage.

2. Plaintiff Astellas markets AdenoscanQ9 (hereinafter "Adenoscan"), a

branded pharmaceutical product used as a diagnostic for myocardial perfusion imaging

("MPI"). Such use is covered by patent rights Astellas licenses exclusively from

plaintiffs King and Item. MPI is an imaging procedure used to diagnose and assess the

severity of coronary artery disease. The Nu View defendants embarked on an ilegal

scheme to market an unbranded copy of Adenoscan that contains the same active

pharmaceutical ingredient, adenosine, but has never been approved by the U.S. Food

and Drug Administration (FDA) for any purpose. In violation of the California
Pharmacy Law, NuView advertised the services of AnazaoHealth Corporation

("Anazao") to fill prescriptions for its unapproved adenosine and supply it within

California. Anazao and the Nu View defendants purported to sell and solicit

prescriptions for their unapproved product for use not as a diagnostic, but for alleged

treatment of "reperfuion injury" in patients suffering from myocardial infarction (heart

attack). Such use for treatment of reperfusion injury has never been approved by the

FDA and, on information and belief, is not accepted or used by physicians who

routinely treat myocardial infarction and is certainly not performed by the physicians

routinely involved in providing imaging services to whom NuView's marketing efforts

19 were directed.

20 3. On information and belief, reference to this purported therapeutic use of

21. the unapproved product was merely a ruse intended to deflect attention from the

22 Nu View defendants' willful patent infringement resulting from the offers to sell and

23 sales of that product as a substitute for Adenoscan in MPI. On information and belief,

24 the Nu View defendants perpetuated this ruse by providing false and misleading

25 information on their website, in their marketing materials, and even on the label and

26 information accompanying the unapproved product to suggest that it was for use in

27 reperfusion injury when, in fact, it was knowingly marketed and distributed for use in

28 MPI. The NuView defendants specifically targeted for sales and furnished their

3 6
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1 product to clinics that perform the diagnostic MPI procedure but would never treat.

2 reperfusion injury. The NuView sales representatives actively encouraged the use of

3 the unapproved product for l\I in a manner that constituted infringement of plaintiffs'

4 patent rights and contradicted the product information provided by Anazao and

5 Nu View.

6 4. Also on information and belief, Anazao and NuView priced their product,

7 as befits its status as an unapproved copy, at a substantial discount compared to

8 authentic Adenoscan. However, the cost savings were not passed along to patients and

9 patients were unaware that they were receiving an unapproved drug rather than

10 authentic Adenoscan.

11 5. The NuView defendants have also marketed, sold, and distributed

12 adenosine products supplied by the MTS defendants for use in lvI procedures.

13 6. The MTS defendants have also independently marketed, sold, and

14 distributed adenosine products for use in MPI procedures.

15 7. The Nuview defendants' and the MTS defendants' conduct constitutes

16 wilful patent infringement, intentional interference with prospective economic

17 advantage, and unfair competition that has caused and wil continue to injure and cause

18 damages to Astellas, Item, and King unless enjoined by this Court.

19

20 THE PARTIES
21 8. Plaintiff Astellas US LLC is a Delaware limited liability corporation

22 having an office and principal place of business at Three Parkway North, Deerfield,

23 Illinois 60015-2548.

24 9. Plaintiff Astellas Phara US, Inc. is a Delaware corporation having an
25 office and principal place of business at Three Parkway North, Deerfield, Illinois

26 60015-2548.

27 10. Plaintiff Item Development AB is a Swedish corporation having an office

28 and principal place of business at Svanholmsvagen 2A, Stocksund, SE-18275, Sweden.

4 7
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11. Plaintiff King is a Delaware corporation having an office and principål

2 place of business at 4000 CentreGreen Way, Suite 300, Cary, Nort Carolina 27513.

3 12. On information and belief, Anazao is a Florida corporation having a

4 principal place of business at 5710 Hoover Boulevard, Tampa, Florida 33634-5339.

5 13. Defendant NuView Radiopharmaceuticals is an entity having a website

6 (ww.nuviewinfo.com) that indicates a principal place of business at 1107 Snowberr
7 Street, Park City, Utah 84098. However, according to the website for the Secretary of

8 State of Utah, Nu View Radiopharmaceuticals is not a licensed business in Utah.

9 14. On information and belief, 1107 Snowberr Street, Park City, Utah 84098

10 is a residence within a gated community which is zoned for residential use.

11 15. On information and belief, defendant Paul J. Crowe is the founder,

12 chairman, and chief executive officer ofNuView Radiopharmaceuticals and a resident

13 of California.

14 i 6. On information and belief, defendant Keith Rustvold is the National Sales

15 Coordinator for NuView Radiopharmaceuticals and a l,esident of California.
16 17. According to records of the Secretar of State for the State of Delaware,

17 Nu View Radiopharmaceuticals is or was at one time a Delaware corporation.

18 i 8. On information and belief, Defendant MTS is a California corporation

19 having a website (ww.mtshs.com) that indicates a pricipal place of 

business at 1390
20 W. 6th St. Suite 122, Corona, CA 92882. -

21 19. On information and belief, defendant Nabil Saba is chief financial officer

22 for MTS and a resident of California.

23 20. On information and belief, defendant Ghassan Salaymeh is a chief

24. executive officer ofMTS and a resident of California.
25

26 JURISDICTION AND VENUE
27 21. This is an action for pecuniary and injunctive relief for patent infringement

28 arising under the patent laws of the United States, Title 35, United States Code, for

5 8
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1 unfair competition arising under the California Business and Professions Code § 17200

2 et seq. and § 438 I, and for interference with prospective economic advantage under the

3 common law of the State of California.

4 22. This Court has jurisdiction over the subject matter of the patent claim as
5 provided in 28 V.S.C. § 1338. This Court has supplemental jurisdiction over the state

6 law claims under 28 U.S.C. § 1367.

7 23. Personal jurisdiction by this Court over the NuYiew defendants is proper

8 because the NuView defendants have in the past and continue to transact and/or solicit

9 business throughout the United States, including in this district, and their infringing

10 activities have occurred and continue to occur throughout the United States and in this

1 i district.

12 24. According to NuView's website, NuView maintains a sales force in

13 California for the purpose of serving customers in the state and in this district.

14 25. Of the states represented on theNuView website, NuView devotes more

15 sales representatives to California than any other state.

16 26. The Nu View website indicates that at least three sales representatives are

17 assigned to territories within the Central District of California.

18 27. On information and belief, defendants NuView and Keith Rustvold have

19 contacted physicians by telephone and in person within the Central District of

20 California and offered to sell and/or sold NuView's products.

21 28. Personal jurisdiction by this Court over the MTS defendants is proper

22 because the MTS defendants have in the past and continue to transact and/or solicit

23 business throughout the United States, including in this district, and their infringing

24 activities have occurred and continue to occur throughout the United States and in this

25 district.

26 29. Venue properly lies in this district under the provisions of28 U.S.C.

27 §§ 1391 and 1400 because NuView and MTS resÌde in the district for venue purposes,

28 having purosely and repeatedly availed themselves of the privilege of doing business

6 9
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within the district, because a substantial part of the events giving rise to the claim

2 occurred in this district, and because, on information and belief, all the defendants

3 reside in the same state.

4

5 MYOCARDIAL PERFUSION IMAGING AND
6 ASTELLAS'S ADENOSCAN PRODUCT
7 30. Myocardial perfusion imaging (MPI) is a diagnostic technique for studying

8 the blood flow in the heart. It is often used in conjunction with a radiopharmaceutical

9 tracer, for example thallum-20 1 or technetium, to detect the presence or assess the

10 severity of coronary artery disease.

11 31. Patients undergoing MPI typically exercise on a treadmill to increase blood

12 flow to the heart.

13 32. Physicians compare images made after exerclse "stress" to images made

14 while the heart is at rest to identify areas of inadequate blood flow and diagnose

15 whether a patient has coronary artery disease and how severe the disease may be.

16 33. For patients who are unable to exercise on a treadmil, physicians can

17 perform a so-:called "pharmacologic stress" procedure.

i 8 34. Adenosine is a naturally occuring compound that can be used to cause

19 pharmacologic stress by vasodilation in conjunction with MPI.

20 35. When used as a vasodilator for pharmacologic stress, adenosine is typically

21 administered by intravenous infusion at a dose of 140 micrograms/kg/min over a period

22 of minutes.

23 36. Astellas markets Adenoscan, an adenosine-based product approved by the

24 Food and Drug Administration ("FDA") for use as an adjunct to thallum-201

25 myocardial perfusion scintigraphy in patients unable to exercise adequately.

26 Adenoscan contains 3 mglml of adenosine and is sold in 20 ml or 30 ml vials.

27 37. Sales of Astellas's Adenoscan amount to more than $300 milion per year

28 nationwide and in excess of $20 milion annually in California.

7 10
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1 38. While some Adenoscan customers are associated with hospitals, many.

2 purchasers of Adenoscan are free-standing out-patientclinics.

3 39. These outpatient clinics provide specialized services to patients in the form

4 of diagnostic cardiac imaging. While they may be ,located near a hospital, outpatient

5 clinics do not provide the range of cardiac care services found in a hospitaL.

6 40. In particular, outpatient clinics generally do not provide acute cardiac care

7 to patients suffering from a myocardial infarction (heart attack). To the contrary, if a

8 patient in an outpatient clinic suffers a myocardial infarction during a stress-imaging

9 procedure, that patient is usually quickly transferred to a hospital emergency room that

10 is better equipped to provide the full range of care required for such life-threatening

11 situations.

12 41. In outpatient clinics, Adenoscan is administered under the oversight of a

13 physician, typically a cardiologist. Nuclear medicine technologists may also be

14 involved in the actual administration and handling of Adenoscan and the associated

15 radiopharmaceutical tracer agents used in connection with lvI.

16 42. Often, nuclear medicine technologists are the point of contact for sales of

17 Adenoscan in that they are responsible for maintaining the supply of the drug in the

18 facility and ordering additional drug when.supplies get low. The point of contact for

19 Adenoscan sales may also be an office manager who is not a nuclear medicine

20 technologist.

21 43. Adenoscan can be purchased directly from Astellas or through distributors.

22 Astellas has a sales force that interacts directly with physicians and technologists in

23 hospitals and outpatient clinics, providing information about Adenoscan as well as

24 arranging for educational training programs offered by Astellas.

25 44. Astellas has been marketing Adenoscan throughout the United States,

26 including California, since the mid-l 990s.

27 45. Only Astellashas received final FDA approval to market adenosine in the

28 form of Adenoscan for use in lvI.

8 11
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1 THE '296 PATENT
2 46. On March 24, 1998, the United States Patent and Trademark Office

3 ("PTO") duly and legally issued United States Patent No.5, 731,296 ("the '296 patent")

4 to Item for "SELECTIVE V ASODILA TION BY CONTINOUS ADENOSIN

5 INUSION." A copy of the '296 patent is attached hereto as Exhibit A.

6 47. Item is the assignee of the '296 patent by virte of documents duly

7 recorded at the United States Patent and Trademark Office.

8 48. Astellas is the exclusive licensee of certain rights in the '296 patent and

9 enjoys the right to bring suit under this patent.

10 49. The FDA-approved method of using Astellas's Adenoscanproduct in MPI

i 1 is covered by one or more claims of the '296 patent and the '296 patent is listed in the

12 FDA's publication, Approved Drug Products with Therapeutic Equivalence

13 Evaluations" (known as the "Orange Book") in connection with Adenoscan.

14

15 THE '877 PATENT
16 50. On December 10, 1991, the United States Patent and Trademark Office

17 duly and legally issued United States Patent No. 5,070,877 ("the '877 patent") to

18 Medco Research, Inc. (hereinafter "Medco") for a NOVEL METHOD OF

19 MYOCARIAL IMAGING. A copy of the '877 patent is attached hereto as Exhibit B.

20 51. Subsequently, the assets ofMedco were acquired by King. King is the

21 assignee of the' 877 patent by virte of documents duly recorded at the United States

22 Patent and Trademark Office.

23 52. Astellas is the exclusive licensee, with nght to bring suit, of certain rights

24 in the' 877 patent.

25 53. The FDA-approved method of using Astellas's Adenoscan product in MPI

26 is covered by one or more claims of the' 877 patent and the' 877 patent is listed in the

27 FDA's publication, Approved Drug Products with Therapeutic Equivalence Evaluations

28 (known as the "Orange Book") in connection with Adenoscan.

9 12

Case 2:08-cv-01083-JFW-VBK   Document 100    Filed 11/21/08   Page 9 of 50   Page ID
 #:1695



i NUVIEW AND ANAZAO'S ACTIVITIES IN CALIFORNIA

2 54. NuView's website describes NuView as "an emerging company focusing

3 on commercializing quality diagnostic imaging agents and targeted therapies for

4 diagnosing cancer and heart disease."

5 55. Among the products offered by NuView was a product described as

6 "Compounded Adenosine."

7 56.. NuView's website claimed that "(a)denosine has been found to offer

8 beneficial outcomes to patients experiencing acute myocardial infarction (heart attck)"

9 and that "(i)n contrast to other pharmaceutical agents that have shown disappointing

1 0 effects in man, adenosine, a naturally occurring compound, has consistently resulted in

1 i a marked reduction in heart damage and has also improved clinical outcomes in patients

. 12 treated early with heart attcks."

13 57. According to the NuView website, "(a)n intravenous infusion of adenosine

i 4 for 3 hours should be considered as adjunctive therapy in high-risk patients undergoing

15 reperfusion therapy."

i 6 58. The use of adenosine as a therapeutic inpatients experiencing acute

17 myocardial infarction has not been approved by the FDA.

18 59. On information and belief, NuView has not sought to obtain such FDA

19 approval for the use of adenosine as a therapeutic for patients suffering from acute

20 myocardial infarction.

21 60. The Nu View website also contained an "Infusion Protocol Chart"

22 describing an "Adenosine (3 mg/ml) Infusion Protocol for Acute Myocardial

23 Infarction" which involves intravenously pumping an undiluted preparation of

24 Nu View's compOlmded adenosine into a patient "to achieve a dose of 70

25 (micrograms)/kg/min."

26 61. A patient administered an adenosine infusion according to the "Infusion

27 Protocol Chart" would receive a total volume of between 210 and 588 mililiters of

28 adenosine. The unapproved adenosine product was not, however, offered for sale in

10 13
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1 packaging adapted for the administration of such large amounts of adenosine. Instead,

2 it was offered in smaller vials suited for use as an unauthorized replacement for

3. Adenoscan in MPI procedures.

4 62. A document on the NuView Website titled "NuView Product Order Form"

5 offered "Compounded Adenosine 3 mg/ml" in configurations of 1 0 x 50 ml vials per

6 box or 20 x 25 ml vials per box for $1500, with a notation "Signature required, as

7 directed for cardiac reperfusion injury."

8 63. The "Product Order Form" from the NuView website also included spaces

9 to provide a "Patient Name" associated with each order and states "Prescription filled

i 0 by AnazaoHealth Corporation TM."

i i 64. According to a January 8, 2008 letter from counsel for Anazao to in-house

12 counsel for Astellas, NuView and Anazao entered into an agreement whereby NuView

13 marketed adenosine for Anazao. On information and belief, Anazao was aware of
14 NuView's practices in marketing adenosine.

15 65. Anazao had its own website, ww.anazaohealth.com. on which it

16 advertised "Custom Pharmacy" services.

17 66. The Anazao website described Anazao's Custom Pharmacy Services as

18 follows: "AnazaoHealth creates customized medications and .compounds

19 pharmaceuticals, dietary supplements and hormones for individual patients under

20 . physician care. Our custom-compounded therapeutics are individually tailored to meet

21 the special needs of your patients."

22 67. The Anazao website also contained an order form for adenosine at a

23 concentration of 3 mg/ml with the notation "Sig: As directed for cardiac reperfusion

24 injury."

25 68. Neither NuView nor Anazao's product order form or website mentioned

26 the use of adenosine for myocardial perfusion imaging.

27 69. Although the use of adenosine for MPI was not mentioned on the NuView

28 website or on its order form, NuView, through its sales representatives, actively

11 14
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1 induced the use of adenosine prepared by Anazao .as a pharmacologic stress agent in

2 MPI and Anazao provided its adenosine product for that use. On information and

3 belief, Anazao was aware ofNuView's actions inducing the use of its adenosine for
4 MPi.

5 70. More specifically, the NuView defendants' sales representatives contacted

6 nuclear technologists at free-standing outpatient imaging clinics throughout the United

7 States, in California, and in this District that perform MPI procedures and offered

8 adenosine made by Anazo as a substitute for Astellas's Adenoscan adenosine product

9 in MPI procedures.

i 0 71. On information and belief, Nu View and its representatives were aware that

11 these clinics do not provide acute coronary care to patients suffering from myocardial

12 infarction and that consequently, such clinics would not use adenosine for treatment of

13 reperfusion injury as described on the NuYiew website and in NuView's product

14 literature.

is 72. By way of example, Anazao has sent a customer invoice to California

16 Heart and Vascular Clinic in El Centro California for the purchase of adenosine, listing

17 NuView as the "salesperson" arid describing the product as "Adenosine (Nuclear)."

18 MPI is considered a "nuclear" procedure. Treatment ofreperfusion injury is not.

i 9 73. In addition, the Nu View defendants have encouraged customers to seek

20 Medicaid reimbursement for using NuView's adenosine product in place of Adenoscan

21 for MPI. Specifically, on information and belief, in Januar 2008, NuView sales

22 representative, Sally Tomey, wrote to a physician's office concerning NuView's

23 product as follows:

24 I know you had a question about re-Imbursement for the

25 Nu View adenosine. I spoke with our national sales director

26 (Keith Rustvold) about getting an EOB for insurance purposes

27 and he told me that all you need to do is bil it the same way
28 that you would for the other adenosine. There should be no

12 15

Case 2:08-cv-01083-JFW-VBK   Document 100    Filed 11/21/08   Page 12 of 50   Page ID
 #:1698



1 questions or issues. Sometimes Medicaid wil have a question

2 about it because of the difference in the vial sizes, but

3 adenosine is adenosine, and'the price is the driving factor.

4 74. On information and belief the "other adenosine" referred to is Adenoscan,

5 which is sold and used only for MPI.

6 75. On information and belief, the NuView defendants are aware of Astellas's

7 patent rights with respect to Adenoscan.

8 76. Anazao has admitted in a letter written by its counsel to Astellas that

9 "Anazao is aware that Astellas Pharma US, Inc. ("Astellas") is either the owner or .

