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NUVIEW RADIOPHARMACEUTICALS,
INC., PAUL J. CROWE, AND KEITH
RUSTVOLD

Counter Claimants,

V.

ASTELLAS US LLC, ASTELLAS
PHARMA US, INC., ITEM
DEVELOPMENT AB, AND KING
PHARMACEUTICALS RESEARCH
AND DEVELOPMENT, INC.

Counter Defendants,
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V.

ANAZAOHEALTH CORPORATION

Cross Defendant.

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

“Astellas”), Ttem Development AB (“Item”), and King Pharmaceuticals Research and
Development; Inc. (“King”), for their complaint against Defendants NuView
Radiopharmaceuticals, Inc, (“NuView”), Paul J. Crowe, and Keith Rustvold
(collectively “the NuView defendants”) and MTS Health Supplies, Inc. (“*MTS”), Nabil
Saba, and Ghassan Salaymeh (collectively “the MTS defendants”), allege as follows:

SUMMARY AND NATURE OF THE ACTION
1. This is an action under the patent laws of the United States, 35 U.S.C. §§ 1

et seq. for infn'ngement by Defendants of patent rights exclusively licensed to Astellas,

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 Adenoscan® (hereinafter “Aderioscan”), 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 NuView defendants embarked on an illegal
scheme to market an unbranded copy of Adenosc;an that contains the same active
pharmaceutical ingredient, adenosine, but has never been approved by the U.S. Food
and Drug Administration (FDA) for any pﬁrpose. In violation of the California
Pharmacy Law, NuView advertised the services of AnazaoHealth Corporation
(“Anazéo”) to fill prescriptions for its unapproved adenosine and supply it within
California. Anazao and the NuView defendants purported to sell and solicit
prescriptions for their unapproved product for use not as a diagnostic, but for alleged
treatment of “reperfusion 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 accebted 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
were directed.

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

|{the unapproved product was merely a ruse intended to deflect attention from the

NuView defendants’ willful patent infringement resulting from the offers to sell and
sales of that product as a substitute for Adenoscan in MPL, On information and belief,
the NuView defendants perpetuated this ruse by providing false and misleading
information on their website, in their marketing materials, and even on the label and
information accompanying the unapproved product to suggest that it was for use in
reperfusion injury when, in fact, it was knowingly marketed and distributed for use in

MPI. The NuView defendants specifically targeted for sales and furnished their
3 6
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product to clinics that perfbrm the diagnostic MPI procedure but would never treat.
reperfusion injury. The NuView sales representatives actiVely encouraged the use of
the unapproved product for MPI in a manner that constituted infringement of plaintiffs’
patent rights and contradicted the product information provided by Anazao and
NuView.

4, Also on information and belief, Anazao and NuView priced their product,
as befits its status as an unapproved copy, at a substantial discount compared to
authentic Adenoscan. However, the cost savings were not passed along to patients and
patients were unaware that they were receiving an unapproved drug rather than
authentic Adenoscan.

5. The NuView defendants have also marketed, sold, and distributed
adenosine products suppliéd by the MTS defendants for use in MPI procedures.

6. The MTS defendants have also independently marketed, sold, and
distributed adenosine products for use in MPI procedures.

7. The Nuview defendants’ and the MTS defendants’ conduct constitutes
willful patent infringement, intentional interference with prospective economic
advantage, and unfair competition that has caused and will continue to injure and cause

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

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

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

Ilinois 60015-2548.

9. Plaintiff Astellas Pharma US, Inc. is a Delaware corporation having an
office and principal place of business at Three Parkway North, Deerfield, Illinois
60015-2548.

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

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 principal
place of business at 4000 CentreGreen Way, Suite 300, Cary, North Carolina 27513,

12. On information and belief, Anazao is a Florida corporation having a
principal place of business at 5710 Hoover Boulevard, Tampa, Florida 33634-5339.

13.  Defendant NuView Radiopharmaceuticals is an entity having a website
(www.nuviewinfo.com) that indicates a principal place of business at 1107 Snowberry
Street, Park City, Utah 84098. Howevér, according to the website for the Secretary of
State of Utah, NuView Radiopharmaceuticals is not a licensed business in Utah.

14. On information and belief, 1107 Snowbemy Street, Park City, Utah 84098
is a residence within a gated community which is zoned for residential use.

15. On information and belief, defendant Paul J. Crowe is the founder,
chairman, and chief execuﬁve officer of NuView Radiopharmaceuticals and a resident
of California. '

16.  On information and belief, defen_dant Keith Rustvold is the National Sales
Coordinator for NuView Radiopharmaceuticals and a resident of California.

17.  According to records of the Secretary of State for the State of Delaware,
NuView Radiopharmaceuticals is or was at one time a Delaware corporation.

18.  On information and belief, Defendant MTS is a California corporation
having a website (www.mtshs.com) that indicates a principal place of business at 1390
W. 6" St. Suite 122, Corona, CA 92882,

19.  On information and belief, defendant Nabil Saba is chief financial officer
for MTS and a resident of California.

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

executive officer of MTS and a resident of California.

JURISDICTION AND VENUE

21.  This is an action for pecuniary and injunctive relief for patent infringement

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

5 8
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unfair competition arising under the California Business and Professions Code § 17200
et seq. and § 4381, and for interference with prospective economic advantage under the
common law of the State of California.