10 exclusive licensee of unexpired patents regarding Adenoscan\1 adenosine and bearing

11 numbers, U.S. Pat. 5,070,877 and 5,731,296, respectively."

12 77. On information and belief, NuView's product configuration and references

13 to reperfusion injury on its website and in its ordering and information materials were

14 intended to conceal its active inducement of 
infrngement of the '296 and '877 patents.

15 78. On information and belief, NuView representative Sally Tomey

16 communicated to a physician's office .in early 2008 that "Our company (because of

17 patent restraints) can only make a 25 ML and 50 ML vial, but if you look at our prices,

18 they are stil more than 50% less than the other adenosine."

i 9 79. On information and belief, the adenosine product promoted and sold by

20 Nu View and shipped by Anazao was specifically configured for use in MPI and both

21 Nu View and Anazao were aware that the product would be used for MPI by the

22 customers at nuclear imaging clinics where the product is shipped in violation of

23 Astellas' s patent rights.

24 80. NuView's sales representatives have made sales contacts both in person

25 and by telephone at clinics that use Astellas's Adenoscan product in.MI procedures.

26 8 i . As part of these sales contacts, Nu View's sales representatives have

27 assured Astellas's customers that NuView's product is identical to Adenoscan, even

28 though the NuView/ Anazao product is not approved by the FDA for use in MPI and

13 16
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neither the product nor the manufacturing facilty has been subject to the same stringent

2 controls and regulations as Astellas' s Adenoscan.

3 82. In face-to-face sales calls on nuclear technologists, NuView's sales

4 representatives have also made direct price comparisons to Adenoscan, encouraging

5 Astellas's customers to switch to adenosine made by Anazao based on its lower price

6 per milligram of solution.

7 83. On information and belief, at the time of these sales calls, NuView was
8 aware that the customers were regularly purchasing Adenoscan from Astellas and

9 would continue to do so absent NuView's actions.

10 84. As a result ofNuView's activities in California and this district,

11 physicians' offices have ceased regular purchases of Adenoscan and have instead

12 purchased adenosine made by Anazao and used it in MPI procedures in violation of

13 Plaintiffs' patent rights.

14

15 NUVIEW'S VIOLATIONS OF CALIFORNIA LAW

16 85. Chapter9, Sec. 4000,et seq. of the California Business and Professions
17 Code contains the California Pharmacy Law.

18 86. Adenosine is classified as a "dangerous drug" under CBPC § 4022.

19 87. California Business and Professions Code § 4076 requires that a

20 "pharmacist shall not dispense any prescription except in a container that meets the

21 requirements of state and federal law and is correctly labeled" with various types of

22 information, including the directions for the use of the drug and the name of the patient.

23 88. California Business and Professions Code § 4077 states that, except uader

24 certain specific circumstances, "no person shall dispense. any dangerous drug upon

25 prescription except in a container correctly labeled with the information required by

26 Section 4076."

27 89. California Business and Professions Code § 4078 states that "(n)o person

28 shall place a false or misleading label on a prescription" and that "fnlo prescriber shall

14 17
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1 direct that a prescription be labeled with any information that is false or misleading."

2 90. On information and belief, NuView and Anazao's product was distributed

3 with a false or misleading label that indicated the drug was for use in "reperfuion

4 injury" rather than the intended use of MPI and Nu View and Anazao distributed with

5 the product a "Medical Professional Information Sheet" that falsely and misleadingly

6 described dosing and information for use of adenosine in inhibiting "reperfusion injury"

7 rather than rvI, the use for which the product was sold and actually employed.

8 91. On information and belief, Nu View is not licensed as a pharmacy or a

9 pharmacy wholesaler in the State of California, in violation of at least California

10 Business and Professions Code § 4160.

1 1 . 92. On further information and belief, the Nu View defendants unlawfully

12 advertised the pharmacy services of Anazao in violation of California Business and

13 Professions Code § 4340.

14 93. NuView and Anazao's use of false and misleading labeling information,
15 including its distribution of a false and misleading "Medical Professional Information

16 Sheet" also violated at least California Health and Safety Code §§ 111330, 111440,

17 111445, and 111450 which prohibit misbranding of drugs with false or misleading

18 labeling and further prohibit sale and delivery of such misbranded drugs.

19 94. Because Nu View sold adenosine for use in MPI procedures and not for

20 reperfusion injury therapy as described on their websites and in their product literature,

21 the website statements and product literature constituted false advertising under at least

22 California Health and Safety Code §§ 110390, 110395, 110398, 110400.

23. 95. NuView's website statements and product literature further constituted

24 false advertising under California Business and Professions Code § 17500.

25 96. NuView also violated California Health and Safety Code § 110403, which

26 prohibits any person from advertising any drug "represented to have any effect in . . .

27 (h )eart and vascular diseases" unless such advertisements are limited to medical

28 professionals or if the dlUg is approved for the particular curative or therapeutic effect

15 18
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1 advertised. Nu View advertised the alleged effects of their adenosine product in

2 treatment of cardiac "repërfsion injury" through product literature and statements on

3 their respective websites that are not limited in their audience to medical professionals.

4

5 NUVIEW'S FALSE AND MISLEADING COMPARSONS TO ADENOSCAN

6 97. Nu View, through its representatives, has repeatedly compared its

7 adenosine product made by Anazao to Astellas' s Adenoscan product and assured

8 potential customers that the two products are interchangeable.

9 98. The adenosine-based drug product advertised and sold by NuView and

10 Anazao was one that Anazao formulated itself under a practice known as "pharmacy

1 1 compounding". and constituted an unapproved drug.

12 99. By definition, pharmacy compounding "involves making a new drug

13 whose safety and efficacy have not been demonstrated with the kind of data that FDA

14 ordinarily would require in reviewing a new drug application." Federal ànd State Role

15 in Pharmacy Compounding and Reconstitution: Exploring the Right Mix to Protect

16 Patients, Hearing Before the Comm. on Health Educ., Labor and Pensions, 108th Congo

17 39 (2004) (Statement of Steven K. Galson, M.D., M.Ph., Acting Director, Center for

18 Drug Evaluation and Research, U.S. Food and Drug Administration, Department of

19 Health and Human Services) (hereinafter "Galson Statement"); see also FDA's

20 Compliance Policy Guide, Section 460.200 (June 22, 2002)

21 (http://ww.fda.gov/oralcompliance_reflcpg!cpgdrg!cpg460_200.html). Nor has the

22 FDA determined that compounded drug products have been manufactured under

23 rigorous good manufacturing practice requirements.

24 100. The FDA frowns upon pharmacy compounding of commercially available

25 FDA drug products such as Astellas's Adenoscan product. "(C)opying commercially- .

26 approved products in compounding pharmacies circumvents importnt public health

27 requirements and undermines the drug approval process--the evidence based system of

28 drug review that consumers and health professionals rely on for safe and effective

16 19
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drugs." Galson Statement at 40.

2 101. NuView's misleading marketing and promotion of Anazao's adenosine

3 drug product resulted in deception and potential harm to patients, the ultimate

4 consumers of the product. Patients were unlikely to know that they were being

S administered an unapproved copy rather than an authentic FDA-approved drug and any

6 cost savings associated with the lower priced Nu View and Anazao product were

7 unlikely to be passed along to patients.

8 102. While substitution of "generic" drugs for a branded alternative is common

9 and is sanctioned under California Law, Anazao's product was not a "generic" drug in

10 that it is not subject to the FDA approval process for generiC drugs and had not been

11 manufactured in an FDA inspected and regulated facility for the manufacture of generic

12 drugs. To the extent that the NuView defendants referred to or soughtto create the

13 impression that their unapproved adenosine product was a "generic" equivalent of

14 Adenoscan, such actions were false and misleading.

is

16 NUVIEW AND MTS'SACTIVITIES IN CALIFORNIA

i 7 103. MTS's website describes MTS as "a medical-surgical healthcare product

18 distribution company."

19 104. Among the products offered by MTS is a product described as

20 "Adenosine."

21 105. The MTS adenosine product is approved by the FDA for the treatment of

22 paroxysmal supraventricular tachycardia ("PSVT"), which refers to a condition where

23 the heart experiences an abnormal conduction of electricity that causes the atrium, and

24 secondarily the ventricles, to beat very rapidly.

25 106. MTS's adenosine product is not approved by the FDA as a pharmacologic.

26 stress agent for use in conjunction with l\L Therefore, pursuant to FDA regulations,

27 the label for MTS' s adenosine product does not identify MPI as an approved use and

28 does not provide any directions for using the product in .MI.

17 20
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1 i 07. On information and belief, the Nuview defendants and the MTS defeiidants

2 are actively promoting and inducing the use of adenosine as a pharmacologic stress

3 agent in MPI, i.e., for an "off-label" use not approved by the FDA.

4 108. More specifically, the Nuview defendants and the MTS defendants have

5 contacted free-standing outpatient imaging clinics in this District and elsewhere that

6 perform MPI procedures and offered adenosine as a substitute for Astellas' s Adenoscan

7 adenosine product in MPI procedures.

8 109. On information and belief, as a result of the Nuview defendants' and the
9 MTS defendants' activities, physicians in California and elsewhere have used or wil

10 use adenosine sold by Nu View or MTS as a substitute for Adenoscan in MPI.

1 i i 10. On information and belief, the Nuview defendants and the MTS defendants

12 are aware of Astellas's patent rights with respect to Adenoscan and the use of 

adenosine
13 in MPI.

14 111. On information and belief, the Nuview defendants and the MTS defendants

15 know or should have known that their actions have and wil cause MTS' s adenosine

16 product to be used for MPI by the customers at nuclear imaging clinics where the

17 product is shipped in violation of Astellas' s patent rights.

1819 COUNT I
20 INDUCEMENT OF INFRINGEMENT OF U.S. PATENT NOS. 5,731,296

. 21 AND 5,070,877 BY THE NUVIEW DEFENDANTS AND THE MTS22 DEFENDANTS
23 112. Paragraphs 1-1 1 1 are incorporated herein by reference.

24 113. The use of continuous adenosine infusion for lvI infringes one or more

25 claims of the '296 patent and one or more claims of the '877 patent. Thus, on
26 information and belief, Defendants' customers have directly infringed the '296 and '877

27 patents by using adenosine purchased from Defendants in MPI.

28 114. The NuView defendants and the MTS defendants have actively and

18 21
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i knowingly aided and abetted the direct infringement of the '296 and '877 patents.
2 115. Aware of Astellas's patent rights, the NuView defendants and the MTS

3 defendants have actively and knowingly induced infringement of the '296 and '877
4 patents by intentionally encouraging the use of, offering for sale, and sellng adenosine

S as a substitute for Adenoscan inMPI.

6 I 16. Even if customers were to use adenosine to treat cardiac reperfusion injury

7 by continuous infusion at 70 mcglg/min according to the methods set forth on the

8 websites of Anazao and Nu View and in their product literature, such use would infringe

9 one or more claims of the '296 patent.

10 117. Through at least their website solicitations and corresponding product

11 literature, the Nu View defendants thus actively and knowingly induced and encouraged

12 direct infringement of the '296 patent in violation of 35 V.S.C. § 271(b) even to the

13 extent that Nu View contends that any of their customers actually used their adenosine

14 product for treatment of cardiac reperfusion injury rather than MPI.

is 118. As a consequence of these infringing activities by MTS and NuView,

16 Plaintiffs have been damaged in an amount not yet determined.

17 i 19. Plaintiffs wil continue to be damaged as a consequence of Defendants'
18 infringing activities unless those activities are preliminarily and permanently enjoined.

1920 COUNT II
21 CONTRIUTORY INFRINGEMENT OF U.S. PATENT NOS. 5,731,296

22 AN 5,070,877 BY THE NlIEW DEFENDANTS

23 120. Paragraphs 1-1 19 are incorporated herein by reference.

24 121. The activities of the NuView defendants in marketing adenosine
25 compounded by Anazao for use in NII also constitute contributory infringement of one

26 or more claims of the '296 patent and one or more claims of the '877 patent under 35

27 V.S.C. § 271(c).

28 i 22. The Nu View defendants have offered for sale and sold an adenosine

19 22
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1 product for use in practicing the patented methods claimed in the '296 and' 877 patents,

2 which use constitutes a material part of the claimed inventions, knowing that the

3 adenosine product is especially made or adapted for use in infringing the patents, and

4 that the adenosine product is not a staple article or commodity of commerce suitable for

5 substantial noninfringing use. On information and belief, Nu View's customers have

6 directly infringed the '296 and '877 patents by using adenosine purchased from

7 Nu View in MPI.

8 123. On information and belief, there is no substantial use ofNuView's

9 unapproved adenosine product for reperfusion injury and certinly no such use by the

10 customers to whom defendants direct their adenosine sales efforts.

11 124. Even if customers were to use adenosine to treat cardiac reperfusion injury

12. by continuous infusion at 70 mcglkg/min according to the methods set forth on the

13 websites of Anazao and Nu View and in their product literature, such use would infringe

14 one or more claims of the '296 patent.

15 125. Thus, even if Nu View were to prove a substantial use of adenosine to treat

16 cardiac reperfusion injury, that use would stil fall within the scope of one or more

17 claims of the' 296 patent and would not constitute a substantial noninfringing use.

18 126. As a consequence of these infrnging activities by the Nu View defendants,

19 Plaintiffs have been damaged in an amount not yet determined.

20 127. Plaintiffs will continue to be damaged as a consequence of 

the NuView
21 defendants' infringing activities unless those activities are preliminarily and

22 permanently enjoined.

23

24

25

26

27

28

COUNT III
WILLFUL PATENT INFRIGEMENT OF U.S. PATENT NOS. 5,731,296

AND 5,070,877 BY THE NUVIEW DEFENDANTS AND THE MTS

DEFENDANTS

i 28. . Paragraphs i -12 7 are incorporated herein by reference.

20 23
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129. In proceeding to make, offer, and sell their unauthorized compounded

2 version of Adenoscan, the Nu View defendants have knowingly and recklessly

3 disregarded the '296 and '877 patents and Astellas's exclusive marketing rights under

4 that patent.

5 130. In proceeding to make, offer, and sell adenosine for use in MPI, the

6 Nu View defendants and the MTS defendants have knowingly and recklessly

7 disregarded the '296 and '877 patents and Astellas's exclusive marketing rights under

8 that patent.

9 13 1. Defendants' activities constitute wilful patent infringement warrnting

10 imposition of treble damages under 35 U.s.C. § 284.

11 132. Defendants' flagrant disregard of the '296 and '877 patents makes this an
12 exceptional case warranting imposition of attorney fees against MTS and NuView

~ 13 under 35 D.S.C. § 285.

14

is COUNT 
IV 

16 INTENTIONAL INTERFERENCE WITH PROSPECTIVE ECONOMIC

17 ADYANTAGE BY THE NUVIEW DEFENDANTS AND THE MTS

18 DEFENDANTS
19 133. Paragraphs 1-132 are incorporated herein by reference.

20 134. MTS and NuView had knowledge of the existing business relationships
21 between Astellas and Astellas's customers that would likely have resulted in future

22 economic benefit to Astellas. Despite this knowledge, MTS and Nu View intentionally

23 interfered with these relationships by proceeding to market, offer for sale, and sell to

24 Astellas' s customers adenosine for use in MPI according to business practices that are

25 prohibited by California Law.

26 135. MTS and NuView's actions have caused actual disruption of Astellas's

27 business relationships and resultant economic har to Plaintiffs in an amount not yet

28 determined.

21 24
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1 136. Plaintiffs wil continue to be damaged as a consequence of Defendants'

2 actions unless those actions are preliminarily and pennanently enjoined.

34 COUNT V
s UNFAIR COMPETITION BY THE NUVIEW DEFENDANTS UNDER THE

6 CALIFORNIA BUSINESS AND PROFESSIONS CODE §17200, ET SEQ. AN

7 CALIFORNIA BUSINESS AND PROFESSIONS CODE § 4381

8 137. Paragraphs 1-136 are incorporated herein by reference.

9 138. In marketing, offering for sale, and seIlng its unauthorized compounded

10 adenosine for continuous infusion for MPI to customers as described herein, NuView

1 1 engaged in unlawful, unfair or fraudulent business practices in violation of the Business

12 and Professions Code § i 7200, et seq.

13 139. As set forth in detail above, the NuView defendants' unlawful conduct has

14 included numerous violations of 
California law, including violations of California

is Pharmacy Law.

16 140. Violations of California Pharmacy Law constitute unfair competition

17 pursuant to Business and Professions Code § i 7200, et seq. and California Business and

18 Professions Code § 4381.

i 9 l-41. The Nu View defendants' conduct, even where not unlawful, offends public

20 policy as it has been established by statutes and the common law. As set forth above,

21 the Nu View defendants' scheme to develop and perpetuate an elaborate ruse concerning

22 the use of adenosine to treat cardiac reperfusion injury to deflect attention from the

23 unlawful and infringing acts of marketing and providing unapproved adenosine for use

24 in MPI is immoral, unethical, unscrupulous and substatially injurious to consumers as

25 well as to Plaintiffs.

26 i 42. As a consequence of the Nu View defendants actions, including their

27 violation of California Business and Professions Code § 438 i, Plaintiffs have suffered

28 damages in an amount not yet determined.

22 25
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1 143. Plaintiffs wil continue to be injured as a consequence of Defendants'
2 actions unless those actions are preliminarily and permanently enjoined.

3

4 COUNT 
VI 

5 UNFAIR COMPETITION BY THE NUVEW DEFENDANTS AN THE MTS

6 DEFENDANTS UNDER THE CALIFORNIA BUSINESS AN PROFESSIONS

7 CODE §17200, ET SEQ.
.

8 144. Paragraphs 1-143 are incorporated herein by reference.

9 145. In marketing, offering for sale, and sellng an adenosine product labeled

10 for treatment of PSVT for continuous infusion in MPI to customers as described herein,

1 1 the Nu View defendants and the MTS defendants have engaged in unlawfl, unfair or

12 fraudulent business practices in violation of the Business and Professions Code §

13 17200, et seq.

14 146. Defendants' off-label promotion and sale of adenosine labeled for

15 treatment of PSVT as a substitute for Adenoscan in MPI constitutes a violation of

16 California law including at least California Health and Safety. Code § 111440, which

17 prohibits the sale, offer for sale or delivery of misbranded drugs, and § 111375, which

18 requires adequate directions for the use of any drug.

19 147. Defendants' off-label sale of adenosine labeled for treatment ofPSVT as a

20 substitute for Adenoscan in MPI is immoral, unethical, oppressive, unscrupulous,

21 and/or substantially injurious to consumers, and further contravenes public policy as

22 established by statutes and common law.

23 148. As a consequence of Defendants' actions, Plaintiffs have suffered damages

24 in an amount not yet determined.

25 149. Defendants' actions constitute unfair competition pursuant to Business and

26 Professions Code §. 17200, et seq.

27 150. Plaintiffs wil continue to be injured asa consequence of Defendants'
28 actions unless those actions are preliminarily and permanently enjoined.

23 26
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i REQUEST FOR RELIEF
2 WHREFORE, Plaintiffs pray for judgment against Defendants as follows:

3 A. that Defendants have actively induced infringement and/or committed acts

4 of contributory infrngement with respect to one or more claims of 

the '296 and '877
5 patents;

6 B. that Defendants, their officers, agents, attorneys, and employees, and those

7 acting in privity or concert with them or any of them, be preliminarily and permanently
8 enjoined from further acts of infringement;

9 C. that Plaintiffs have been irreparably harmed by Defendants' infringement

10 of the '296 and '877 patents;

i i D. that Defendants' infrngement of the '296 and '877 patents was wilful and
12 deliberate;

13. E. that Defendants be ordered to account for and pay to Astellas, Item, and

14 King all damages caused to Astellas, Item and King by reason of 

infringement of the
15 '296 and '877 patents, including Astellas's lost profits, and that such damages be

16 trebled by reason of 
the deliberate and wilful infringement of 

the '296 and '877 patents

17 pursuant to 35 D.S.C. § 284;

i 8 F. that Astellas, Item, and King be granted reasonable attorney fees pursuant

19 to 35 U.S.C. § 285;

20 G. that Defendants have unfairly competed with Plaintiffs in violation of 

the
21 California Business and Professions Code § 17200;

22 H. that Defendants, their officers, agents, attorneys, and employees, and those

.23 acting in privity or concert with them or any of them, be preliminarily and permanently
24 enjoined pursuant to California Business and Professions Code § i 7203 from further

25 violation of the California Business and Professions Code § 17200 and that Defendants

26 be ordered to disgorge moneys received by virtue of their unfair practices;

27 1. that the Nu View defendants have violated Calìfornia Business and

28 Professions Code § 4381;

24 27
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i J. that Plaintiffs should be awarded actual and treble damages, reasonable

2 attorneys' fees and costs of suit pursuant to California Business and Professions Code

3 § 4381(b) and (c);

4 K. that Defendants be preliminarily and permanently enjoined from further.

5 violation of the California Pharmacy Law pursuant to California Business and

6 Professions Code § 4381(b) and (c);

7 L. that compensatory and punitive damages be awarded against Defendants in

8 favor of Astellas, Item, and King for Defendant's intentional interference with

9 prospective economic advantage; and

10 M. that Plaintiffs be granted such other and further relief as the case may

i i require and the Court may deem just and proper, together with costs in this action.

12

13 Dated: NovemberW,2008

14

15

16

17

18

19

20

21

22

23

MORRS POLICH & PURY LLP

~Ridge
Attorneys for Plaintiff, ASTELLAS US LLC and
ASTELLÆS PHARMA US, INC.

Charles E. Lipsey
Susan H. Griffen
David P. Frazier
FINNEGAN, HENDERSON, FARABOW,

GARRTT & DUNNER, L.L.P.

Attorneys for Plaintiffs, ASTELLAS US LLC and
ASTELLÁS PHARMA US, INC.

24

25

26

27

28
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i . Dated: November ~ 2008 WHITE & CASE LLP

2

3

4

5

6

7

8 Dated: November 7., 2008

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

~~&~. ~)
Gle. . Trost
Jean . Shimotake
John P. Scheibeler

Attorneys for Plaintif Item Development AB

JONES DAY

Attorney.. for Plaintiff King Pharmaceuticals
Research and Deverõpment, Inc.

25

26

27

28

26 29

Case 2:08-cv-01083-JFW-VBK   Document 100    Filed 11/21/08   Page 26 of 50   Page ID
 #:1712



DECLARA liON

Case 2:08-cv-01083-JFW-VBK   Document 100    Filed 11/21/08   Page 27 of 50   Page ID
 #:1713



1 D~mald L. Ridge (SBN 132171)

dridge(âmpplaw.com .2 MOlUS POLICH & P~Y LLP
1055 West Seventh Street, 24 Floor.

3 Los Angeles, CA 90017
Telephone: (213) 891-9100

4 Facsimile: (213) 488-1 178

. Attorneys for Plaintiffs
5 ASTELLAS US LLC and

ASTELLAS PHA US, INC.
.6

. Glenn W. Trost (SBN 116203)
7 gtost(áwhitecase.com

. WHITE & CASE LLP
8 633 West Fifth Streetõ Suite 1900

Los Angeles, CA 90 71-2007
9 . Telephone: (213)620-7814

Facsimile: (212) 452-2329
i 0 Attorney for Item Development AB

11 Theodore S. MaceIko (SBN i 50211)

tsmaceiko(âj ()nesday .com
12 JONES DAY

555 South Flower Street, Fiftieth Floor
i 3 Los Angeles, CA 90071

Telephone: (213) 243-2864
14 Facsimile: (213) 243-2539

Attorney for King Pharmaceuticals
15 Research and Development, Inc.

16 UNITED STATES DISTRICT COURT
17 CENTRAL DISTRICT OF CALIFORNIA - WESTERN DIVISION

18 ASTELLAS US LLC, ASTELLAS Case No. CV08-01083 JFW (VBKx)
PHA US, INC. ITEM19 DEVELOPMENT AB, AN KIG DECLARTION RE JOINDER
PHACEUTICALS RESEARCH PURSUANT TO LOCAL RULE 19-2

20 AND DEVELOPMENT, INC.

21

22 v.
23 ANAZAOHEALTH CORPORATION, .

NUIEW RAIOPHACEUTICALS,
24 INC., PAUL J. CROWE, KEITH

RUSTVOLD, MTS HEALTH SUPPLIES,
25 INC., NABIL SABA, AN GHASSAN

SALA YMH

Plaintiffs,

26

27

28

Defendants,
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1 NUEW RAIOPHACEUTICALS,
INC'f.PAUL J. CROWE, AN KEITH2 RUSiVOLD. .

3

4 v.
5 ASTELLAS US LLC, ASTELLAS

PHA US INC. ITEM
6 DEVELOPMENT ÄB, AN KIG
PHACEUTICALS RESEARCH

7 AN DEVELOPMENT, INC.

Counter Claimants,

8

9

Counter Defendants,

NUEW RAIOPHACEUTCALS
10 INC'f.PAUL J. CROWE, AND KEITH '

RUS i VOLD
11

12

13

Cross Claimants,

v.

ANAZAOHEALTH CORPORATION
14

15

16

Cross Defendant.

17 DECLARTION OF COUNSEL UNER LOCAL RULE 19-2

18 This action involves causes of action for infringement of U.S. Patent Nos.

19 5,070,877 (the '877 Patent) and 5,731,296 (the '296 Patent). Although plaintiff King
20 Pharmaceuticals Research and Development, Inc. (King) owns the' 877 patent and

21 plaintiff Item Development AB (Item) owns the '296 patent, both patents are

22 exclusively licensed to plaintiffs Astellas US LLC and Astellas Pharma US, Inc.

23 (collectively Astellas) who control the enforcement of the two patents and have the

24 right to bring suit under the patents. King and Item are joined as co-plaintiffs to avoid

25 a dispute over necessary paries.

26 The interests of justice wil be advanced, and a multiplicity of actions avoided,

27 by allowing these causes of action to proceed together in a single lawsuit because the

28 infringement claims under both patents arise from a common nucleus of facts. Both
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1 patents -cover different aspects of the method of using Astellas's branded

2 pharmaceutical product, AdenoscaniI, as a phannacologic stress agent to diagnose

3 cardiac disease.

4 As set forth in detail in the complaint, Plaintiffs' causes of action relate, in par,

5 to the Nu View defendants' unauthorized sales of an unapproved copy of AdenoscanlI

6 whose use infringes both of the patents licensed by Astellas. Moreover, the NuView

7 defendants' efforts to hide their infrngement of both these patents through an elaborate

8 ruse gives rise to Plaintiffs' actions for unfair competition and intentional interference

9 with prospective economic advantage. Separating the two patent actions and requiring

10 . them to be heard individually would result in duplication of effort by the Court because

11 the infringing activities arise out of the same transactions for both patents. Moreover,

12 much of the conduct at issue in the unfair competition and interference with

13 prospective economic advantage counts is the same conduct at issue in the patent

14 infringement counts.

15 Finally, the technological background concerning adenosine, its physiological.

16 effects, and its use in humans is relevant to both patents.

17 I declare under penalty of perjury under the laws of the United States of America

18 that the foregoing is tre and correct to the best of my knowledge, information, and

19 belief.

20 Executed on November W , 2008, in Los Angeles, California.

21

:: ~L.Rjdge
24

25

26

27

28
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Pri &ainl"ohi Kigh
Assi.út Exne1' Erc Cre
Attme Agi: or FirmWhte & Ca
157) ABTRCT
Ths ineiron is coiicccd will 1le use of adnosie lI an
agent for the treat of hmn bein, Mare pæcuy,
Ib invention is coDcecd wlll the admon of
adosie to hin paents by cotiiious inlrveDOs
insion for, iDla al, coDtrol cl bloo pressu, use as a

selective vasoditor. deceasing pulmonar vascul
resitace, ltei acte puloa hypiion in con-
junction wi ÏdlFatc repir ditrs syidrme. in
diagosing pulna hypsion iD conjunctoQ wilh
ciac septu defec. in pacous lmslumango-
plasty (PCA), In CQOQar tIlysis (CI) and iD
Jadonuclcide scitogiy.

9 CI No Drwi
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Ac~digly, for adnose to be of prctca vale for
use as a vasto, it nust be adsted contiuouiiy to
ma pla levelJ su1ciently high to aceve vuod-

'I applicaon is a diviiona of ~ No. 07/821.395, latloD. The probem, boi:c:, Is that such continuous

1ied Jan 14, 1992, now U.S. Pat No. 5,2 1.086, which is 5 iiiraton could le to unilsi side et, such as

a contltioi of Sc. No. 07/630.413, tied De. 19, 199, the abVe-Doted hea blocge.
now U.s. Pii No. 5,104,859, whidi IS a conlÏDuadoD of Sa It also should be noted Ibat compnd commnl u5c
No. 138.306. fi De. 28,198, now abadoned, which is as vasodilaton, such as sodium nitroprus"ide,
a contiuatoD-inpai of Ser. No. 030.25. fi Mii 24, nitroglcee, isBuine, hyib. plsin and Ibe lie.
1987, now abidoned, which is a conlÏuaton-ln-pa of 10 have vars sie efecs. For exle. so nipisslde

Sc No. 'n9.516. fied Sep. 24. 1985, now abaioned has the drawbacks of tachypbylaxis and rebound
Tls invention is coni:ed with tl use of adnosine as hypnsion, a¡ntl caused by autgcnOlS genc;aton

an agent for the treatment of hum bengs. More of angioteisin to couii the hypmlve efec of Ibe
:piiy, IbÌDcntion is coiicd with the ii ni1rssidc As a consequencclbe doag of nissidc
trtion of adciie to humID paents by contiuous intr- 1$ must be irCllvely incrase wit coiiue us to
venous insion for,inta al., cotrl ofbloo prSS1l, use overco lIe Jinsve effec 

of anglotcii and Iberc is
as a &cecve vasoai, deeasing punai vascuar a rik of rend du to the pIncc of midÐal exs
resistce trg acu pulnar hypeision, 1Ilig anglotcnsii. Nitrycere and pr sufer frm the

puna hypiilon in conjunCton wi idlopatc re drack of slow nnsCC an unprdictble acoi. bnßu-
pitoiy dis sy4nmc, and In dliig puonar 20 ra and so iitrsside bulb have a teinncy to
liniion ii conjuncton wilb cadiac Jcp dcfed. redce caac bloo Bow, whie nIssldc hydralaze

Adenosine is a nay OCg nucleoside cOIsed an prsin incrse hea rate.
of Ibe p~ adenie, an the ,augar, D-ii. Noi bas Accdigly. Ibere reis a nee for a vasodto
plmaleve!i of adnosine ii from about 0.1 to about 0.2 suitale for adnisttion by conlÏiious lnvenOls in-

JI pe li. In adon, It is conl prsent in the :z sion.
boy in ib far of adnosin monoposphatc (AM). The prscnt invention is baed upn th discover t1at
adnosie dihospte (ADP) aud adeosie trhosphte adeosie CA be aclle 10 hum patients under
(Xl). Adenoine ha ben rcp to have a varet of conditions sum tht signca vasodaton is aceved
biologca elec, dedig on wbetlc; Ibe adenosie is without Ibe occunce of sigicat he blockae. It Is
endogenous or exgenously adtc, includig sc 30 base oithe fuer discova Ibat adensi has a uique,
dve aid ani1c effec on the centr neous syst and heetofore ~ecate, actvi prñIe ii iis
and iDhibitlX çlecls on n:splron, caa-vascul efec, whch di siUy from th pro1cs of herofore
inudi prlongon of ata-ventrcu conducton tie commnly us vas. As a cocqencc of Ib
an imse fortion in t1e sius nod vasoon. dlscovç¡, it has be discovei Ibat adnosine ma be
antiaggatcc elec dee-case rclee of fre fat acds, 3S employed for the trnt of a varety of condìns by
antisecto effec in Ibe stoma, and anti-dlic çlec contuou intrenous inñsion lcquci.' In parcu,

As a genc: rue, hoevc;, adeosie and it biologca aid as wi be ilstte in grte i1 beow, adenosine
efec hae be ligely of physlalogicalntc;est. Tó Ibe has ben foun to have the followg charctcs:
extent adenose was of inteest as a pharceutca 1. It has selecvc vasodaton acvity, in th its effcct
prct that intaesl hIl center ¡i on its phosp 40 is lJte to a cac af-load efec That is, It actit is
davatve, wlch now is knn to be radly i:bolid to liie to diaton of iies and it has lie or no efec on
yield adnosie and phosphte in the citioD. See Sovi Cadi pr-load, I.e. as a di of vei.
c: al, Act PhysioL. Scd. 120:171-6 (1984). Howevc;, 2. Allhgh adenosiie has signca acon in blockig
phosbat may case undeir side effec For aamlc. atra-ventrcu (A-V) condutlcc by bolus injecon, it
bi leels of phoshate may cause ans secnda 45 ca be adst by COiiuODs inion and have sig-
to cleliion of mai:mn aDd caiu (See Deck et al, nica usef vasg acton at doages beow thos at
Anesthesology, S7:3A, 66 (1982)). which It ha slgica A-V acvity.

Furcre, adnosine is biOWD to prce hea block 3. Adenosiie has signcat hypnsive activi withou
thugh bloce of the aioveircu (A-V) nod. As a the ocUlencc of siiicaDt tschypylas, ;iarnlly
con5cquencc, mc1xtlci web as theohylle hae so be iinO$ine bloc the re-aoteii iys of
ben ~opsed by Bce, ct al, in U.s. Pa No. 4.364.922 the kidney, lbs prveiig hypsion due to the fora-
for use in ~i:endi hea block case by adenosine, In tion of angiotii in rense to hyptension.

pacular adenOliie releaed as a conscqiieDcc of caac 4. Adnosine's effect Is readiy coiilled beuse it isisem or hypa. actie at reltively s. does and bcse of its shoi
In adtion, it ha ben pr~ed to ta IIdvaiie of 55 plas hal-lie (10-20 sec). In addtion, its actvity

adenosinc's abity to bloc atrventrcu condict by quicky ceass when adosine adston Is teatc
usIg it to tr tayaytas. For such use, adcnoseis 5. Adenosie is cable of slgcatl incrasin ca-
adst as an injc:ble intrenous bolus contag dill output withou sigcally increasin ci wolk
from about 37.5 microgramB up to about 45.0 6.Adenosine,lntheamts 

useiD acdace with thenigr of adnoine. In such a us, thc adenosine 60 Inventon, Is esscutlaly non-toxic. It is IlpiiD taen up by
has litte delele vaii acon. Adeosin bas a li boy to fan AT, and upon degradation Its mebolites
very shor p1a ha.lie, of Ibe or of 10-20 secnds ar prent at or below li:els nor resutig from
(se, Fredolm and Solcv, J. PhysloL, 313:351-62 (1981)), physica exercie.
and thus the cocetratn of injeced adenosic is :rpliD The forgoi actvity proñIe pem contiuous ÏD-
n:duce to nor sc levels (abut 0.1511 mol pe lier). 65 sion of adenosine for controled hypteiioi dug iurgay,
The trslto praice of the InJecte adenoe precude for contrl of varous fcn of hypnslve crsis, to
al but the most tiitor vasodtion. . imve corna clcullon ilg sti In patient3 wIth

1
SELCTIV VASDILTION BY

CONTOUS ADENOSIN INSION
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Jseic ~ diease, for mJ th Ù1cideiicc of co geii aicsUicsa at do Ih do DOl fidu hea blo
ii pf ocusioD by iDaeSÏg gi flow foDwig Spe iilicatiois ficluiJ cODtrllcd hypoD dugCXDii bys su. lU for reci plateet Jo$S sllc:, iD pacu dion aid cJpp cI ccal
dul Cl by auc:. h his also beD foun ii ut anc:j control of bypiion aiis dug
adiiue ma be uscdfor deaeaiig puna vasciar 5 surci, for e:arle due to relese of caccholues in the
xi5ÌIlC, fw trg lcu puii hypioD. for co of phomocma 5Uei; and bnovcc coa-
trg ac puDar liDSou fi COUjUDctOD wiUi D~ ciiiatu and af-load rectou du abæniù
idopc R5tl ditrss sydrmc (IS) aDd for aortc ~Deu5l su. esy ii paeuts will isemic
diUQ6iig the opbity of the poboii vascutue ii hea dise. Por ~ch uses, dosae ra of th oriJ of 0.05
paents wi puiw hyplllou fi cOljuuc:on with 10 10. about 0.3 ~gr pe kiogr of boy weight peca sep Mee. AdDosie al is iise in iibl- miut are cfcce aiOlQts. -
ing clot ftton du8 pec:cos Imslurii cao- The seDd ieDcn caga) of contiuous adeuOBe
iw aigiopiu (P) and CorDar 1llysis (Cn), iDslOi app~tioDS is that in wlùch adeuOSe is adlJ
as well as an lÙ fi viua1g miocal iJatiOl for tacd to coosaous patieDti. also at level below which
iioøuc1cde sctigry. 15 adcosb exbi s.g~ca hei ~~g acton. These