22.  This Court has jurisdiction over the subject matter of the patent claim as
provided in 28 U.S.C. § 1338. This Court has supplemental jurisdiction over the state
law claims under 28 U.S.C. § 1367. |

23.  Personal jurisdiction by this Court over the NuView defendants is proper
because the NuView defendants have in the past and continue to transact and/or solicit
business throughout the United States, including in this district, and their infringing
activities have occurred and continue to occur throughout the United States and in this
district.

24.  According to NuView’s website, NuView maintains a sales force in
California for the purpose of serving customers in the state and in this district.

| 25. Of the states represented on the NuView website, NuView devotes more’
sales representatives to California than any other state.

26.  The NuView website indicates that at least three sales representatives are
assigned to territories within the Central District of California,

27.  On information and belief, defendants NuView and Keith Rustvold have
contacted physicians by telephone and in persbn within the Central District of
California and offered to sell and/or sold NuView’s products,

28.  Personal jurisdiction by this Court over the MTS defendants IS proper
because the MTS defendants have in the past and continue to transact and/or solicit
business throughout the United States, including in this district, and their infringing
activities have occurred and continue to occur throughout the United States and in this
district.

29.  Venue properly lies in this district under the provisions of 28 U.S.C.

§8§ 1391 and 1400 because NuView and MTS reside in the district for venue purposes,

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

reside in the same state.

MYOCARDIAL PERFUSION IMAGING AND
ASTELLAS’S ADENOSCAN PRODUCT
30. Myocardial perfusion i 1magmg (MPI) is a dlagnostlc technique for studymg "

the blood flow in the heart. It is often used in conjunction with a radiopharmaceutical
tracer, for example thallium-201 or technetium, to detect the presence or assess the
severity of coronary artery disease.

31.  Patients undergoing MPI typically exercise on a treadmill to increase blood
flow to the heart.

32.  Physicians compare images made after exercise “stress” td images made
while the heart is at rest to identify areas of inadequate blood flow and diagnose
whether a patient has coronary artery disease and how severe the disease may be.

33.  For patients who are unable to exercise on a treadmill, physicians can
perform a so-called “pharmacologic stress” procedure.

34.  Adenosine is a naturally occurring compound that can be used to cause
pharmacologic stress by vasodilation in conjunction with MPI.

35.  When used as a vasodilator for pharmacologic stress, adenosine is typically
administered by intravenous infusion at a dose of 140 micrograms/kg/min over a period
of minutes.

36.  Astellas markets Adenoscan, an adenosine-based product approved by the
Food and Drug Administration (“FDA”) for use as an adjunct to thallium-201
myocardi'al perfusion scintigraphy in patients unable to exercise adequately.

Adenoscan contains 3 mg/ml of adenosine and is sold in 20 ml or 30 ml vials.

37.  Sales of Astellas’s Adenoscan amount to more than $300 million per year

nationwide and in excess of $20 million annually in California.

7 10
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38.  While some Adenoscan customers are associated with hospitals, many .
purchasers of Adenoscan are free-standing out-patient clinics.

39.  These outpatient clinics provide specialized services to patients in the form
of diagnostic cardiac imaging. While they may be located near a hospital, outpatient
clinics do not provide the range of cardiac care services found in a hospital.

40.  In particular, outpatient clinics generally do not provide acute cardiac care
to patients suffering from a myocardial infarction (heart attack). To the contrary, if a
patient in an outpatient clinic suffers a myocardial infarction durihg a stress-imaging
procedure, that patient is usually quickly transferred to a hospital emergency room that
is better equipped to provide the full range of care requ1red for such life-threatening
situations. ‘

41. In outpatient clinics, Adenoscan is administered under the oversight of a
physician, typically a cardiologist. Nuclear medicine technologists may also be
involved in the actual administration and handling of Adenoscan and the assomated
radiopharmaceutical tracer agents used in connection with MPL

42,  Often, nuclear medicine technologists are the point of contact for sales of
Adenoscaén in that they are responsible for maintaining the supply of the drug in the
facility and ordering additional drug when supplies get low. The point of contact for
Adenoscan sales may also be an office manager who is not a nuclear medicine
technologist.

43.  Adenoscan can be purchased directly from Astellas or through distributors.
Astellas has a sales force that interacts directly with physicians and technologists in
hospitals and outpatient clinics, providing information about Adenoscan as well as
arranging for educational training programs offered by Astellas.

44.  Astellas has been marketing Adenoscan throughout the United States,
including California, since the mid-1990s.

45.  Only Astellas has received final FDA approval to market adenosine in the

form of Adenoscan for use in MPI.
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THE 296 PATENT
46. On March 24, 1998, the United States Patent and Trademark Office
(“PTO”) duly and legally issued United States Patent No. 5,731,296 (“the *296 patent™)
to Item for “SELECTIVE VASODILATION BY CONTINUOUS ADENOSINE |
INFUSION.” A copy of the "296 patent is attached hereto as Exhibit A.

47. Ttem is the assignee of the 296 patent by virtue of documents duly
recorded at the United States Patent and Trademark Office.