II lCCi: wi. ths iiveitioo. adellSÌe may be leve~s an tycal aclevcd at adtratio~ lls cI 0.05
adst to hUl piails by contiuous iDlrveioos in ci adeoosiie pe kiogi pci miDut or less.
inou 10 prvi Si¡iiClt vasodtiou and without Spe exles of codiODS wh ma be trca wi
IIgiClt hem bloce UDde two couditiODS. Fint. t1e ~uos fi couscous paents incJde .ixeDtu of oc-
hear bloå acou ci adosii is uot detc durg 20 nou of cardi byus grs follow bys surer,
aoeiiesia wheD tbni of adlltiOl is 0.35 ii inaead ciac outpt iu paeits wi low ca OIlpUt,
of adlle pa ld of bo wi:t pa miute or les. and use of adciiosbe as aii adjuuctto doe trt for
Sccoii the li blocg acon of aduosine is Dol sbod .. .
dite even ID couscs paeits at ralcs of ailtr Bloo levels of adoome whch reuli frm aD ad-
liu of ab 0.10 mign of ad~1D pe kiogr of 2S isitioo ?lc of ab'! 10-30 mia-ogipa idogram of
bo wci pe miute ar lc:s. ~ wCJ~t pe mmte (~.010..M30 ro ~ kg. pe

Fw pwpes ci ths iiveatioii adeose caD be ad.. mmut) IDute ca be useii a Dumbe of ~ddtioual ways,
istc to lIe paeDt iD IDY ¡:ceutlc¡y aççble e.g., to de ~ vasc resistce, to tr
10n sule for us ii CODlÏUOU, inveuous iisloD. A acm: pulo~ hYp~Sloii and ai ~oiu hyp-
pdcr fcn is Al aqeos soutin of adeose. and :¡ teuSJou ÙI COlJOUctOQ wi~ idiopathc respiroi di5l~
lDe p-cfcnly aduosine ii isotoDÌc sae. The coucca- ~ (lS~. and 10 dignose puDar hypiiOD
tiOD of ii iu the soiutou is uot naly aiai iu .conJunctou .witl cadi se deecs.
allb¡b cocctratODS Of at leat abot 5 mlol (ar . The fO~OWg c:lc~ must~ fi greate de ap
ab LS migr) pe mite oholuton ar desir to clfc ap~ous of cou~uou! ~ve.Dous fisiou of
avoid Ihe nee for exccs5Ïe iDsiOi rate to acheve 3~ adcosI 1D accrdce wi ths iivelJoD.di SQ level. WheD adiie iiose to EX I
sm cbD. however it is posible to use COUceUtiODS CONTll .HYSlN DURG
as low as ab 0.1 mgml. The COccii.iD JUY be as iias lb solubi lit of .JD05Ïe (abt 20 inols pa ANIA
ii or 50S to 6 mi pe mite), if desid. 40 It is frcqucidy dcsIid to rece- the bloo pressur of

WheD used for COitiUOUS inusD in accorda wi patients dlog surci. For exame, in lIe ca of disscc
iJ Ù1veDton. il un doe foa ty~ ba a vol1l tiou. and ~JJg of cai: ar aneusms, controlled
of ai leu 2S0 in. and prkrbly fi the IjDgt of 250 hypslpu IS de to redce the aiiusm wal tensiou
to 500 mW. to provide an aduate supply of adeos- in orer to mize the rik of ni aud blecdg.
iDe. Couseueutl. t1e un doge fcm geuery wi 45 Coutroled byptcsiou is al uscc to redce blccg
wuta froi abt OA to abt 3 gram of iideDos. Ji dug otci fo of surer.
ai CbiD. tb uii do wi ci coue, be cospiid. Pror to tls invention, vasoto, suc as sown
Iny sm th it is for adts. nitrmde and Ditrccre, wer used far tl puse,

The adnos souton shd be 5te and fi from but bo have draw Foe cxe, so iipi:i
fuuglDd ba. Sudi 1i1iioDs Iuvc bc fouud to be 50 si sufen frm tahypylas, or lIe Dee to incre lIe
3tle ii rom ti:tu for lit lea tw yeas. do of iupnsside wl tl due to ih release of auo-

Suc lIutODS iie ¡nd by mlg adeuosi wiUi ten$Ì. Ii addtiD, rebod hypernsion al bas beu
lIe aqUCS clla. e.g. waic ll ii Isnic solutiou, and obsed folowig use of iisside. Niloglycc is
ot dc IDgruts. to ~e II soutOD haviDg t1e cbiiiici by Slow ouse of acon and uopcdctble
desId COUceDtnii and 1Iei stcii t1e; IilutoD. ~5 actou.

Coutlou iiision CaD be paor using any lcb- Adeosie bas ben found to be a rckily effecve
iugue tiOWD to th ar lXause adDosine ha 80cI a shor iigent for fiduciig contolled hypleasiou dug surQ).

plasma bal-life aud it is active at reliitively low Adeuosie, when adDistcied iD effecte amuts, bas a
conccutrtioas, ii is disi th the mellOd be ooe wlùcl ver raid hypeDSe efec whch cau be rapiy tcm.
mlzc or avoids f1ucton of sci adeDose level 60 Datd due to Ïl sho bal-lie. Moivcr, adenosioc doe Dot
Accgly use ofbigb ¡nD rocrpm Is pifar cause laypyls, apntl bcse it bloc there-

. As is DOed abe. the preDt lnvc:tiu has UIJOOS angiotensin sysie of t1e kldDey, ther preveutlg foc-
spc aplications. iludiii upu adeuos doe maou of aogiotusin which tends to couiieract the;
levcb ai whc: cr Dot adnosie isadmstcd to hypCDSioii For lhe sam ren, rebod hypnsn is
aieiiesi or COous pauts Tho ti geDcr cat- ~ avoide afer dlcouliuation of insion.
cgor of ~os is th fi which adeuosic is contiDII For ti indicatioii, adouosie tycaly is ailtcd
QUsly adled 10 a paCDt imcroing surer unde Ìlaveiiously vi Uie Idt baslc vc or via II centr vei ii
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5,731,2965 6
an anDt (or at Ill1) sucient to aceve the de awoiù 30 mmg (:l1.ISM). Manntol (l-1.S g.

hynsive eJcc n has ben found tht 10wc:g ohneai pe kg was given roulie1y at tbi: st of the opetion (e.g.,
ii bloo piSSl to .as low as 40 mDtc of 1-2 boon pior to the controlled bynsiOD). The paents
macu, as mesur by a caul in the le radi ar, wl:e opte on ii tbi: horDta supÌJc poition.
is :nadüy achieved wiut dgicllt side cffec. In s A l.2mm plastic caul was iDuce into thi: lef
pacuar, so 10Dg as di paent is uad ancssla, no ra lI to moii systc arer bloo plSS1
bloce of atro-veDtrcuar CODdutUCC is obsed (MP) aDd colleet ii. blood A baDoon-tipp iiow-

The actal pla level of iiDOSÌJI: emoyed for dled qua lumn Swa-GaDZ cii (Mod93A-
contrd hypeision wil var, depedi upD irch 831-7.5 F. VI Wll inscied pcDtaeolllY vh the left
faeton as the pacular patieit. the age oftbi: paent and ti 10 basc vein, and its COcc poitioD ii the puloDar aie:
desid degre of hyponsOD. As agenl:aI Me. however, Wll decd by plSSII trCÏgs. The catheter was use
a redctoD of me iu bloo prur to 40 to SO mm for the moiiorg ot mea rlgb ai pisu (R), me
Hg Is acc:ed by admstntloD of adeosi at a rate of pulDar ar piSU (PAP iu me pubnar
from about 0.2 to abut O..S Ddam of adenosie pe capi wed presure (I for th iJtertion of
liogm of bo weit pe mi The amount of adeno&- IS ~c output and coiicion of mied venous bloo and for
iDe icui to aclc:e a given degr ofhypteDSion ca be ~i: iion of adeoa. Aiot PJac c:ü!a was
reduci:d if adl:DosiDI: uptake inhibitors, Buch as ~trccpccuneoualy. ii a reigr dicton, ultOthl:
dipydaole, ar alo adstcr to tbi: paent. The ~t jugi bI~ fi lhe collecon of bloo The coct

po$!ll lIat adcose mit be usc: fo iDdoing positlai was vaied .by x.ia~.
CQnloDcd bvn~iion in bllS was suggesed by Kasell The ECO was moaitor will a 5ldad clst (Y5) lead.¡y-- 20 Hea iitc was dccd frm the R-R inteal. Bloo
et al., 1. Ncu$ur, 58: 6976 (1983), ~ UPOD tes in prssur wer mcad by trsduce plced at the
~'. Howc::r. ~ st was pcwn dug lIe adii- midtoncic level. Caac outp (QI was dced iD
isttton of dipyduolc, aaoler vesodto tht potenli- trplica acdig to the thciodtin teque with a
lI the eJcc of adcD~e by uiitig ccUuar u~ of cac out co (Ewards Lab. moel 9510). Is
adeDos,De. Th.e dose of diyrdale (1 mg was bigh, 2. tonic glC0e, 10 ml at 10 C, was used as a thcm
and It 1D fact mducc a 20% redctoii d the mean ar iadIca~ The BeG. bea rae. bloo plcssiies, iid tbCl-
bloo prssure. Th hypDsive efec d iiDose was modon cmcs wer record 011 aGrs(! polygh.
theii studied upoiilh hypasve dose of dipydaole. ii Bloo gase wer iiiied with apte elec
wa xcpo lb bypnsion to a me aiprssi of for pH, PCO:i, an PO:i (Rdiomete, CopeagCD). The
40 mmg .conld be induced ai matacd w1 an ÌD- 30 hemogobi concctratioii was dced spcopoto
6ioD of 0.4 gr 9f adnosie pe 100 milCl of nor mclcay. Sales for th dcpnninatlOD of adeosi and
saii, at a do of 50 iiute. Whll didaole ilS mebolis wac colloc as dCK by Sollev et aI.,
Was excluded ii a pDol stUdy, as inch as 5-10 Jl Act Physiol. Scad., 12: 171-76 (1984). Adnosiae and
lDut Wll reuied for die Iiducton d hyptension, iiosle wer pued and aaalyz by HP as decribe by
tbacy creatig aD exceive f1iid loa Kasel ct aI. DO 35 Ficdol aDd Sollcv., J. Physiol. (Lndon), 313; 351-6

lbinucton ofhypnsion in dogs is dIcu and spu- (1981). HypDtbe. ;wthe. aDd urc acid were an-
laed tht "adcaoÏD aIoii withut th potcatiatg efec lyid by HP acCOg to th mcod of Schwcisbc
of dipyc,ma be sufclcDt to prucehyptciioD in and Lo.. J. Oiomaog.. 181: 1037 (1980). An levels
ma wiout excesive våui. of fluid". !o not abve, of dipyrdale were dced by HP J. Oiomato,
efecve inducton of hypion in ma Is acc:ed at AO 162: 98-103 (1979). Bloo lactte was measud accg
adnosie dose levcb of onl 0.2 to 0..5 mgmiute. 01 to Tfell-Hasen ai Siggai-AidClseD. Scad. Cl. La.
30 to 50 tis lower level8 lh effece level In the dog. Inves.. 27;15-19 (1971).

Such low rak am hardiy prctble frm the infortin MeaurmeDts and blood samligs wer peon
of Kassel 1:1 aI. lmy bcor hypteoD, as late as possible dug
In a study iDndd to dcasàt use of contiuous ~5 hypeDsion (1-5 mi beore tctlg the infsioD) and

insion of adeosie to efect controlled hyptenson iD aPJ0xi~y 30 mi af the hypnse peod
ma. ten patients with DO boWD hlsttt of cadiOpiODar Dipydaole (5 mg. pe mi was ined iv (~.4 mg.
diases (sceD JDD aDd t1 women. ages 35-.8 yea), pe kg. OVCl a pcod of 5-10mi) apo;ely 20 miute
sceduled for iitn aneusm surery, Wci select pror to thciidQoli d contrlled hytenson. nu dos of

One hoa befor the OpcOD lIe patints wer ¡ncd- 30. dIpyole pIced cHiciy icc:ant dng levels ii die
ca crsly with diaz (10-20 mg.) Ate (O.S mg) plasma (1,W.. JI SE) dur the bypteDsive peod.
and dropcdol (0.1 mg. pe kg.) wac given inlIenouy (See Pedersen, J. Oiomagi. 162: 98103 (1979).
hefoie i:ducton of anesesia. InductoD was ir with AdcDOSIi (5 mM, 1.34 mg. pe mi in isotonc sale) was

thopta (5 mg. pe kg followed by pbeiopdie (1-2 admlC by coDtliiuous infsion (Crtin rolll: pmp,
in, a synthtic cpiate widi phaymcs resmblig 55 2102A siiai vcna ca) fai 12-71 minutes tiB
fentayl but with a loagc: durdon of acton and 1/10 of its SEM) at a rate of 0.01-0..2 mg. pei kg pe mi (
analgesc poteDCY. i=G.14IQ.04 SH. cixspOndDg to 8-00.1 mg. pe mi).

Paemonium trmle (0.1 in per kg) was gicn to The insion wi st at a ra d 0.01 mg. pe kg. pe
fadH cndotachea IitubaOD. Ancstesia was in inutc. which WiiS doubled at 15 secnd iDteals 1I1i the
tacd by suplemeDta doses of phcDopdie and 60 de$1m MAP 1id of 4050 mmg was xecd. The
drdol, as xcqulcd The tota dose.of diopdol did not coesdig volwi of iDii adeDose soludoD nu¡:ed
cxd 0.2 Dl, pe tg. aiid WiiS adst with the fist ñom 0.5 to 17 ml per mi (i SH. The mea
2 hOUs of anesesia Pheiidie was suppcmDt bypnsive paod was 32: mi Th to adenosie dose
rcguly to irc:cit tle bloo pIUI from exce thc did not excee 1.5 grii. Sc: crcatie was dctc
p-cacsUietic lc:el (iiox. 1 mg() 00). Coiiirlled 65 hefoi and on two cODScctie days afi opatlon. The
hypeztitlon was cmpoyed with a humdied gas mi- stada ECG wll reoi thc day bcfire and the da af
ti of 60 N:iO in oxgen to mata PaCo2 vaues at cpadoD.
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Sysimic vas re:i.cc (SVR) was dcved frm th .fmi
8

TABLE II

Cc ~ Vuiic Bcfl D1 OD 30 .Mi Ai Ad.1i CoIl H¡ia in
'J Pa.

SVIl~ J' Ji mi).. MABarlW

and puonar vascii resiste (P) frm the forul
Cal 1 Ad Caiil 2

l'VIf- PAl-PCP
10 Sysll blo LU:!6 78:! 6" 130:1 7""

ll pI (ii)
Dilllic blo 61:1 3 34:1 2" 71:1 3npi (i)

Oxy¡eD coteiit wu deved frm the fom S02.X MA -i 82:1 3 46:1 2" '1:1 4n

l.3xHlPO:rO.03. Foc et ai.. Br. J. Aiest~ 42: 803 U bl pm
(1970). The arerovenous oxygen cODteDt dlcreiicc

(mi)Jl 6.8:t 1.1 7.2:1 0.7 '.6:! 0.8
(AVD2) wu dctmncd aid used 10 cacult to oxygeD . al ¡n-
CODsuOD (V~ as the pr of AVOO2 BDd QT. (i-)
'so~.. -- :i I' 14.4 :I 1.0 16.5:1 09 14.7:1 1.4

1b resi of ths wad an siied ii Tables I-IV, ii oi pn-(i-)
whidi da ar. p-5Clld as mes :t1!. Tl statistca 1' ca 9.6:1 1. ii.o:t 1.0 99:1 1.4

signcacc (coDIrOl i vs. adiios ii coøtl 1 vS; ~ pISl
coDti2) was dctlncd by Snidct s ttest for pa da .23 (i-)

A P valll of o:.OS was regde as slgca ii '* 54:! 2 63:l 3' 58:! 3

The pue levels of Die of the paents were dc ~II pe mi)

piOl to. dug BDd af adiiÌDe-ince colrollcd Cia ou 493 :! 0.51 6.8:1 0.71' '.11 :l o.Sf

bypcusloii. Tb reults ii sinnmRThcd ii Table L (l pe mì)
30 syom-i 16.65 :I 19' 6.2 :I 0.6l 17.7o:i 1.12

TABLE I -i
(mø pe mi)

1' i. (i ¡".A PIu Jl.ll Pi va 0.9 :l 0.1' 0.82 :t 0.08 09:l o.U
-l AI .lii Co1l Hyp in rc

1'_ i'. (mø pe Uia ii)35

op '" 0.01c_ I !l~ :H Ml 2Q Mi np '" om, _a1 .i¡ di li ""i 1.
.. 0.1' :I 0.02 2.4' :I 0.65 0.2 :! 0.0 0.19:1 0.03 Th ,_&..-' f A;.da 1 "---ed MAP
.. (9 (9) (6) (7 04 e uuu..Oll 0 -YJU o.e ""~"" byIiii 0.0:1 noi 3.01 :I 1.43 0.69:1 0.26 0.29:1 0.1' awoitey 10 mmg ii five of ile patents. At ile sta

Jl 1 94c:0.5' 6.2~2.33 (5) 3.2~1.00 of tb adeDOSe insion, MAP was Dot sicantly
__ (9) (9) (8) dterii frOI the prdldale level (82: vs. 86Bl! mmg) as shown ii Table lL AdeliosiDe Induced a dee
:= '.93 ~:i 6.10 ~1,61 '-IJ~/~ 45 in MAP to 4ó mmg (43i:%) with 1-2 miuics.

Uri 18'.2:1 14.2 1",1 :t 22.1 19.5 .: 28. The dcii.l MAP was case by a parl do
/i (9) (9) (8 iii boil systc BDd dic .pnsSIe. The MAP WI5
"P': 0.01 stble Ifgh th bypiciisivc peod CAc outpt
..p c 0.0," d- ii di fi il catil 1 leel., 50 Inacd frm 4.9 10 6.9 1 1= miute (44%) ii paelNum of oi Iø ~ with a sn incnse in hea ra of 9; be pe inut

As is çvdeii frm Table 1, -inosln is prSCDt In the 10 The SVR deed from 16.7 10 6.2 mmg pe lite a
-7M rage dig blsa oonwtiODs. Coiiuous lislon or miute, ooire:poiidlg 10 a deea of 61:%, wh=
adDOue incred the ar adosiD inel io 2.45:1.65 PV was unåiiige RA, PAP. and PC were not

pM. The -iDOSin iiliICs inosine aid bypthe " iienccd by ~DO~C. .
were iDtn ilg the iiioD whereas x.tl and Mer diCOtinuatioli of ile inion, MABP was restor
ur ii level wer unected ÒDCC the desi bloo wiil 1-5 miuts. ReboDd hypenslOD ~d not oc.

ir~e level was re th insioo ra cod be ke algh the MAP was pcislCDty apxitey 10
coD:I lbou the hypiisive peod Af tc- 60 ~g higher af hypeDslon ii darg the tQllirl
till ct the lioo, the In adnosie level reed to peod. However. Ibe posthypteDsivc MAP wa DOl sig.

ooDIr vals wi 3-9 ni. ID was cliite mo oic& higher tbii th MAP beore aditraton of
slowly frm ile cicuaton and remed sli¡1l1y aboe dipydale. HCJ ra, QI. an SVR rc:ed iapidly to
bi1ccl 20 miulCs ii ti iislon. coiitrl level ooDcueDtly with the iestoaton ct MABP.
The ceii bcmoc viile were in in al 65 Oxgen OODteii, oonsumtions and lact CODccnlra-

10 paenl8 bcfim. duii an 30 minuts af cootrlled tiODS in nie paents bcixe, dug aDd 30 iiulCs afer
bypsioo ii iie su in Tabe lL ooiillcd hypension ar simar in Talle m.

At _i-
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TABU m TABLE lV-contiued

~ Blia or Ad iiN"ilii~G), ii N"itSNJied CoIl Hyploit ib Ca.l Su ..ii Sim,A 'l()li l'~ os I' £r Coll

'f Ai_ lhse CCl Di
(AVl2),1u Ai O:FD OoDi (AVDo2) Tol o... Ca
(V-A), An Ox 'ln (Po,), ArLa CQ (L) ii Ju¡ Ai""
i. Co Di (AVD) ~ iI
az af .A-ii Hypio bi NiæPiIf.

,

Col 1 .i Col 2

ADOSI SN" THO'"
n= 10 ø= 17 n'" 20

10
SV ~I' -:¡. -16.
PV -1' .¡I +12

A"V.
(in po Iili)
AVDO.
(in. pe Ji)
v., 22:t J, 193:1 16'. :u:t 16(in F am.) From th foregolg it is cvt tht coiitiuOls Iision
1' 11.0:t 9.8 97,,:t 9.0 93.o:i '.2 of iio51e dudg aiesesl is capable of slgocit1
~) 1.4:1 0.11 1.73: OJ! 1.82:l 0.:1.' reduclg bloo presim without evdenc of tachhy1a

(il F Ii) whic. at the sii ti casig a dese In paheralAVDj. 0.02 :l 0.04 -i~ :t om -O,Q6:l 0,04 20 vasc rcsÍ5tacc an inacase in cadi outpll and a
(mi F li) mod incrse in hcø rate lls sugges tht adnooe
op.. 0.01 ac lI a hytensve agcnt tlOlgh dion cl die ii
.. c: 0.0$. ~ IÕpi di Cr coll. rescc vaicuti.1D contr, so iitrsslde and

nicce induce hyptenson by bo pr- aid pot-
From Table m. h ca be se 1h lI oxyge tellon ~ caar diaton.1D adtion, controll hyon with

r:mcd unåingcd dug adCDosic-~ducc hypto?" adenosi belt prcse oxygen tissue pr th
SlOii VOi wai de by 13::%. wiJl a dee m hypension iido by Ditropsslde.
AVDOi of 37:f%. The aial1a concetrti was not R shoud be note tht, at the levcl of adcori used
alccd by bypion The cebi AVDi dcaesed bloce of aJo-vcntrcu coiictce dos DO oc in
siy by 37:l%. whie the ara-jUgu lact con- :i these pesons dug anc:esi.lDde adnosi is use in
teDt dicr was unatci1 bos fOf spca 10 bloc A-V condctce Ap-

Af tb hypene pcod. die melic vaables ell the pe pl roiienttioD of iiose b rollld.
rced to the contl levCi, e:ice for a roOt inçrease in eraby higher when gIg bolus injectons th the stedy
the sr lacte concentration. ~ state levels obted ii these contiuous inons.

The EC tbe da afr the opon was undiancd 11
ni se acDe level was 83:: ii beor optiOD
and 70: and 71:14 ii OD the fit 2 popative das. CONTOL OF HYElSI CR

Adenosie inon rate was COllt dug the hypn-
sion. which suggests the absnc of taypylis. 40 Contiuous inon of adenosie cà al be einloyed to
Subsequent 10 tbtest dc:ai abve. a 20 mM soluton coiil hypernsive cres ocg diung siger. Such

of adenom in is1oii &ae was adsted tQ 50 cis can oc, for exale, as a resul of release of
suca patientJ crloyig tcqnes si 10 those catecho1acs du su on phcoomocytom
debe exce tht ~Dt with diyrle was tuor ci by die pisence of caedo1amc-
omtted Hemnamc e:lcd si to those descibed 4~ whidi ~ l:use 'pUimoii edlD and deth. At present,
abve wci obsaed at adenosine dosages of O.2.3S mg this. ~ltnatíOD iS treated prophylacticaly by pre-

pe kg pe route Th eicc ca ou obtcd iion of alpha- an be-idrenoc bloc or
wi adeos in combtion with th matad ri vaoo but the c:cc is oftD lnulent. It bas now
and lef hea' fing ~ssurs, is In cont wi the been found th in th case of a caolame-Inducc
heodamc effec of contlled hypnson with sod ~ hypnsÌVe ais, p-omp insion of adnose wI rap
oitropsside or iiglycc as is shoWD In Table lV. Idly reste bloo prssur to.noi and wi cay ma-. ta Dor prsu UDtl the cis has pased Amoun of

TABLE IV adenosin wlu lie c:ccve in contllg sum hypen-sive cres wil dend on the degi of hypiiou.
" However. as a gcneral rue they lU abut ha of the

amounts found useful for contrlled hyptension. I.e.. in the
rllge of frm abDt 0.1 to iiut 0.2 mg adClosie pe
kiogr of bo wcigh per miute

46.3:1 2. 29.3:l :i' 46.8:1 3.2

8'.2:1 10.5 58.1 :I 14.1'. 74.9:1 7.7
.Pc:O.Ol

. "Dal fi ~ el ai., Ac ki Sç~ 24; 4262 (1980).
15 ..'Da 6o~ Ac ADIh Sc, 26: 4~3-7 (1982).

BX n

lI E& of IiIÎ anNii~ OD NÏl~)
ii Oibolk HyplaÏO di c-bn~ SlU ..i1 S"im ADli Tt
II l- .. ~ fr CoO

ADBNOS SNP. 'lO... 60 EX il
11= 10 11= 17 ",,20

MAP -4' -36' -36- IMOVE CORONARY CICUON IN
RA +6 -39' -1,- ISCHEC H. DISE
PAP +1' -v. -~, Paents ieqg abmi vasc suer. such asPC +14 -4' -15'
HR -+' +22. +19" 6' surer fOI an aere =eusm, frquc;tl also sufer fr6m

ci +4. -15' -:M. Ischcac heii dlseas, oc insufcient bloo flow to the hea
tisue, which may prescot uDdesibJe complicaonsln suc
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si. Aay, drgs wi vaod pis,
such 11 iso iud Dissi, ha'Ve bu iDvesptc
fo possib Uai to increase myoa bloo lIow and to
rece pe.l vasc im (af-load recton)
dwng suc suer; however, thy ban bu fowi 10 have
no beiici eff~ witb resp 10 co flow and,
inde DIy reduce oolW bloo flow. li contrl,
adnosic adstered by conliuous insIon bas ben
fOUd vr dfccve in incmslg myoci1ii bloo flow
aid. in suci us is acrn: by an increase in caac 10
output

For web appcl1on. th ii of adnosc admiJlbtntion

shoud be iuc thi tb is no moe lJan a 1~20 pecnt Me Ai
i-cton In bloo ¡iur. ~ I gener rolc, tb is ~mi~ii)
iicd by Use of aiei of adiuston of di orde of U (bob)
0.05 to ab 0.1 JI. adnome pe Iåog pe iiin. In Ca Ou
su a cii myoi bloo flow has been found to be (Uii)
dobled cac oulpt bas ben incse by 10 to 20 ~ /i
peent. an blo ¡nsurc bas ben rc by 10 to 20 (ii (mm)
pc. al wit clii¡e in ollgai consumon and 20 RA C-) (im
wiou EeG sigis of isdielD. SIi Iø(ui"'Loft Vc SIIi (J)Onlb

~ ai CD '" 1$)

12
bloo pres&U (abt 30 to SO JI pe kg pe JD.). Or
1I0w WII cOiiuoBly JDa$Ued befOl and dig a 10 or

30 miin inAOn of adnoine aD tiiiy dug the
fOllowi 5 minie contrl peod Data arc e~eSled as

, mea:I 8D dieniis wer ted wil Student's
pa I-test agalsllb :pg pc

Th reml of tJ stdy U' sumed in Table V.

TABLE V

CONIOL CONlOL
llRB ADIDOSJ AY
8-4:3 14:l 3 11:1 3

Poe 0.01 P.; 0.01

82:l , ø:au 81:1 6-

4.a:i 0.. ,.6:l 0.3 '.3:1 0.3
Poe 0.05 IL

16.7:1 i. 18.:l 1. 199:1 1.0

4.1:l 0", '.3:l 0.4 ,.8:1 0.7
".6:l 2.6 38.:l :i 39.I5:l 2.'

OM :l 0.03 0.41 :l 0.0 0.49:l 0.04

-4:l , 71:1 7 39:1 ,

P oe 0.01 p~ 0.001

EX IV
CORONARY VASODlLON

11 b2 be fuer found lht when adnosic is adn-
isted by fnsion ii ate wbdi do not induce sigica As Is evit fr Table V, adenooÙle in a dose of 49.4

hy,ion. it ha clcay usefu regional clJs in Jlglmùte. a level which red men iial pressur
ui an anesteti paents. 30 12%,liid ~c oulput 12%. aii doubled graf Jlow.
For examle, adnooine at does of the or of 10 to At thc sa ti. he ra, iiea pulmnar iø

IS pccent of bynsie levels (e.g. 0.02 to 0.05 JI. pe press~ cetrii 'Vcnous ~ss, stroke inde ai left

kg. pe mite) can be a usef adjuct to awon by-pass ventrcular. stoke work indcx remained cs.scDlialy
su. apently duc tó a prerenti coon 'Vod- uDclcd Oiaf li ate was rcoccd to it oral vauelion. It ii ben rqed th cuoi ar gr ocude 3~ on teon of adenosine. No iiyt wac obsed
JI frllnt du di potove peod when low lbs dconstttc tht i v. adeosi at low ia (30-50
¡n-Jlow values .e obed dug su. Se Gndi JIg po kg pe in) indu a make iid rarodclble
et ai, Ciæultion. 42: Suppl 3; 106111 (1970). It bas hoD incrcm In giaf flow withut iDael myocdI work,
found lh low dos of adDoslne. adteed post- apently due to prefaCltW viodatar effec of adeo&-

optively Ù1cr graf bloo flow withou signcat 40 ine in th coii vascutu.dfed OD alo-veiitrar conduce. 'I iion EX Y
of low doses of adDOe for th pu ca be i:ed out
for as long as is iiii to af øpl. graf 1l0ws INCRFD CAIAC OUfUl
and redncc risk of occluson. but oiary th peod Dee As is evnt fr the forgoing data intravcnousl
no exce 43 bou foDow su. 4$ ins~ .denOlÙle bas the abilty to iicr cac out

In . study desipcd 10 investigiic thc use of adnosie to withou iig bei wad Th is in contrt to oter
inbit oçuson of cona &raf. DÙc patents (age vasoto. su as lO nitropsSÏ, wlcl ma
45-, ii tung bc-blod) were studid dug coro red i:c ovui dependig on th liodnac
iw ii sicr. Me pncaOD, io (i~lS slas of lIe paliDt. ~ . consequcncc, adenoe ca be
m¡ an &Cla (O.~.t5 mg. llcsthe5Ì was induce $0 used 10 5I1e cadic outp in patients with low i:
by fcntl (30 ii.b.w.). Pacuoi (0.1 in b.w.) oulput sts, due, for exllle, to hea sugcr, ii and
was given 10 fae ciiotac intubaton. Anesthcm the li Ths iiUy is due to adenosine's abilty to
wu manta wi fciiyl 0.5 m¡ou, NiO (50%) in redce af-lOad, without havig rdca efect aD pre
ox¡CP aDd dropdol (0. I mg. b.w.). Durng bypass loa In cont nisside reduces both af-load and
tbomc (5 mg b. w.) was given. Nitrous oxide was ,~ prloa an nitrogycere is efecve prdpay (90%) on
DO used af byss. Extrea draton (ECC) was redcig pr-load, lld bas on a iw effec on af-
pcon wi a roller pu and i Shley bubble oxygep- loa
ala ¡r wiCfsliold soluton EC (moded V,). an Poc ti applicaon, effvc dosaes ar int=cdi
ar lie iid . SwanG-i .c.ler wer used for moni- those used for Incrsed graf Bow and controled hypcn-

to an for bemo iiment. Bloo flow in 60 sion. Tyca the effecve dose is of the orde of .wo
bys i¡ (_15, Intcalii an vcnOQS graf), ¡i inDlte. Thc iJon of trcat ca be as long
was measiid will iiale sized squarc wave elec as reui to su th hear It alo ha be found tht,

minctc flow pr (Nycoii 732). Tb study wa pc- on taation of the adenosi, ca oUIput although
ford 2~30 miutes af th tenaon ofEC Afa a less th that du treabnnt wi adnosine. frequcntly
control peod (5 mi). adnOllne (05.3 mg clca 6~ rcnns iboe th cac outpt pror to trlmnt.
solutoo) w.s contuously ined in a central vei In or In di re adenolnc ii of vauc as in adjunct to
to induccawoxely 10% iecton of me aral doame lIlmnt foe caogenlc sbock. Dopae is
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frueDty gicu to patent in shok to stulate bCl
acon iud thacy inaese bloo pr. Adeos tl
be adnistiied with doe to moate peci resis-
taii wilout comomsig systc bloo irSlDe. iud
thus inae cadic outt

Adenosine b unlqie ii .I ac in 1hs respe beuse
it is able torcduce af-loa wiout sigiicaUy incring
hear rate. In contrast, agent pieois1 used to rece
cac af-loa fIB cxle, hydr aid ¡razsJn,
ina-case he iate.

14
counts wc: c;essed il pecentage of presllisi level

and wen coct for hemotion MAPwas moni
coiiuously via a caetii iDtce in dio raal ar.
Al patents received hypiic iil (1-1.5 gi du.

s ing O' iud mine pructon was cacuat as ml.i of

O' (fable VI.
Peropve blo loss and bloo lrstsioos coul not

be coar becen Ole grs, due to the sniness of the
seres aid the Inolvemnt of JIy surgcons ii the stdy.

10 Posative blceg was meSlDed as the bloo loss from

the robe dtge fr the end of opon uii the

post()ti~ mong. One patient in the adllSinc grp
PL I'UI0N DURG was c:clude bcse of i=tiOD for sucal reasonsr- A .....OPUOiNAR BVDAS (for nisic bleeg du to suiu inciency ÌJ a gr~~ ..... L3 antoøis) wilb 6 hour af CP. :

Contiuous insion of adose also ba be found of Adenosi (5.3 mgml, cl soluton) was iisc at a
use ii putcg platets dig cadiopulonar bys. iato of 100 pg iutthe supcveDl caa thghout
For such use, ii is deir to mata the adnosin dosage CP. The adnosine dose was base on five pßot cases in
below th afOJg sigt vasoalon. and a l1 ct 20 which a vaaton doe-rcspoii was obsered. The high-
abut 100 pglmi has bc~ fonnd efecve:.l! CODtr cs insion rat th di not iidi systemic vaodation
prostcycli, a pr05~gldi used to inbibit plaelet wa chen for 1h smdy. In sa cas the plasma adenosine
agggation, is as~tcd wi sevc: systc vasodon levels wer dcamed by high pe~ce liquid cl-
and hyptcnsoo du cona byp suic:. tography (HPLC) (Fredholm and Sollevi, J. Physiol.
Twenty-iìe patiClt&Schcded. foc conia ar bypass 2S (Ldon), 313: ~51-6 (1981) In ii lId in venous

sii wer randomly assigned to two grups-Qne wilh (venous lies to lhe oxygeDatll) bloo. The adenosine
adenosine insion (0=13) and the oter wit p1a in metolite inoæc, hypantbe and ur add wer alo
sion (0=12). dc by HP Tb smles wer coec as pn
Route tets of coagulon sts wer nor ii al viously descred (SOILCV Ac PhysioL Scad.. 121:

paeits. lId none was tig drgs knwn to afec pliict 30 16~72 (1984) at the intc of 10, 20. 40 and 80 miut
fuiion. Inirvenous anescsia was DSed ci hi-d du Cl and 20 m1mites af CP.
fentyl (100150 ¡i a- bace iuesi (lbopta Resiis ar s1led in Tables VI iud vn below, in
feiiyL. di and N2010.;. whch dala are prnted as me :iEM Stastca sig-
Dung cadiopii byass (Cl). in ii ni (controls v. adeosi grp) was dcd

bloo prcssi (MP) aboVe 70 ing was trte wi 3' wIth Stdent's Hest fo wi da For sigiCl
lhe vasodtor so nitrssidc (SNP, exce in the wiUi th groups the Wicoxon Ra Sin test was used
fial phas ir rcwamg. Cl was pcdor with SAR ¡K.05 wa reg8I as signca.
roller pum aDd a Shcy oxygenator (lOOA) pr wilh
200 ml aytaoid solution (15 mg hep). Th pcslon
nte was ke at awro;úy 1.8 mlm2 boy suñac 40
Modte byp (25. C.) was inuce Caopegi
was. obed wi Rier's souton (wf added posi
up to 20 mM). Hepar (3 mg was adstcd as a
bolus injecoo beor cannultion. The hc:n ef wa
oonlrollcd by meurement of acviied clotg ti. 4' Ai.. 1"'"
(Hoaoof. In. Tccdye Coip, US). Th ti (ACI Ma~
wa ;: scds In al patient du CI. At ti tc- cP1D (mi)
naon of Cl. the bcll elJec was IUtaoiizc wiOl bo plalci
iiote (c. 1.3 inmg hcp). ACT was chcc 10-20 ~ co
in af th pre inon. ACl values 120 se were ~ Pepo. urconsde safact. pi
Platelet count (Lon 431 A ce coimter) iu betoa ~=~)"lO 690 :I (J

were dccmcd ii aral sales beor anestesia af io (mI) ·
lIoracmy, dug CP at 10,20,40.60,80 and 100 mi,
30 mi af Cl and 00 iJe posttive day. Platelet