48.  Astellas is the exclusive licensee of certain rights in the *296 patent and
enjoys the right to bring suit under this patent. -

49.  The FDA-approved method of using Astellas’s Adenoscan product in MPI
is covered by one or more claims of the "296 patent and the *296 patent is listed in the
FDA’s publication, Approved Drug Products with Therapeutic Equivaience

Evaluations” (known as the “Orange Book”) in connection with Adenoscan.

THE ’877 PATENT
50.  On December 10, 1991, the United States Patent and Trademark Office
duly and legally issued United States Patent No. 5,070,877 (“the *877 patent”) to
Medco Research, Inc. (hereinafter “Medco”) for a NOVEL METHOD OF
MYOCARDIAL IMAGING. A copy of the ’877 patent is attached hereto as Exhibit B.

51.  Subsequently, the assets of Medco were acquired by King. King is the
assignee of the *877 patent by virtue of documents duly recorded at the United States
Patent and Trademark Office. o

52.  Astellas is the exclusive licensee, with right td bring suit, of certain rights
in the *877 patent.

53.  The FDA-approved method of using Astellas’s Adenoscan product in MPI
is covered by one or more claims of the 877 patent and the *877 patent is listed in the

FDA’s pubiication, Approved Drug Products with Therapeutic Equivalence Evaluations

(known as the “Orange Book™) in connection with Adenoscan.

9 12
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NUVIEW AND ANAZAQ’S ACTIVITIES IN CALIFORNIA

54.  NuView’s website describes NuView as “an emerging company focusing
on commercializing quality diagnostic imaging agents and targeted therapies for
diagnosing cancer and heart disease.”

55.  Among the products offered by NuView was a product described as
“Compourided Adenosine.” _

56.  NuView’s website claimed that “[a]denosine has been found to offer
beneficial outcomes to patients experiencing acute myocardial infarction (heart attack)”
and that “[i]n contrast to other pharmaceutical agents that have shown disappointing
effects in man, adenosine, a naturally occurring compound, has consistently resulted in
a marked reduction in heart damage and has also improved clinical outcomes in patients
treated early with heart attacks.”

57.  According to the NuView website, “[a]n intravenous infusion of adenosine
for 3 hours should be considered as adjunctive therapy in high-risk patients undergoing
reperfusion therapy.”

58.  The use of adenosine as a therapeutic in patients experiencing acute
myocardial infarction has not been approved by the FDA. _

59.  On information and belief, NuView has not sought to obtain such FDA
approval for the use of adenosine as a therapeutic for patients suffering from acute
myocardial infarction.

60. The NuView website also contained an “Infusion Protocol Chart”

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

Infarction” which involves intravenously pumping an undiluted'preparation of
NuView’s compounded adenosine into a patient “to achieve a dose of 70
[micrograms}/kg/min.”

61. A patient administered an adenosine infusion according to the “Infusion
Protocol Chart” would receive a total volume of between 210 and 588 milliliters of

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

10 13




Ca

O 0 N O U hH W N e

N [\ [\®)] N N - L paad — pemd — — - ot p— [

F

e 2:08-cv-01083-JFW-VBK Document 100 Filed 11/21/08 Page 11 of 50 Page ID
#:1697 :

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

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

{| Adenoscan in MPI procedures.

62. A document on the NuView Website titled “NuView Product Order Form”
offered “Compounded Adenosine 3 mg/ml” in configurations of 10 x 50 ml vials per
box or 20 x 25 ml vials per box for $1500, with a notation “Signature required, as
directed for cardiac reperfusion injury.”

63. The “Product Order ‘F orm” from the NuView website also included spaces
to provide a “Patient Name” associated with each order and stafes “Pres'cription filled
by AnazaoHealth Corporation™.” _

64.  According to a January 8, 2008 letter from counsel for Anazao to in-house
counsel for Astellas, NuView and Anazao entered into an agreement whereby NuView
marketed adenosine for Anazao. On information and belief, Anazao was aware of
NuView’s practices in marketing adenosine.

65.  Anazao had its own website, www.anazaohealth.com, on which it
advertised “Custom Pharmacy” services. |

66. The Anazao website described Anazao’s Custom Pharmacy Services as
follows: “AnazaoHealth creates customized medications and compounds

pharmaceuticals, dietary supplements and hormones for individual patients under

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

the special needs of your patients.”

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

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

injury.”

68.  Neither NuView nor Anazao’s product order form or website mentioned
the use of adenosine for myocardial perfusion imaging.

69. Although the use of adenosine for MPI was not mentioned on the NuView
website or on ifs order form, NuView, through its sales representatives, actively

11 14
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induced the use of adenosine prepared by Anazao-as a pharmacologic stress agent in
MP1I and Anazao provided its adenosine product for that use. On information and
belief, Anazao was aware of NuView’s actions inducing the use of its adenosine for
MPL

70.  More specifically, the NuView defendants’ sales representatives contacted
nuclear technologists at free-standing outpatient imaging clinics throughout the United
States, in California, and in this District that perform MPI procedures and offered
adenosine made by Anazao as a substitute for Astellas’s Adenoscan adenosine product
in MPI procedures.

71. On information and belief, NuView and its representatives were aware that
these clinics do not provide acute coronary care to patients suffering from myocardial
infarction and that consequently, such clinics would not use adenosine for treatment of
reperfusion injury as described on the NuView website and in NuView’s product
literature.