EXLE VI

TABLE VI

PAT DAV

Ad (mi "" ki _ ml)
o 0.1

SJ (ni 41~)
1UI
~:iio
162 (i- 107-235)

SJ (nqo 4'l14)
i2l1
1:2 :I 10
i~ (nn 106231)

9.1 (2.1-20) 4.1 (1.-9.5

64 80'
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TABLB vn

Ar -i ~ Co (i ofAd II il Møbc (i = 6) JIliDu ooA!.. In ro.llO x 0-1 x miI
CP CP'1

p-CP 10' '1 40 li poll~
Mo 0.3 % 0.2 3.7 % 13' S.7 % 2.1- 4.' % 1.1' 3.0 % 1.0 OA %0.1ii 0.2:1 0.1 0.9 % 0.3. 2A % 1.2' 1.6 % 0". 1.6 ;\ OA' OA:I 0.1~Ad 03 % 0.1 0.7%0.3 0,8 :I 0.4. 0.6 :I 0.3 0.4 % 0.2 03:10.1
1Dii 0.2%0.1 1.3:10,7. 2.. % 1,0' U % 0.3. lA % OA. 004 :10.1~ 3.2 :I 0.8 '.3 :I J. 7,7 ~ lA' ,,, :I 1.0 '.0:109 4.2:10.9
Vri Ac :0 :I 30 26 :I 32 'lt9 ~ " :0 :I 32 i4 :l 30 26 :I 34

''¡,w1D diioli pn.c v.i.
20

TABlB vm
70 mng. No piint in \he adnoslne grop reahd
vasoaror IJeatnent. Af CP 1b paeDl in the adenos-
ine grup bad sUgJy lower MAP, bui at th end of
op1iOD \here was no iiagup die:enci: The we23 prodU~nD du CP was 250 mJ in the adDo.silie grp
and 50 m1 in 1b contls (¡.Ol, Tale VI. Thsic:t
elevalon of sci C'caiie level (10-20% above no
iaiie) was found iD two paci\s in the adosine grou aDd
one coii pant du two potoe days. Th30 potive bloo loss di not dUcr bcee \he grups.
AD paents wer extbated with 24 hours ii Ihe

opon and aU recover nooy. Ther wc: po clica
signs of neulogc roJicatiais and aU \he patients wer

" dibaci from the hospita. .

EX VI

Plaki c-
'l of A.. Co

TIl of CD CDD .l-u 100 100..CPB 9' '.
Dw CI (D 100 mi)10 Dl 80 9620 Dl 7' lI40 Dl 6S 8S(f II 80 9180 ii 78 100io.ui TT '.
l' CI, li am iD Dr CP30 mi 70 8824 i- Ci (f ADDmON OF ADENOS TO

CAIOPLIA SOLUßON
04

As shaw in 1àle VI pWe1c1 col was si iu t1e Caoplegi Is inducci dug op hear surci in
two grps bdcn lllhC$ uid was unii by anthc- ar to aml th hea and to rece myocal oxgen
sia II thOf. 1i the COltrl grp th ¡ict count consumtin dug caopna byps. TIs is at
fell riy ui Ìlkiy du¡ li fit 40 routes of CP prcsent.gencny obci by Icecoled sollitioa contag
aid re iipUy rece dug uid af CP. 4j hIgb coiiatoD of potassium (20 nioV1cr. fou tis
Dog iiiic: lasioa the ii plate re~OD was the aæm se level) that is inse iato th copar
sm. an was sLc:t oi at 20 aa 40 nuu~ on vC3c1. It is wel known th hi coiiiions of pos-
O'. FlO 60 JDlJes to the eOO of O' aid at 30 miut slu dledc: iuduce llstolc, bu alo cause dae on
af CP 1h p1at counls wer iit rigill dierat vasll eidotmn. The lat may lea to peent
fr thos bcOR aistes Thououl CP an 30 :l stnos of caoii vcssels.
miul af O' ih was signcat iiip dl- .Th f~golg da has clealy demoii in bum
eaee in pbt conts. On the diy li opetion the pitients that adene ia effecve as cor vasltr

plet cob wa- mi mi in bo grps, with and ~esCles citlg plaet. Adenosle is al know
DO siiicat iiup d.erii. to be incc into hi c:ii pbarea (AT) in

A3 shll in Table vn the aial and venOlS adenose jS varOlS tisues. In adon, ii is well known since the ealy
levels wc: in the ii range of 0.3 JI pr(r to CP. The work of Dr aa SZPt Gyex (J. P1ysiol (Ldon)
aiiiDe insion ra the venou plll conccntnoD 68:213 (192)) \har li concentrtion of adenosine ca
to 2-10 pM, whi the aial levels were apxitely prodce hear block.
~blci ~n8 )b ~ O' pe Ony \he Ji a~os- Thse fou efec of adenosine ar aJ use duiig the
lAe ixiabO, moslD, was consistenty el~ated dug the 60 inducton of caoplegia in bum paenlS. Fast \he
insLou. va:i etfc: ca conlcct Ihe vasoDstctr efec

AD plllJDs bad n:1u to contl levels wilh 20 of poalum Ild theby reduce the tie rcquici for
miutes af O'. admslnoD of clldiopcga soluton. 1bs wi glvo a
The mean ai bloo J:cssure (MP) did no( dier more rapid colig IlDd\hcreby more rapid asystoU.

sigicatly beeen the two gr dui CPB. In lhe 6j Secndly, lhe inbito efect of iidenosi OD platelet
placbo grou. howevc:. seven patents reui sodum actation can prveai platelet aggatoD iø the coonar
nitropsside infsion (-d Iig1) 10 ke MAP below cicuaton dug th coolig phase. Th, udnoløe can
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EXLE vi
DECO ACU PULONARY

VASCU REISANæ

. 18
COiilitrOD of the adiiosie li ti iision soluiOD is II

leat abt ~ mil (1.5 ms) and niy be as hi 8$ the

solubilty lit of adnose (iiut 20 nil or ~.5
mWml). How~cr, in si cldi, ti cocatron of
adnose in soluton may be as low as 0.1 mgml

Preferably, to effecate the mam pulmoii
bypeDslve efec the adosme soltiOl is admte by
infsion 1Ioigb a cltct to ni lbe c:poun of the

puDii vastu to iiosiDe. Th Is doDe by iis-
10 ing the adcuoslve soluton iito . ceDin vel such as the

supcor ven cava, a altmatiely, fito th right atum As
the adenos solutoD 1& iised the puni vascu
resistace is l1DÏtod to iJll the cfeç of tbei adenos-

ine. InoD of adnose is micd unti piinii
IS vascular rcslaco reD$ to DOmi leveb or uDli Ibere is

no fmcr mdcncc of deing puona vii resis-
tae. Adenosie iioD may. of CO, be ooDtinucd for

pcod of ti wi practcalilS in pacully dicult
case of hicr-tban-nomi pulonar vascu iesistce

20 Using th selecyc paonai efec of adenose. low

iDsion ralU may be used for t1 treatment of acut
postoperative puloDar byptenslon thii ocs In
patients af hea tranla smg or in oter Als.

17
see as II subs and be liooate into myocdl AT
clng Ib condition, when lbe bea is bcag wiout
oota adte oxygeD su. Fial, lbe wcllan
A-V b10 ef of hi CODceiioDS of adeDosb CUD
be uKd for tbe inductoD Qf asstli. 'Tc: the pçslum 5

conccntrtion of the caclegi 501utOD ca be ieccd to
a kvel tbt do not dae th vaslar Cldoeliur

These foi efec of adellsile can al be ac1cvi: with
a caoplegia soluton cODtaing 0.5-1.5 ii of
adiie, adm into the caonii i:aton du:g
the InduOD of caoplegi Ofy, when adDoslne is
adsted for tbs puse though th aoc ro. lbe
caoplegi SOJuOl wi be adcr at th ra of 50
to 150 mlJml OVt a pcrod of abo 10 to abot 20
miutes.

Inaeed puooar ~sistce. c'¡., punar hyp-
teDsÎOD may clca nics as II seven ditice of
myocdi fuctoD of the righ veiie, a myocdi
insuccncy, aDd an im whole bo oxygenation.
liaesed pulnar resiscc may be chiie or acu, ie., 2-
oc as a conscllna: of suer, or poon dieae.
'Te prent inVciD is alo dl to decasing or DECRING PULONARY VASCU
nomg aCte puaa vascu reste and pu_ REANCB IN CONJCJ0N WJmon hypiioD. . lDIOPATIDC RBORY DIS
l'ogici ~nt of increaed puloni vas 30 SYNROME

cu resimuce or acu pulonar hypnsion bas Adosine iilon as decred fi r:ple vm may
focsed on usg tradona vasodg agent. These alo be use to Dom puna vascu resstce
agents have beeD shown to have lite efects on puo- pulonar hyplIion) fi cldrn with idiopac rcs-
na hypslon. The vasodatOl aDd bypensie effcW 3' rato ditrss syi;oni (lS).of tJse agents ar ¡r systec, not loc il lhe Sucl trt may be .pe~ by Insi tbe low
puODar vascate. doses of iiDosile as decr il examle VD fito !be
TI endoCDous vasor adenosine. ID oontr to pate;nt's puonar vasaitoe, c.g. vi caete Iice

these trditiooal age;iis. has bc shown to be most c:e in the puar ar for a peod siclcnt to Iowa'
as a dIto of bloo vesse in th a-an in an moels 40 pulona vasular rei;stacc. The cathefc's position
as well as in humll. In aii iid clica stdies, systcc sbould be di to fue ducts aross, Th way, adeiioslne
vasoor dose of adiiosine have had neglgible or at doc not cite Ui systemic cioD. Pifeibly. pio-

mo mior e1ec on nor puloll vascuar n:e. ii vaci ~sistce shoiid be lower to wi nam
Swpg1y, howcver, in an mols (pg) where pu- raes Thus, adnosie insion shou be mataned fa B
monar hypn5Íou has bccD Induced by hyc veDta- 45 peod sucient to Dom pul vascul rcs-
lion dng anesthes intrvenous adeosie adon lace. 'I ca be doDe by nwnig pulona vø
unex prces a ni iectoD in t1 blgber- rescc dug thc iDsloD pro, an mata
th-nor puODar vasc n:sJstcc. Even JIC sur- iiisJon UDtI pubnna vasc rcs level fal to
)Xsig Is lbe fact tht Ib dee in punm vascu DOmW In dicu cac:, adcnošc lDsion ma be mi
iest ocam at a dosage of adenosie lowe th !bat 50 tsed for penod of ti with inca1i.
whch c:lbi systemc vaodto efs. Th efec Isob at doss of adcos;nc th coion do not reul BX X
li detctle vasoat e1f or efecs on cadi OUIp
a arer oxygeu function. . A MBOD OF DIAGNOSIG THE

It is bcved il adeosinc ca exer Its viiry 5S OPERIL OF TH PULONARY
hypnsive dfec in the puna cicton wilhom VASCUV IN PlJ EXrrG
fiducig systc VastiÖD beause of Its exmely PULONARY HYEKION IN
iipid elalon in the blood strea (11/2 less thn 10 CONJUCTON WIH CAIAC SEPsecnds). Thus. a dose tltrdon of adenosine ca be DBF
pcor p-oducing efcts in tbe pcoii vasc 60 In chdrD with myocdl sep defec (Vum
withut p-odclg systcmc cffs at lea in par beuse Oranci Cois, VOC, who iW ext pulna
the adnosie Is clnate beore it n:ches the resisce hypnson, adnoslneinoDplovidc a means bywbchvessel of the J)siec "Vasulai. the vae of surcay ieiig sep deec Cl be
The cx sule. iisioD me of adcnosie in detc:cd. AdcDosie Inced redctoD of puDar

hi to nooe; pulna vllul resistce Is tyl- 6S vascutu resisce l1y be a rad an sblled te-
ca 10-0 microg pe kiogram of bo weight nlque for the cvuat0n of the useflness of smgca repai
(0.010-.030 mg. pe kg. per miute). As a general rue, the; of sep deect. 'T teirqne is a welc dignostc

HX IX
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to slC1 paDts with Kp ddecls hamg sever mOl- In or to lessci or prVeDt ib Degative e1 ofPrCA
¡lol~ da of tJ pWai vacutu tause by . descrbed above, vasodlatiD8 substances such as
puii Iil\ion woud Dil ii be ~I\ive Ditrcee, so nItropsslde, aid the li ii wel as
to adellÎle vasodtion. Ths coDdtioa is not iuved by plet ii'biti subsces and substCC p-veDtig
swca ia of tb VOC. 5 bloo coaguaton such as acciisacyUc ii, didal,
The inodlos compcs insig an adeoslii solu- hepa, coim and wadar have beD iisted to

tion (iiion rae of 0.01O-.030 mg. pe Ji. pe miut the paeDtbefm: aDd aferthe ¡xoce. However, al thes

wi a conccntioD of abot 1..5 m¡Jii to abo .5...0 substace have aetioDS tht ar either too poent to be sae
m¡.) ioto 1I bloo str of a paeDt to mi the iD cojuncton wi the PTCA procwe. since bleed.g
e;ii of the patieDt' s pi vas~ to adenDS 10 compUctlos fr tle caete puoct site may oo. or
inc. Ths ca be. done by iisin¡ a soJuuon of adn05ine to wea or unprcte to be fuy e1ccve.
mto a cent velD. for c:amc, the supcor vei cava, oc AdcDOsi mi be us i:edvely iD CODjuiiOD witl
altcvely. iDIo the right atrum. The bloo presSUI in lIo Pl beause it posseses a uDique comliion of be-
Jun¡ ar lstben mtad befor iid afer adstoD efda prpaes which al work 10 lUoii tb comp
of the adiiii as pa th prviouly dcaid tcclique in IS tatig reiioas debe abe. n has a poleDt vaor
e;iies i and VI (Clii in1ice il the ii). A elfeç on Ibe coDar cicutiOD whic1 eDable goo blood
~ of aiei bloo prssur is incative of a reuc- tlow Uigh Ibe treate vess, whi in ti prvets
tI of the puiu vii reistace and ths, in tu, is plateet deposition on the trumati vessel rite. In
an iDdioA thiit lbe puna vascate wi respond to IiddtIOD, adeDosine iions lbe actoD of locy pr
suca rep of th voc. On lbe oth hand, if then is DO 20 duce vanstor substace. Adnorie wo bas an
deas iD ai prssu, then di wou be iDdicae of fnbitig efect on plaet aggaton, wluch fier in-

mcologl dage of the ty that would not be its lbe cbc:s of clot foron in th trea vessel. ThcSiived by suer. efec ar fuer eiice by tl ab ofailosiDe to
Ai a1te to meog II dca-ease in me iiõ5 inhibitpryoapc Deu ~cb regulti the re1el$C.

prcssUJ is to mesii hc.iiute volume. In this 25 of caolaes from nave eiigs of lbe syetc
tcue. die be miute volun is DIum (sa DciOUS syst whim, iiis wellknowll hacoDBeUenc:s
tcue as deCr aboe in Examle I) durg aiI- that II wor for clot fonalD.
istroD of aiJOU f07 a ti peod long CJougb to Th iilline dosage antiipte to be efccve iD th
obl: th pmsu oc flow clgc in hea volii AD contet Is tycay frm 10 to 100 J1a-ogsm of adn05iDe
iDace in bc JDute volum woud indi~e tb iJe 30 pe kiogn pe mlDut Since the PTCA pnice1J is

ciblty of the puoo valae bid Dot heD pcom in an awak p'tieit l!er does 'W geiiy
im aD th lIe ca se dcfcds cod be Dot be emloyed sIce such doiea prce sym such
CQ wit su. No cbaie would indicate the sep- liS facl tluslii, DCck and chst opessioll palpitiOD and
tu deec rod DOt be COec with 51er. iDcrease rate of respion in an awake patient which

EX XI 35 alOlgh Dot ba or Hfc-lenig, DODe1e1ess should. be Ilvoide beuse i1cy may iDdu amct.
ADENOS IN PECtTANUS Ad~oslii is ¡merably adsted into a pchaal

TRLUMAL CORONAR ANGIOPLASrY vein suåi as the feimi vc: or br vei PIc:bl,
A iiw method of treag Ç(ooar ai diseas in .¡ admtratoD is be shor, e.~., a few miule, beor

bii bcs i3 i:ec by !ig II speci cathet, Pl aDd contued for ii dutioD of the PTCA iid for

i; with IU infatble baooD, into a cona ar s~er hOU, e.g., 24 hour af Pl.
which ba IU aicay deOlstrbJe stenosi. The 'T adDosine trt may be given to paents Ulde-
¡: bawn as paIaC:s lransJumal corooar golg il PTCA trtmnt uidc cueot medcaoIl with
aDgiop (PCA), is Qec as folows: uidc rii.. 45 ot anti-agi drgs, suåi as iidrencrc bloc drgs,
logica coatl. th b&OOD of the. cathet is plce in Ihe ciinm aibgoDists, diiis, ditas glycoddes, iio-
stose pa of die vesse. The baoon Íl inate sec: teisiOD CODVeig ci iiòit, aiypidcc
1i, ca Um wi iDacin¡ prsurs, an fer a dur- drgs, nitre comund iDcludig iiogyce or oter
tiOD of 1 mlue Therea. die ca Is withwn from v iicn compds.
voDii cicutioø and the tlow thugh the so trea 50
vessel is chec by meaDS of ronar agogapby. The
rcsut wideJUg of th dise pu of th corona
vess lea to cr iD th inti ce layer c( i1e vessel.
'Is trll lea to ~vaton of biocemal ¡xocsses A reC1lit advaDcc in die trnt of aClte myocdial
leg to loc f'ctll ofsosiaes able 10 COiistct 55 inarOD is by ni of iitrodclg substces in lbe
the vessel, u wen as actvatg platelets, wbb are cl- bloodtream to disolve the clot(s) iD the coroiiar
lag li the bloo in suc a way tht thy m: mo easiy ciratloii, whch li most case ar the cause of th disesed

de on th si of th peOlS stnosis. Such II plelet stale. lbs p-, whim is geney reeied to as
deon li th fi intion of lIe codoa prs, COroDai dilysi (Cf), Is pcom by Iicig
whcb ultily ca lc to lbe foooD of a bloo clot 60 stepol, ure Q" tisue pJaogci acvator.
Al t1i: ~eDts act ii COOjUlctOD to COlte dic lDtcnded eier intrveDously a: dIecy iDto th cull cioii
c:c: of the PT tit, uid may ultlcy le to a Al of tho adviita¡ci D9lcd aboo for use of adDoslie iD
rc-ousioD of die vess. Dug th peod lhe PTCA PrCA ar alo aplicii0 to iJe Cf procs DOW in use,
p-occ ha beD in widcca use, nHlusioDB biive or which may be used in the futue, slicc the SaI vascuar
beD fOUd to oc wi 6 moDth of treatmDt in 25% oc 65 and plalcet rectoDs whch ocur with PrCA ii50 occu iD
ma oftbe uss. It is gcDo-y agee that .510% or mo Cf ODCC th lhomblysiJi ben acleved In die en
oc in the tit few d.s afer trateiit. context, however, it may be advaDtaous to adi the