72. By way of example, Anazao has sent a customer invoice to California
Heart and Vascular Clinic in El Centro California for the purchase of adenosine, listing
NuView as the “salesperson” and describing the product as “Adenosine (Nuclear).”
MPT is considered a “nuclear” procedure. Treatment of reperfusion injury is not.

73.  Inaddition, the NuView defendants have encouraged customers to seek
Medicaid reimbursement for using NuView’s adenosine product in place of Adenoscan
for MPI. Specifically, on information and belief, in January 2008, NuView sales
representative, Sally Torney, wrote to a physician’s office concerning NuView’s
product as follows:

I'know you had a question about re-imbursement for the
NuView adenosine. I spoke with our national sales director

(Keith Rustvold) about getting an EOB for insurance purposes
and he told me that all you need to do is bill it the same way

that you would for the other adenosine. There should be no

12 15




O 0 NN L s W -

’ [\ N N It — — -~ — ot et — et p—

Ca;s 2:08-cv-01083-JFW-VBK Document 100 Filed 11/21/08 Page 13 of 50 Page ID

#:1699

questions or issues. Sometimes Medicaid will have a question
about it because of the difference in the vial sizes, but
adenosine is adenosine, and'the price is the driving factor.

74.  On information and belief the “other adenosine” referred to is Adenoscan,
which is sold and used only for MPI.

75. On infomation and belief, the NuView defendants are aware of Astellas’s
patént rights with respect to Adenoscan.

76.  Anazao has admitted in a letter written by its counsel to Astellas that
“Anazao is aware that Astellas Pharma US, Inc. ("Astellas") is either the owner or
exclusive licénsee of unexpired patents regarding Adenoscan® adenosine and bearing
numbers, U.S. Pat. 5,070,877 and 5,731,296, respectively.”

77.  On information and belief, NuView’s product configuration and references
to reperfusion injury on its website and in its ordering and information materials were
intendéd to conceal its active inducement of infringement of the *296 and ’877 patents.

78.  On information and belief, NuView representative Sally Torney
communicated to a physician’s office in early 2008 that “Our company (because of
patent restraints) can only make a 25 ML and 50 ML vial, but if you look at our prices,
they are still more than 50% less than the other adenosine.” |

79.  On information and belief, the adenosine product promoted and sold by
NuView and shipped by Anazao was specifically configured for use in MPI and both
NuView and Anazao were aware that the product would be used for MPI by the
customers at nuclear imaging clinics where the prdduct is shipped in violation of
Astellas’s patent rights.

80. NuView’s sales representatives have made sales contacts both in person
and by telephone at clinics that use Astellas’s Adenoscan product in MPI procedures.

81.  As part of these sales contacts, NuView’s sales representatives have
assured Astellas’s customers that NuView’s product is identical to Adenoscan, even
though the NuView/Anazao product is not approved by the F DA for use in MPI and

13 16
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neither the product nor the manufacturing facility has been subject to the same stringent
controls and regulations as Astellas’s Adenoscan.

82. Invface-to-face sales calls on nuclear technologists, NuView’s sales
representatives have also made direct price comparisons to Adenoscan, encouraging
Astellas’s customers to switch to adenosine made by Anazao based on its lower price
per milligram of solution.

83.  On information and belief, at the time of these sales calls, NuView was
aware that the customers were regularly purchasing Adenoscan from Astellas and |
would continue to do so absent NuView’s actions.

84.  Asaresult of NuView’s activities in California and this district,
physicians’ offices have ceased regular purchases of Adenoscan and have instead
purchased adenosine made by Anazao and used it in MPI procedures in violation of

Plaintiffs’ patent rights.

NUVIEW’S VIOLATIONS OF CALIFORNIA LAW
85.  Chapter 9, Sec. 4000.ef seq. of the California Business and Professions

Code contains the California Pharmacy Law.

86.  Adenosine is classified as a “dangerous drug” under CBPC § 4022.

87.  California Business and Professions Code § 4076 requires that a
“pharmacist shall not dispense any prescription except in a container that meets the
requirements of state and federal law and is correctly labeled” with various types of
information, including the directions for thé use of the drug and the name of the patient.

88.  California Business and Professions Code § 4077 states that, except under
certain specific circumstances, “no person shall dispense any dangerous drug upon
prescription except in a container correctly labeled with the information required by
Section 4076.”

89.  California Business and Professions Code § 4078 states that “[n]o person
shall place a false or misleading label on a prescription” and that “[n]o prescriber shall

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

90.  On information and belief, NuView and Anazao’s product was distributed
with a false or misleading label that indicated the drug was for use in “reperfusion
injury” rather than the intended use of MPI and NuView and Anazao distributed with
the product a “Medical Professional Information Sheet” that falsely and misleadingly
described dosing and information for use of adehosine in inhibiting “reperfusion injury”
rathgr than MPI, the use for which the product was sold and actually employed.

91.  On information and belief, NuView is not licensed as a pharmacy or a
pharmacy wholesaler in the State of California, in violation of at least California
Business and Professions Code § 4160.

92.  On further information and belief, the NuView defendants unlawfully
advertised the pharmacy services of Anazao in violation of California Business and
Professions Code § 4340,

| 93. NuView and Anazao’s use of false and misleading labeling information,
including its distribution of a false and misleading “Medical Profeésional Information
Sheet” also violated at least California Health and Safety Code §§ 111330, 111440,
111445, and 111450 which prohibit misbranding of drugs with fﬁlse or misleading
labeling and further prohibit sale and delivery of such misbranded drugs.

94.  Because NuView sold adenosine for use in MPI procedures and not for
reperfusion injury therapy as described on their websites and in their product literature,
the website statements and product literature constituted false advertising under at least
California Health and Safety Code §§ 110390, 1 10395, 110398, 110400.

95.  NuView’s website statements and product literature further constituted
false advertising under California Business and Professions Code § 17500.

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

prohibits any person from advertising any drug “represented to have any effect in . . .
[h]eart and vascular diseases” unless such advertisements are limited to medical

professionals or if the drug is approved for the particular curative or therapeutic effect
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advertised. NuView advertised the alleged effects of their adenosine product in
treatment of cardiac “reperfusion injury” through product literature and statements on

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

 NUVIEW’S FALSE AND MISLEADING COMPARISONS TO ADENOSCAN

97. NuView, through its representatives, has repeatedly compared its

adenosme product made by Anazao to Astellas’s Adenoscan product and assured
potentlal customers that the two products are interchangeable.

98.  The adenosine-based drug product advertised and sold by NﬁView and
Anazao was one that Anazao formulated itself under a practice known as “pharmacy
compounding” and constituted an unapprovéd drug.

99. By definition, pharmacy compounding “involves making a new drug
whose safety and efficacy have not been demonstrated with the kind of data that FDA
ordinarily would require in reviewing a new drug application.” Federal and State Role
in Pharmacy Compounding and Reconstitution: Exploring the Right Mix to Protect
Patients, Hearing Before the Comm. on Health Educ., Labor and Pensions, 108™ Cong.
39 (2004) (Statement of Steven K. Galson, M.D., M.Ph.; Acting Director, Center for
Drug Evaluation and Résearch, U.S. Food and Drug Administration, Department of
Health and Human Services) (hereinafter “Galson Statement”); see also FDA's
Compliance Policy Guide, Section 460.200 (June 22, 2002)
(http://www.fda.gov/ora/compliance_ref/cpg,/cpgdrg/cpg460-200.html). Nor has the
FDA determined that compounded drug products have been manufactured under
rigorous good manufacturing practice requirements.

100. The FDA frowns upon pharmacy compounding of commercially available
FDA drug products such as Astellas’s Adenoscan product. “[Clopying commercially- -
approved products in compounding pharmacies circumvents important public health
requirements and undermines the drug approval process--the evidence based system of

drug review that consumers and health professionals rely on for safe and effective
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drugs.” Galson Statement at 40.

101. NuView’s misleading marketing and promotion of Anazao’s adenosine
drug product resulted in deception and potential harm td patients, the ultimate
consumers of the product. Patients were unlikely to know that they were being
administered an unapproved copy rather than an authentic F DA-approved drug and any
cost savings associated with the lower priced NuView and Anazao product were
unlikely to be passed along to patients.

102. While substitution of “generic” drugs for a branded alternative is common
and is sanctioned under California Law, Anazao’s product was not a “generic” drug in
that it is not subject to the FDA approval process for generic drugs and had not been
manufactured in an FDA inspected and regulated facility for the manufacture of generic
drugs. To the extent that the NuView defendants referred to or sought to create the
impression that their unapproved adenosine producf was a “generic” equivalent of

Adenoscan, such actions were false and misleading,

NUVIEW AND MTS’S ACTIVITIES IN CALIFORNIA
103. MTS’s website describes MTS as “a medical-surgical healthcare product

distribution company.” |

104.  Among the products offered by MTS is a product described as
“Adenosine.”

105. The MTS adenosine product is approved by the FDA for the treatment of
paroxysmal supraventricular tachycardia (“PSVT”), which refers to a condition where
the heart experiences an abnormal conduction of electricity that causes the atrium, and
secondarily the ventricles, to beat very rapidly.

106. MTS’s adenosine product is not approved by the FDA as a pharmacologic
stress agent for use in conjunction with MPIL.. Therefore, pursuant to FDA regulations,
the label for MTS’s adenosine product does not identify MPI as an approved use and

does not provide any directions for using the product in MPI.

17 20
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107.  On information and belief, the Nuview defendants and the MTS defendants
are actively promoting and inducing the use of adenosme as a pharmacologic stress
agent in MP], i.e., for an “off-label” use not approved by the FDA.,

108. More specifically, the Nuview defendants and the MTS defendants have
contacted free-standing outpatient imaging clinics in this District and elsewhere that
perform MPI procedures and offered adenosine as a substitute for Astellas s Adenoscan
adenosine product in MPI procedures.

109. On information and belief, as a result of the Nuview defendants’ and the
MTS defendants’ activities, physicians in California and elsewhere have used or will
use adenosine sold by NuView or MTS as a substitute for Adenoscan in MPI.

110.  On information and belief, the Nuview defendants and the MTS defendants
are aware of Astellas’s patent rights with respect to Adenoscan and the use of adenosine
in MPI.