EX :x
ADENOSIN IN CORONARY THOMBLYSIS
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adDOSÏe CODcol1 wi the thombytc agent, dlha undastoo lh tlese ar by way of iluston an th

seaty or premed with it in a fied 1i1ulÏOD, suc InveDtion Is Dot iisii lite tJo. Modcatioll
premed soJuOD be a fwa aspe of 1I iivetlon aDd ViilÏODS wn be apDt from the diosa aid may
Whn the two agents ar adm 5ete, it is be resort tQ withou dcg from th spJi of the
dcable but not esnti iJt the IDthtiOl of admlr :s invcntion as those of sI in the ar wlrea undctad.
t10n of each be sieos. Fa" exe, adsttiD r: Aciigly. such varous an modcaoll are coDsid-
the adnoslie may be intiated bca"e adstalÏOD of Uie ercd to be wi the piuew and scpe of the inveiion 8Ddtlómblytc agent the fonow cl

IN CIsI, as li thPI, atldonoslie ma!.:~ Pladta)t isd 10 Wht is cld is:
ii1rvenou y at e samc sage as W&U. i. A me of selctvely vasodtig the ars of a
recgn that, doe tQ th yay bref ba-lie of adenoine,
thc do Is deden on thc site of adtiiiD. Fa" hii patient wilhout indug sJcat vcnous ditiOD

cwe, a 3o-migr dos of adnosc pa kioJPpe DDd wiut prent with diyrdale cog
miUle givcn in tle right at of lbe hea provies ver contuously adstg lito the bloo stea of said
si effecs to a 50-mi doe of adnose pe i:s paent adDOSUe at a rate of adtrD of 0.35 ni-
liogr pa mile giVCD in a fOlar vel It is conceiv- gram of adc pe kiog boy weight pa miute. or
able tht in en prcds, Ideose may be giVCR less.
dlct li the cooi cllaoD. The dose then nede to 2. A mcod aCCdig to c1 i in wbcb adnose Is
acve the sæi efct as iJaibc wi livenous ad to 8D DDesiet patieDt undegolig surer.
adliatioii woWd then be cxpe to li in the iigc i: 20 3. A mel of selectcly vuodg the ares of a
5 to 30 incr of adcos pe kIog pe miut biu pateDt without inducúg signcat venous diatoD

DDd wiou pretnt wi diyrdaole, compgHX XI coiiUOlSly iiDiterg into the bloo sttea of said
patent by litiaveDOls adition abut 0.05 migr

ADENOSIN IN TH DIAGNOS OF ~ to abut 0.30 mlgn of adcDosiie pe liogr bo
CORONAR HE DlS BY weigt pe mlute.
RAIONUa.E SCIGRAHY 4. A meiccorg to dii 3 In wluài aclDosc is

In the dignois of COODai hea diease, mocai te- adned to an DDest paent undaoig suen.
nlques inclde viualoD of myoc qatioD bY:i 5. Ii a su mcth~ cacd out on a piint ~de
ins of injectg shar-Jived radio-isoto such as geii lIesthes the imOVCIDt compùi CODti-
lbum201 iito the bl-steam aD 1'd, b; mCl of ou ii Into the bloo st of said patieit
a gairadioD dcct the acty ova 1h hea adeose ii DD amnt sudent to seli:vcly vasodtemuscle' the areres of sad pslient without prc:atelit Wi. . . dIpydale, at a rae i: admoD of 0.35 mIgrIt ~as bcD shown that al UlJ:c0D ~f the va~ ~ of adeDosie pe kiogram bo weight pe miut, Il leSs.
didaole ca augDt the :ron of flow witl 6. In a nwod as cJed in cl 5. the inovCIntthe hci muscle li ~at ~ose ar Iiga by s~eD~ fua coiiing contiuously adistg into the
veels may be bça vi:siicd The mcchamsm bc Ib bloo st of said palient adeDoslne at a rail of frm 0 05
is tie so-caed "s~n pbenomeDon; wl a ~eDaD to abo 0.3 ingn of adeoslie pe kiog ct ~y
ni vaso-tion of th hea musce, reatvely mem 40 eit . ut .
bloo w! flow th the vcss~ D~ steDosed or con- w 7.Á :ietÐ: of 'aelecely VasÛDg the arais of a
stcld 1D any. ota wø:, tJby stcg" tbe flow from bmn patent without inducig signicat venous diaton
the area i:lied.tIugh a ~Dose vcssel . and without prDt with dile, compg

Dldaol IS aD adDOe up Iibltw, whch coDtUOsly adsterg into the bloo stea of sad
meas it prevents adeDosine from ccsslig the ceDI 4S pat adeDose at a late of adOIl of 0.01 to 0.15
mies of the re bloo ce frm ti pl¡ma to the ii i: IdeDooCl pe Idogr bo weigt pe
ÌDa" (the na, rapid ma paay fa" adDosie inute
elon from plma), thaey inaca8g the adoaÏ 8. A me for selccvc: vuodg the aies of liD
levcls in plama Most da CODccg the memi i: aDeslbcticd hwi patient w.ont lidud sigillt
iiOD of diyrdale's vaodat dfec in fact su 50 venous dion and wiou pre1t wi diyrdaole
the view that It Is solely du to aclnose VllodtiOD. compiig coDtiuOly admsteg Into. the bloo
In a fua aspe i: th IncDtion, adDosi ca be use stea i: said paent by litrveuous adistmtioD abo

lid of diyrle In the dJostc te dcai n 0.2 in to abut 0.35 JU of adeDosine per
woud iD fact be al advaDta to use adDosle insofa as it kiogam boy wcight pe mite.
ca be dosed exy and dootltrcd to II precie efec SS ,. A mcod for Indug a redce idoad in the
whe with diyrdaolc, lb adenose levels are DDpre- vasc ii of i bum wiout ieclg the proad
d1ctle. ThIl, a 58cr and moe rclble lest ca be ci DDd without p-ctiiDt wi diyrdale, the mi:
if adcnoslnc is used compsig contiuously admsterng into the bloo

The ex dose wi DIn have to be tiat individu sttea of sad patent adnoine at a rae of admtroD
al but shoud lie in the rage of 10 to 150 mlaogram pe 60 of 0.35 migram of adeDoslne pe kiog bo weightkiogr pe miut. per miute wIess '

'Is iiveDtion ba beD deaid in ta of spec
cmeDts sC: for In deta baein, bu it is to be . . . . ·

"
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(5.7) ABSCl
The parenteral us of adenosie, functional adenosine

receptor agonis which inch¡de l-methyl-2-phenyle-
thyladenosine, S~thyi carboxamide adenosine, cyclo-
pentyl adenosine. and 2-chloro adenosine; metabolic

precurors or by-products or adenosine which include

adenine and inosine; and phosphorylated deriviiiives of
adenosine including adenosine monophosphaic, adeno-
sine diphosphale Ild adenosíne triphosphate in con-

junction With various invasive and noninvasive diagnos-
tic techniques to deteclthe presence or ases the sever-
ity of vascular diseas is a novel application (indication)
for these compounds and rOm1 the basis or this plltent
application.
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2
functional signltcace of stenotic vesls. Allhough
nitrites, papavarine, and dipyridamole have be used
by some physicians ror this purpos, no vasodilator has
ben approved by the FDA for this specific Indication.
The us of adenosine, !.methyl-2-phenylethyJ.adena-

sine, S-ethyl carboxamide adenosie, cyclopentyl aden-
oSine 2-cbJoro adenose, adenine, inosine, adenosine
monopbosphate, adenosine diphospbate, or adenosineSeverl inviiive and noninviiive techniques are used triphosphate, in conjunction with the above stated tech-

to as .patlents with known or suspected coronary 10 Diques to JDCIurc coronary flow rCSe and as the
arery disea. Included among the noninvasive meth- functio!1al seerity or stenotic vesels represnts 

a novelodologies are elecrocrdiography, radionuclide angi- application (indication) of our compound.
ogrphy (first pllS and equiJbrium studies utilzing, for SUMMARY OF mE INVENTION
exple, tecbiiecium 99 m labeled red bloo cells),
myocrdial peusion scintigraphy (utiliing positron I' Briefly, the presnt inveiition compri a method or
cmittiig radiophanaceutlcas, for cxample, thalium. detecting the presce or asssng the sevCTty or vas-
201, rubidium-82, nitrogen-13), and echocdiography cular dise which iiicludes the administration to the
(M mode and two dimensional). The maifestations of human host of an effective. dilatig amount of adena-
coronar aner)" dise arc a function of the balance sine;' fuctional adenosine recptor agonists (e.g., ¡.
between myocardial oxygen supply and demand. AI. 20 meiJyl-2-pbenylethyladenosine. ~ethyl carboxaride

though these noninvasive procedures may be per- adenosine, cyclopentyl adenosine or 2-chloro adeno.
fonned In a resing subject, there may not be suffcient sine); metabolic precursors or byproducts of adenosine

imbalance between supply and demd to detect abnor- (e.g., adenne and inosine); and phosphorylated deriva-
iiliiies at resl. Therefore, provoctive studies are fre- tives of adenosine (e.g., adenosine monophosphate.
quently performed to improve the predictive accuracy 2' adenosine diphosphate, or adenosine triphosphate), in
of these diagnostic prO( Jures, The most commonly conjunction with invasive or noninvasive technique.s.
employed provocative (stres) technique utilizes a SIan- It is an object of this invention 10 provide a new

dard exercis protocol. Under conditions of exercise diagnostic method to aid in tpe detennnation of the

myocardial oxygen demand is iicrcaed to exceed sup- extent and severity of heart disease.
ply. This form of stres testing ~ commonly ~mplo~ed 30 Ii Is a further object or this invention to provide a
in conjunction with electrocardiography, radionuclide new radioimaging technique for the coronary arteries.
angiography, myocardial . perrusi0!l scinllgraphy, More parcularly, ii is one object or this invention to
echocardiography, and COntrast ventrculography. provide an improved method or radioimaging tbe cora-

Recently, provocati~e studies. have be!, develop.ed nary arteries.
utilizig pharmacological techniques dc:igned to in- 3' It is one significant object of 

this invention 10 providecrease myocardial oxygen supply. Specifically, coro. wash out tiines for the radiolabeled agents usd in

nar viiodialators (e,g. nitrates, papavarine, dipynda- slress-free cardiac imaging which are comparable 10 ihe

mole, etc.) have been use for this purpse,. altho~gh wiih out times presently attaInable only In stress or
none have been approved by t~e FI?A for this specific exercise radioimaging tesis.
indication. While ihe mechanism IS not clear. these 40 Thes and oiher objecis and advantages will be ap-
agents may dilale normal vessels to'a greater extenlthan parent from the more deiailed desripiion which (01-
diseased vessels, establishing a s~unl or ''ryocar~ial lows,
Sleal". Pharmacological provocation may be part ICU-
liily useful in patients who are unable 10 exercise, and DETAILED DESCRIPTION OF THE
may be equal to or superior to exercis provocation in 45 INVNTION
patients capable of exercising. Furthermore, since exer- Adenosine is c1emically desgnated as 9-ß-D.
cise increii demand and coronary vasodlators in- ribofuranosyl-9H'purine-6-amine; 6-amina-9-ß.D-
crease supply, it is possible that the hig~est di~gno~tic ribofuranosyl-9H'purie¡ 9-ß-D-nòofuran05idoadenine;
yield wil accrue when they arc used In conJunction. adenine riboside.
with one another. . '" 30 Adenosine is a n~cleoside widely distn"buted in na-

Coronary anenography IS an Invasive procedure ture. factured rrom yeat nucleic acid. II is practicaly
. which currently represents the "gold standar~" ror Insoluble in alcohol. Crystals form from waler, mp
confirming t~e diagnosis of corona!J artery dlsell:. 234.-235.. ra)IJ-61.. (c=0.706 in water; ra)9-58.2'
Howeve~, this proce~ure only esab!ishes the ~nalomi- (c.,6'8 in water). uv max: 260 nm (tI5,IOO).
ca seventy of the dlSelle and prOVIdes Utile inrorma. 5' The structural formula is lI follows:
tion concerning the runciiona significance of visible
lesons. Furthermore, small vessel dise may be pres-
ent and beyond the resolution of currently available
equipment. Recently, in an attempl to establish the func-
tional significance of coronary lesions, coronary vasodi. 60
lators have been administered by intracoronary injec.
tin or intravenous infusion and coronary blood now is

meaured by one of several techniques, such as doppler
flow caihelers, videodensitomelry, coronary sinus iher-
modilution, and radionuclide clearance or inerl gase. 6'

These techniques are becoming more widely used to
measure coronary flow reserve (i.e. resrve capacity)
which provides importnt infonnaiion concerning ihe

1
5,070,877
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This application Î$ a contlnuation-in-pa of applica.

tion Ser. No. 231,217 fied Aug. ll, 1988 now aban- ,
doned.

BACKGROUN OF mE INVNTON

NHi

N

OH OH

Exhibit B- Page 40 46

Case 2:08-cv-01083-JFW-VBK   Document 100    Filed 11/21/08   Page 46 of 50   Page ID
 #:1732



4
agig to detect the presence and/or asess the severity

or coroiu aner diseae in humans wherein myocardiÏiCloHliN,O. 267.4 perfusion imaging is perfored by anyone or several
Empirica Fonnula Moleclar Weight techniques including radiopharmaceutical myocadial

This invmtion utilized adenosine administrtion as a perfsion imaging, plana (conventional) scintigraphy,

pharacological stressor In conjunction with anyone single photon emision computed tomography
or several noninvasive diagnostic procures available. (SPECT), poitron emission tomography (PET), nu-
For eiiple, intravenous adenosine may be used in clear magnetic resnce (NMR)imagig, perfusion
conjunction with thallum-20J myocrdial perfusion conllt ec~ociidiography, digital subtraction angiog-
imaging to ases the severity or myocrdial ischemia. 10 rapby (DSA), or ultrafast x-ray computed tomogrphy
In this ca, anyone or severa different radiophara- (CINE CT.
ceutica may be substituted ror thallium-201 (e.g. The method comprising the us or an agent which is

rubidium-S2, technitium 99m, derivatives of technitium adenosne, fuctional adenosine receptor agonisll, met-
99 nitrogm-B, iodine J23, etc.). Similarly. adenosie 15 abolic precursors or by-proucts or adenosine, or phos-
may be admistered as a pharmacological stressor in phorylated dervatives or adenosine as a substitute ror
conjunction with ralonuclide angiography to asSCS exercise in conjunction with Imaging to detect the pres-
the seerity or myocardial dysrunctlon. In this cae. enee and/or as the severity or ischemic ventricular
radlonuclide angigrphlc studies may be first pass or dyst\nction in humans wherein ischemic veniricular
gated equilibum studies orthe right and/or lef ventri- 21J dysfnction is measured by anyone or several imaging
cle. SimilarJy, admosine may be administered as a phar- techniques Including ecocaiography. contrast ven-
macologica stresr in conjunction with echocardiog- triculography, or radiOlucl!de angii;grphy.
raphy to as the presence. of regional wall motion The metbod comprising the use or an agent wblch is

abnormalities. Similarly, adenosne may be administered adenosine, functional adenosine receptor agonists, met.
as a phaiacological strer in conjunction with inva- 25 abolic preursrs or by-products or adenosine, or phos.

sive measurements of coronary blood flow such as by phorylated derivatives of adenosine as a coronar hy-
intracardiac ca.theter to asss the. runctional signifi-peremic agenl in conjunction with means for measuring

canc~ or stenotic cor?niiry yesels. " coronary blood flow velocity to asses the vasilalory
Th inyenilo~ typically J!lvol~es ~he admmis~ration capacity (reserve capacity) of coronary anenes in hu-

or adenosine by intravenous int\sion in dose which are mans wherein coronary blood flow velocity is mea-
effectve to provide coron~y arery dilat!on (approxi- 30 sured by anyone or severa tecbniques including Dop.