~ 111, On information and belief, the Nuview defendants and the MTS defendants
know or should have known that their actions have and will cause MTS’s adenosine
product to be used for MPI by the customers at nuclear imaging clinics where the

product is shipped in violation of Astellas’s patent rights.

COUNT1I
INDUCEMENT OF INFRINGEMENT OF U.S. PATENT NOS. 5,731,296
AND 5,070,877 BY THE NUVIEW DEFENDANTS AND THE MTS
DEFENDANTS

112, Paragraphs 1-111 are incorporated herein by reference.

113.  The use of continuous adenosine infusion for MPI infringes one or more
claims of the *296 patent and one or more claims of the *877 patent. Thus, on
information and belief, Defendants’ customers have directly infringed the "296 and ’877
patents by using adenosine purchased from Defendants in MPI.

114.  The NuView defendants and the MTS defendants have actively and
18 21
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14

knowingly aided and abetted the direct infringement of the 296 aﬁd "877 patents.

I15. Aware of Astellas’s patent rights, the NuView defendants and the MTS
defendants have actively and knowingly induced infringement of the 296 and ’877
patents by intentionally encouraging the use of, offering for sale, and selling adenosine
as a substitute for Adenoscan in. MPI.

116.  Even if customers were to use adenosine to treat cardiac reperfusion injury
by continuous infusion at 70 mcg/kg/min according to the methods set forth on the
websites of Anazao and NuView and in their product literature, such use would infringe
one or more claims of the 296 patent.

117. Through at least their website solicitations and corresponding product
literature, the NuView defendants thus actively and knowingly induced and encouraged
direct infringement of the *296 patent in violation of 35 U.S.C. § 271(b) even to the
| extent that NuView contends that any of their customers actually used their adenosine
product for treatment of cardiac reperfusion injury rather than MPI.

118. Asa consequence of these infringing activities by MTS and NuView,
Plaintiffs have been damaged in an amount not yet determined.

119.  Plaintiffs will continue to be damaged as a consequence of Defendants’

infringing activities unless those activities are preliminarily and permanently enjoined.

COUNT 11
CONTRIBUTORY INFRINGEMENT OF U.S. PATENT NOS. 5,731,296
AND 5,070,877 BY THE NUVIEW DEFENDANTS

120. Paragraphs 1-119 are incorporated herein by reference.

121. The activities of the NuView defendants in marketing adenosine

compounded by Anazao for use in MPI also constitute contributory infringement of one
or more claims of the *296 patent and one or more claims of the '877 patent under 35
U.S.C. § 271(c).

122. The NuView defendants have offered for sale and sold an adenosine

19 22
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product for use in practicing the patented methods claimed in the 296 and 877 patents, |
which use constitutes a material part of the clairﬁéd inventions, knowing that the
adenosine product is especially made or adapted for use in infringing the patents, and
that the adenosine product is not a staple article or commodity of commerce suitable for
substantial noninfringing use. On information and belief, NuView’s customers have
directly infringed the 296 and *877 patents by using adenosine purchased from
NuView in MPI. '

123.  On information and belief, there is no substantial use of NuView’s
unapproved adenosine product for reperfusion injury and certainly no such use by the
customers to whom defendants direct their adenosine sales efforts,

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

|| by continuous infusion at 70 mceg/kg/min according to the methods set forth on the

websites of Anazao and NuView and in their product literature, such use would infringe
one or more claims of the *296 patent.

125, Thus, even if NuView were to prove a substantial use of adenosine to treat
cardiac reperfusion injury, that use would still fall within the scope of one or more
claims of the *296 patent and would not constitute a substantial noninfringing use.

126. As a consequence of these infringing activities by the NuView defendants,
Plaintiffs have been damaged in an amount not yet determined.

127. Plaintiffs will continue to be damaged as a consequence of the NuView
defendants’ infringing activities unless those activities are preliminafily and

permanently enjoined.

| COUNT III |
WILLFUL PATENT INFRINGEMENT OF U.S. PATENT NOS. 5.731.296
AND 5,070,877 BY THE NUVIEW DEFENDANTS AND THE MTS
DEFENDANTS

128. Paragraphs 1-127 are incorporated herein by reference.
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129. In proceeding to make, offer, and séll their unauthorized compounded
version of Adenoscan, the NuView defendants have knowingly and recklessly
disregarded the *296 and *877 patents and Astellas’s exclusive rﬁarketing rights under
that patent.

130. In proceeding to make, offer, and sell adenosine for use in MPI, the
NuView defendants and the MTS defendants have knowingly and recklessly
disregarded the *296 and 877 patents and Astellas’s exclusive marketing rights under
that patent. -

131. Defendants’ activities constitute willful patent infringement warranting
imposition of treble damages under 35 U.S.C. § 284.

132. Defendants’ flagrant disregard of the 296 and *877 patents makes this an
exceptional case warranting imposition of attorney fees against MTS and NuView
under 35 U.S.C. § 285. |

COUNT 1V
INTENTIONAL INTERFERENCE WITH PROSPECTIVE ECONOMIC
ADYANTAGE BY THE NUVIEW DEFENDANTS AND THE MTS
DEFENDANTS |

133. Paragraphs 1-132 are incorpoi'ated herein by reference.

134. MTS and NuView had knowledge of the existing business relationships
between Astellas and Astellas’s customers that would likely have resulted in future
economic benefit to Astellas. Despite this knowledge, MTS and NuView intentionally
interfered with these relationships by proceeding to market, offer for sale, and sell to
Astellas’s customers adenosine for use in MPI according to business practices that are
prohibited by California Law.

135. MTS and NuView’s actions have caused actual disruption of Astellas’s
business relationships and resultant economic harm to Plaintiffs in an amount not yet
determined.
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136. Plaintiffs will continue to be damaged as a consequence of Defendants’

actions unless those actions are preliminarily and permanently enjoined.

COUNT YV .
UNFAIR COMPETITION BY THE NUVIEW DEF ENDANTS UNDER THE
CALIFORNIA BUSINESS AND PROFESSIONS CODE §17200, ET SEQ. AND
CALIFORNIA BUSINESS AND PROFESSIONS CODE § 4381

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

138. In marketing, offering for sale, and selling its unauthorized compounded
adenosine for continuous infusion for MPI to customers as described herein, NuView
engaged in unlawful, unfair or fraudulent business practices in violation of the Business
and Professions Code § 17200, et seq.

139.  As set forth in detail above, the NuView defendants’ unlawful conduct has
included numerous violations of California law, including violations of California
Pharmacy Law. |

140. Violations of California Pharmacy Law constitute unfair competition
pursuant to Business and Professions Code § 17200, et seq. and California Business and
Professions Code § 4381.

141. The NuView defendants’ conduct, even where not unlawful, offends public
policy as it has been established by statutes and the common law. As set forth above,
the NuView defendants’ scheme to develop and perpetuate an elaborate ruse concerning
the use of adenosine to treat cardiac reperfusion injury to deflect attention from the
unlawful and infringing acts of marketing and providing unapproved adenosine for use
in MPI is immoral, unethical, unscrupulous and substantially injurious to consumers as
well as to Plaintiffs,

142.  As a consequence of the NuView defendants actions, including their
violation of California Business and Professions Code § 4381, Plaintiffs have suffered
damages in an amount not yet determined.
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143.  Plaintiffs will continue to be injured as a consequence of Defendants’

actions unless those actions are preliminarily and permanently enjoined.

COUNT VI
' UNFAIR COMPETITION BY THE NUVIEW DEFENDANTS AND THE MTS
DEFENDANTS UNDER THE CALIFORNIA BUSINESS AND PROFESSIONS
~ CODE §17200, ET SEQ.

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

145.  In marketing, offering for sale, and selling an adenosine product labeled
for treatment of PSVT for continuous infusion in MPI to customers as described herein,
the NuView defendants and the MTS defendants have engaged in unlawful, unfair or
fraudulent business practices in violation of the Business and Professions Code §
17200, et seq.

146. Defendants’ off-label promotion and sale of adenosine labeled for
treatment of PSVT as a substitute for Adenoscan in MPI constitutes a violation of
California law including at least California Health and Safety Code § 111440, which
prohibits the sale, offer for sale or delivery of misbranded drugs, and § 111375, which
requires adequate directions for the use of ariy drug.

147, Defendants’ off-label sale of adenosine labeled for treatment of PSVT as a
substitute for Adenoscan in MPI is immoral, unethical, oppressive, unscrupulous,
and/or substantially injurious to consﬁmers, and further contravenes public policy as
established by statutes and common law.

148.  As a consequence of Defendants’ actions, Plaintiffs have suffered damages
in an amount not yet determined.

149, Defendants; actions constitute unfair competition pursuant to Business and
Professions Code § 17200, et seq.

150. Plaintiffs will continue to be injured as a consequence of Defendants’
actions unless those actions are preliminarily and permanently énjoined.
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REQUEST FOR RELIEF
WHEREFORE, Plaintiffs pray for judgment against Defendants as follows:

A.  that Defendants have actively induced infringement and/or committed acts
of contributory infringement with respect to one or more claims of the ’296 and ’877
patents;

B.  that Defendants, their officers, agents, attorneys, and employees, and those
acting in privity or concert with them or any of them, be preliminarily and permanently
enjoined from further acts of infringemént'

C.  that Plaintiffs have been 1rreparably harmed by Defendants’ mfrmgement
of the 296 and *877 patents;

D.  that Defendants’ infringement of the 296 and "877 patents was willful and
deliberate;

E.  that Defendants be ordered to account for and pay to Astellas, Item, and
King all damages caused to Astellas, Item and King by reason of infringement of the
’296 and "877 patents, including Astellas’s lost profits, and that such damages be
trebled by reason of the deliberate and willful infringement of the *296 and *877 patents
pursuant to 35 U.S.C. § 284;

F.  that Astellas, Item, and King be granted reasonable attorney fees pursuant
to 35 U.S.C. § 285;

G.  that Defendants have unfairly competed with Plaintiffs in violation of the
California Business and Professions Code § 17200; _

H.  that Defendants, their officers, agents, attorneys, and employees, and those
acting in privity or concert with them or any of them, be preliminarily and permanently
enjoined pursuant to California Business and Professions Code § 17203 from further

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

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

I. that the NuView defendants have violated California Business and

Professions Code § 4381;
24 27
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J. that Plaintiffs should be awarded actual and treble damages, reasoﬁable
attorneys’ fees and costs of suit pursuant to California Business and Professions Code
§ 4381(b) and (c);

K.  that Defendants be preliminarily and permanently enjoined from further -
violation of the California Pharmacy Law pursuant to California Business and
Professions Code § 4381(b) and (c); |

L.  that compensatory and punitive damages be awarded against Defendants in
favor of Astellas, Item, and King for Defendant’s intentional interference with
prospective economic advantage; and |

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

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

Dated: NovemberZQ, 2008 MORRIS POLICH & PURDY LLP

)7

D@ld L. Ridge

Attorne or Plaintiffs, ASTELLAS US LLC and
ASTEL S PHARMA US, INC.