!ßatel.y 20-2!l mcg-(g/min). ~owever. lis use in. t~e pIer flow catheter, digital subtraction angiography orinv~ive setiing may i.nvolve the intracoronary adminis- other raiopharaceutical imaging technique.
traiion. of the d~ug i.n ~olus ~osi: or 2-20 mcg. :me The rollowiiig Exples are to lIustale the ¡nven-
ad.enosine used In tbis Jßvenli.on is no~aJJy admi~ed tion, and are not intended to limit tJe invention.
wiib any pharmaceutically sunable carner or earners 35

sucb as saine, dextrose, water, or any other carner EXAMPLE I
customarily used for tbe type or administration in. As sei rooh in ihis eliampJe: the eflecis ofiniravenous
tended. The solution may contain tbe active ingredient adenosine as a pharacological stresor in conjunction

in a widely varing amount, ror example. from about) with thallum 201 scintigraphy were evaluated. In thelUg/ml to about 12 mg/ml. . 40
These dose increase coronar flow approximately first set or eiipenmenls, adenosine was compared to

4-S ties resting values. Unlike papavarine which in exercise in a crossover study design using planar (con-

ihis seiiing frequently causes QT imerval prolongation, veniional) thallum 201 scintigraphy in a population of
significani e1ectrocardiograpbic 01 sysiemic bcmody- 20 healtby noral volunteers. In the second set or stud-
namic abnormalities bave not been observed. Adenosine 45 ies, adenosine was compare to dipyridamole in a cross-
is a superor vasilator ror this purpse. over st,ud?, desgn using planar .(conventional). thallum

The practice or this invention is applicable to radio- 20 I scintigraphy Ina pouJat~on or ~6 subJ~cts (I2
phaaceuticals generally, and specifically to those ~ealthy volunteers and 14 patients. with angiogra~h.

mentioned hereinabove. ically documented coronary arery diseas). In the tbird
Contemplated as equivalents ofadeiosine in the prac- 50 ~i of eJpi:nmenls, adenos!n~ was evaluated using thaI-

tice or this invention are analogues,. derivatives, meta- hum 201 s~ngJe-photo~ emission c~mputed tomograpby
bolic precurrs or by-products or conjugates intended ~SPECT ina p?pulati~ of 3.3 palle~ts (18 nonnal sub-
to l\ction as agonists ortbe adenosine receplor respon- Jects and is patien,ts with angiographically documented

sible ror mediating vasdilation. This appears to be tbe coronary artery disease).
A2 reeptor subtype. Several anaogues or adenosine ~5 In the first set of experiments. 20 healthy normal
have been developed which appear to have greater volu~teers (age 19-39 years) underwent planar (con-
affniiy or speifcity ror tbe A2 receptor. Thes include ventional) stress/redisinbution thallum 201 scintigra-
primarily the N6 substituted derivatives and the 2-car- phy twice (in a random crossover design). One study
bon derivatives sucb as l.metbyl-2-pbenylelhyl-adeno- employed maitmum treadmil exercise (Bruce protocol)
sine, 5-ethyl carboxamde adenosine, cydopentyl aden- 60 as the method orstress and the other study employed an
osine, 2-cbloro adenosine. etc. intravenous infusion or adenosine as tbe métbod or

The rollowing methods are prererred embodiments of stress. Heart rate, bloo pressure and a 12-lead electro-
our inveniion. cadiogra were monitored throughoui the study. The

The method comprising the use of an agent whicb is exercise stress test was coiiducied in standard fashion.
adenosine. functional adenosine receptor agonists, mel. 65 The adenosine stress test employed a consiai infusion
aboJic precurson; or by-products of adenosine. or phos- of adenosine initiated at 20 mcg/kg/mln. The infusion
phorylated derivatives or adenosine as a sUbsiiiuie for was doubled at intervals to a maximum dose of 140
exercise in conjunction with myocardial peusion im- mcglkg/min. The maximum tolerable dose was admin-

3
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5
istered for at least ~ minutes prior to. a single bolus
biection ofthallum 201 (approxlmately 2.0mCi). Ealy
(stress) imaging was pcñormed s.10 minutes after the
thallium injecion and delayed (redistnòution) Imaging .
was .peñormed 3- hours after thallium injection. The ,
.denoslne infusion was continued to the end of çaly EXMPLE II
imagig. Early and delayed imging each consisted of 3 As set fort in this exaple, the effects of intravenous
sets or imåges (left iierior oblique, anterior and left adenosine as a pharcological stressor in conjunction
lateral projectons). The images were iicquired and with echocirdiography were evaluated.

reconstructed in standiird fashion. The adenosine infu- \0 Fifeen patients with a positive exercise (stress)

slon was well tolerated in all subjects. The exercse SPECT thallium 201 tomogr were selected for this
stres imiiges and the adenosine stres images were In- study. The tomognphic peñuslon defect was Iixed
ierpreted as nonnal (i.e., no peusion defect detected) (irreversible). in 6 subjects and reversible in 9 subjects.
in all subjects. This exprient indicites tbat adenosine' Subsequently, these patients underwent stadard 2.
compares favorably to exercise in detect ing normalcy U dimensional echocrdiographic siiidies under condi-
by planar .thalium 201 scintigraphy. DOns or res (baseline) and during an intravCJus infu-

In the seond se of experiments, 12 healthy nomi sion of adenosine as previously descbe (Example I,
volunteers and 14 patients with angiographicaly docu- 3rd set of experiments). Ecocdiogrphic studies
menled coronary anery diseas underwent plan (con- were peñomied over a i minute period prior to the
ventional) stres/redistribution thallum 201 scintigra- 20 adenosine Infusion (baseline), during maximum adeno-
phy twce (in a random crosover design). One study sine infuion (140 mcg/kg/min), and 3 minutes afier the
employed oral dipyridamole (300 mg) as the method of cesation of the adenosine infusion. All echocdio-

stres and the other study employed an intravenous grphic studies incliied paraernal views (long axis
infusion of adenosine as the method of stres. Dipyrida- and short axs at the level of the mitral valve, papilary

mole stress Imagig was peñonned in standlld fashion 2' muscles and apex) and apicil views (4-hamber, 2.
and adenosine stress imaging was peñormed lI de- chamber and apical long axis). All echocardiograhic
scbe above. Again, the adenosine infuion was well image$ were interreted by $tandard qualitative and
tolerated in al subjects. The sensitivity, specificity and quantitative techniques. The echocardiographic images
ovenil predictive iiurllY for detection of coronary obtained at rest were interreted as nonnal in all sub.
arery disease WII 88.8%. 87.5% and 88.0%, respec- 30 jects. However, left ventricular wall moiion abnormli-
tively, with adenosine imaging, and 77.7%, 82.6% and ties were detecied during adenosine (stress) studies in all
80.~%. respctively, with dipyridamole Imaging. The 6 patients with fixed thallum peñusion defects. Left
positive predictive value of adenosme and dipyridamole ventricular wall motion remained nonnal during the
imaging was 84.2% and 77.7% respectively. This study adenosine infuion in all patients with reversible thal-

indicites that adenosine imaging is safe and may be 35 lium peñusion defects. This study indicates that adeno-
supeor to dipyridamole imaging for ihe accurate de- sine may be a useful phannacological stressr for the
Ice iion of iigiographically significant coronary artery detection if ischemic ventricular dysfuncton as assessed

disease. by echoclIdiography.
In the third set of expermenis, i 5 patients with angie-

graphically documented coronary artery diseas and 18 40
subjects with eiiher angiographically normiil coronary
areries (n=8) or healthy normal volunteers (n- 10)
underwentihallum 201 myocardial peñusion imiiging
using single photon emission computed iomography
(SPECT. In all subjects, only an inrusion of adenosine 4'
was employed as a meihod of stress. The adenosine
infusion was initiated at 50 mcg/kg/min and titrated al
i minute intervals by increments of i5 mcg/g/min to a
maximum dose of 140 mcg/g/min. The maxmum
tolerable dose was maintained for at least I minute prior
to and 3 minutes subsequent to a single bolus injection
of thallium 201 (approximately 3.0 mCi). Early (stress)
imaging was peñonned 5-10 minutes post-ihallum and
delayed (redistribution) imaging was performed 3-4
hours posl-thallum. The SPECT images were acquired ~5
and reconstructed in stiindard fasion. Side effects oc-
curred in 76% of the subjects, bui were usually mild,
did not require therapy and ceasd instatly aner dis- .
continuing the adenosiene infusion. Chest pain occurred
in ~3'1, headache in 34% and cutaeous flushing in 60
i ~%. Dose-dependent decreases is systolic blood pres-
sure (hyptension) and reflex Increases In hea rate

were common. Peñusion defecis were detected during
adenosine stress imaging in all 15 piiiienlS with known
coronary artery disee and thes defecis were revers- 65

!ble in 9 (sensitiviiy = 100%). The adenosine stress im-
ages were interpreted as nonnal in i 6 of 18 presumed
healthy subjects (specificity = 89%). This study indi-

5,070,877
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cales that adenosine-induced coronary vasodilation is B
sae, convenient, and potent intervention to uncover
peusion defects during SPECT tllium scintigraphy
in patients with coronary arter disease.

EXAMPLE JJ
As set forth in this example, the effects of intravenous

and intracoronary adenosine as a pharmacological
stressor in conjunction with meaurements of coronary
blood flow resrve (CBFR) were evaluated at ihe iime
of coronary arterography using a Doppler flow cathe-
ter.

Ten patients with an angiographically nonnal left
corona artery were studied at the time of diagnostic
coronary areriography. A 3F Doppler catheler was

SO positioned in ihe left coronary ane!) to measure coro-
nary blood fIów velocity (CBFV), and mean arerial
presure, heart rate and ihe ECG were simultaneously
recorded. Following repeted meaures of baseline
CBFV, incremental doses of intracoronary piipaverne
(3-12 mg boluse), intra coronary adenosine (4-14 mcg
bolus) and "intravenous adenosine (70-140
mcg/g/min infusions) were administered in crossover
fashion. Elch drug was titrated to the maximum coro.
nary hypremic response. While ihe ECG Intervals
were unchanged during adenosine administration, pa-
paverne routinely prolonged the QT interal (meiin
96:tlS mse). Relative to pa~averine, maximum coro-
niiry hyperemic responses (4-~ fold increass in CBFV)
were achieved with 14 mcg iniracoronary bolus doses
of adenosine, as well as 140 mcglkg/min intravenous
infusions of adenosine. Compared to papaverine, maxi.
mal coronar hyperemia occurred sooner with adeno-

sine (10 vs 20 seconds) and resolved sooner with adeno-
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19. A meihod or detecting the presce and asesng 2-(hloro adenosine, adenine. inosine, adenosine mono-

the severity orcorOnaT artery dise In a human com. phoshate, adenosine diphosphate and adenosine tri-priing the step or: . phosphate.
(a) administering by an intracoronary route to said 30. Thé method or claim 17 or is, wherein said ven-

buman about 2 mcg to about 20 mcg of an adeno- , trcular function imaging technique 'is selected rrom the
sine receptor agonist suffcient to provide cornar grup consisting or echocardiography, connast ventric-
arery dilation; . ulograpby and radionuclide angiography:

(b) administering a radiopharmceutical agent into 31. The method or clai 27 wherein said adenosinesad human; and receptor agonist is adminstered by intrveno~s inrusion
(c) performing radiopharceutical myocardial per. 10 in a dosage or about 140 mcglg/mlnute.

fusion Imging on sad buman in order to detect the 31. The method of claim 27, Z8 or 31, wherein said
presence and asse the severity of coronary arery adenosine rector agonist is adenosine.
disciie. 33. TI method of clai 29 wherei said adenosine

20. The method or claim J7 or ILL, wherein said aden- receptor agonis is adenoine.
05ne rector agonist is selected .frm the ¡roup con- 15 34. The method of claim 30 wherein said ventricular

sistng of adenosine, J-methyJ-2-phenylethyl-adenosine, function img technique Is echocrdiography.
S-ehyl carboiulJ!lide-aden~ine, ~yc~opctyl adenosine, 35. A,method of determining the difference between

2-(hJoro adeiiine, ~eno~ne, inosine, adenosne ø,o- the corona bloo flow through disese rree coronary

n~phosphate, adenOSine diphosphate and adenOSine vesls and stenotic coronary vess in a human com-trhosphate. 20 prising the steps of~
21. The method of claim J7 or 19, wherei said radio- (a) adm'm'ist . . by .' t t 'd
h . i 'i d fi h' ermg an Ul ravenous route 0 sap armaceutica agent IS se ecte rom t e group consist- h aOO t 20 glg/' t t b 200
Ing or thaJium-201, technetium-99m, derivatives or uman. u . mc m!nu e 0 a out .
technetiwn-99m nitrogen-B, rubidium-82 iodine-123 mcSJg/minute ~f an adenosine recei:tor. agonist
and oxygen-IS. ' 25 sufcient!o provide coronary arerY,dllation;

22. The method of claim 17 or i~, wherein said radio- (b) perfomiing a. iiethod fo~ measunng coronary
phannaceutical myocardial perfusion imging is se- blood now vel~lty on said ~uman I~ order to
lected from the group consisting of scintigraphy, single ass the va50dllatory capacity or ~!seas free
photon emission. computed tomography (SPECl, poi- coronary vessels lI oppos to stenoti coronary
tron emission tomography (PET), nuclear magnetic 30 vesls. . .,
resonance (NMR) imaging. perfusion cont.rast echocar- 36. The me!h~ or c!a!m 35 wh~reln said ad.enos!ne
diography, digital subtraction angiography (DSA) and receptor agomst IS administerei: by ~travenous mfuSlon

ultrafast X-ray computed tomography (CINE CT). Iß a dosage of about 140 ~cslkglm~ute.
23. The method or claim 17, 19 or 18. wherein said 37. A method of determining the difference beween

adenosine receptor agonist is adenosine. 35 the corona bloo~ now through di~ rree corona
24. The method of claim 20 wherein said adenosine vesels and stenotic coronar vessels Iß a human com.

receptor agonist is adenosine. priing th~ s-ieps. of:. .
l5. The method of claim :n wJierein said radiophar- (a) administenng by an intracoronary route to said

maceutica agent is Ihallium-20J. human about 2 mcg to about 20 mcg of an adeno-
26. The method of claim 22 wherein said raiophar- 40 sine recc:t~r agonist suffcient to provide coronary

maceutical myocardial perfusion imging is scintigra- artery dilation; .

phy. . (b) perfonning a method for meauring coronary
27. A method or deiectlng the presce and iisessing blood now velocty on said human In order to

the severity of ventricular dysfunction causd by coro- asse~ the vasdilatory capacity (reserve capacity)
nar artery diseas, in a human, comprising the steps of: 45 of ~lScase free coronary vesels as oppod to ste-

(a) administering by an intravenous route to said notic coronary vessels,
human about 20 mcglg/minute to about 200 38. The method according to claim 35 or 37, wherein
mcglg/minute of an adenosine receptor agonist said adenosine receptor agonist is seected from the
sufcient to provide coronar artery dilation; group consisting of adenosne, l-methyl-2-phenylethyl.

(b) performing a ventricular function imaging tech- SO adenosine, S-ethyl carboxamide.adenosine, cyclopcntyl
nique on sad human; and adenosine, 2-cloro adenosine, adenine, inosine, adeno.

(c) deterining the prence and asssing the sever- sine monophosphate, adenosine diphosphate and adeno-ity or ventricular dysfuction. sine triphosphate.
. 28. A method of detecting the presce and iiseing 39. The method of claim 35 or 37, wherein sad

. thë seerity arventricular dysfunction caused by coro- 55 method for meauring coronar b~oo now velocty is
nar arer dise. in a human. comprising the steps of: seleced from the group of Doppler flow catheter, digi-

(a) administering by an intrav:enous route to said ta subtraction angiogrphy and radiophanceutical
human about 2 mcg to about 20 rocg of an adeno- Imgig techniques.
sine receptor agonist suffcient to provide coroary 40, The metod of claim 3.5, 37 or 36, wherein said
arery dilation; . 60 adenoslne receptor ago¡iist is adenosine.

(b) perfonning a ventricular function imaging tech. 41. The method of cJim 38 wherein said adenosne
nique on said human; and receptor agonist is adenosine.

(c) detennining the presece and assesing the sever- 42. The method of claim 3~ wherein said method for
ity or ventricular dysfunction. measurln¡ coronary blood flow velocity is doppler now

29. The method of claim 27 or 28, wherein sad iiden- 65 catheter.
asine recptor agoni!t is selected from the group con- 43. A method of detecting the presence and iisessing

slsting of iidenosine, l-methyl-2-phenylethyl-adenosine, the severity or coronary artery dise in a human com.
5-ethyl carbaxamide-iidenosine, cyclopentyl adenosine. pTising the steps of:
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(a) administering to said human by intravenous Inru- 46. A method or detecting the presnce and assesing

sion about 20 mcglg/minute to about 200 the severity or coronary arery disea in a humiin com-
mcglkglminute of adenosine in order to provide prising the steps or:
coronary artery dilation; (a) administerig to S&d buman by IntracoronaryS bolus Injection about 2 mcg to about 20 mcg or

(b) administerng thalJum-201 to said human; and adenosine in order to provide coronary artery dilii-
(c) penomiing the scintigraphy on sad human in tlon;

order to detect the presnce an assss the severity (b) administering thallium-201 to said hUman; and

or coronar artery diseas. . (e) pconuing sctigraphy on sad human in order to
44. A method or detecting tbe presence and assing 10 detect the presnce: and assess the severity or core-

the severity of ventricular dysfunction In a human com. nay arery diseae.
prising the steps or: 47. A method of detecting the presence and asseing

(a) administering to said human by Intravenous infv- th~ ~everity orventricular dysfunction In a human com.
. bo 20 g/ I . . b 200 pnsing the steps or:sion a u! mc g ~m?te to a out . l' (a) adstcrg to sad human by intracoronary

mcg/glminute or a?eDosine In order to provide bolus injection about 2 ing to about 20 mcg of
coronar arery dilation; adenosine in order 10 provide coronary arery dila-

(b) penorming an echocrdiography on sad human; tion: .
and (b) penormlng an ecbocardiognphy on sad human;

(c) determning ihe presence and assessing the sever- 20 and
ity or ventricular dysfunction. (c~ detemiinint the presnce .and asseing ihe sever.

45. A method or deiermining ihe difference betwee it) of ventncular dysru~cnon. .

corona blood now through disease free coronary 48. A method of determlmng Ih.e difference betweenry. . coronary blood now through disease free coronary
v~els and stenotic coronary vesels In a human com- 2S vesels aDd stenotic coronary vessels in a human com-

pnsing the steps -of: . prising the step of: .
(a) administering 10 said huinn by intracoronar (a) administering to said human by intravenous Infu-

bolus. injection about 2 mcg to about 20 mcg of sion about 20 mcglg/minuie to about 200
adenosine, in order to provide coronary artery mcg/g/minute or adenosine, in order to provide
dilation' 30 coronar arer dilation;

(b) meauring the difference between coronary blood (b) measuring tbe d!fference between coronary bloo
now through disease-free coronary vesels and now !hrough disease-free. coronary vessell and
stenotic coronary vessels in .said human using a sDteno otllC cOnroownarYtheVesl .m sa 

did hutman u5lngth8. pp er ca er in or er 0 assess edoppl:r now cat~eter In order !o ass~ the 3S vasodilatory capacity (reserve capacity) of disease-
vasodilatory capaclt)' (reserve capacity) of diseas- free coronary. vessels as opposed to stenotic coro-

. free coronary vesels as opposed 10 stenotic coro- nary vessels.nary vessels. · · · · ·
40
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