Charles E. Lipsey

Susan H. Griffen

David P. Frazier

FINNEGAN, HENDERSON, FARAB()W
GARRETT & DUNNER, L.L.P.

Attorne or Plaintiffs, ASTELLAS US LLC and
ASTEL S PHAR US, INC.
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WHITE & CASE LLP

By o YUY/ e

Glenn/W. Trost
Jean®. Shimotake
John P. Scheibeler

Attorneys for Plaintiff, Item Development AB

JONES DAY

B 2 ( @\0463

Theodgte S. Maceiko
F. Dofinic Cerrito
Jonathan A. Muenkel

Attorneys for Plaintiff, King Pharmaceuticals
Research and Development, Inc.
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Donald L. Ridge (SBN 132171)
dridge@mpplaw.com :
MORRIS POLICH & PURDY LLP
1055 West Seventh Street, 24™ Floor
Los Angeles, CA 90017

Telephone: (213) 891-9100
Facsimile: (213)488-1178

{| Attorneys for Plaintiffs

ASTELLAS US LLC and
ASTELLAS PHARMA US, INC.

| Glenn W. Trost (SBN 116203)

ost@whitecase.com

HITE & CASE LLP
633 West Fifth Street, Suite 1900
Los Angeles, CA 90071-2007
' 213) 620-7814
Facsimile; (212)452-2329 |
Attorney for Item Development AB

Theodore S, Maceiko (SBN 150211)
tsmaceiko {?nesday.com

JONES D .

355 South Flower Street, Fiftieth Floor
Los Angeles, CA 90071

Telephone: (213) 243-2864
Facsimile; (213)243-2539
Attorne%; for King Pharmaceuticals
Research and Development, Inc.

ASTELLAS US LLC, ASTELLAS
PHARMA US, INC., ITEM
DEVELOPMENT AB, AND KING
PHARMACEUTICALS RESEARCH
AND DEVELOPMENT, INC.

Plaintiffs,
V.

ANAZAOHEALTH CORPORATION,
NUVIEW RADIOPHARMACEUTICALS,
INC., PAUL J. CROWE, KEITH
RUSTVOLD, MTS HEALTH SUPPLIES,
INC., NABIL SABA, AND GHASSAN
SALAYMEH

Defendants,

UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA — WESTERN DIVISION

Case No. CV08-01083 JFW (VBKx)

DECLARATION RE JOINDER
PURSUANT TO LOCAL RULE 19-2
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NUVIEW RADIOPHARMACEUTICALS,

II{I\{JCS 'ZFI{/%I{IIIDJ CRQWE AND KEITH
Counter Claimants,

V.

ASTELLAS US LLC, ASTELLAS

PHARMA US, INC.. ITEM
DEVELOPMENT A’B AND KING
PHARMACEUTICALS RESEARCH
AND DEVELOPMENT, INC.

Counter Defendants,

NUVIEW RADIOPHARMACEUTICALS,
INC., PAUL J. CROWE, AND KEITH

RUSTVOLD

Cross Claimants,
v. |
ANAZAOHEALTH CORPORATION

Cross Defendant.

DECLARATION OF COUNSEL UNDER LOCAL RULE 19-2

This action involves causes of action for infringement of U.S. Patent Nos.
5,070,877 (the 877 Patent) and 5,731,296 (the *296 Patent). Although plaintiff King
Pharmaéeuticals Research and Development, Inc. (King) owns the *877 patent and
plaintiff Item Development AB (Item) owns the *296 patent, both patents are
exclusively licensed to plaintiffs Astellas US LLC and Astellas Pharma US, Inc.
(collectively Astellas) who control the enforcement of the two patents and have the
right to bring suit under the patents. King and Item are joined as co-plaintiffs to avoid
a dispute over necessary parties.

The interests of justice will be advanced, and a multiplicity of actions avoided,
by allowing these causes of action to proceed together in a single lawsuit because the

infringement claims under both patents arise from a common nucleus of facts. Both

2 31




Cas

O 0 3 N L AW =

N N [\ —t [a—Y oy fum— [a— i fu——y [onry [a—y

e 2:08-cv-01083-JFW-VBK Document 100 Filed 11/21/08 Page 30 of 50 Page ID

#:1716 :

pétents cover different aspects of the method of using Astellas's branded
pharmaceutical product, Adenoscan®, as a pharmacologic stress agent to diagnose
cardiac disease.

As set forth in detail in the complaint, Plaintiffs' causes of action relate, in part,
to the NuView defendants' un_authofiz_ed sales of an unapproved copy of Adenoscan®
whose use infringes both of the patents licensed by Astellas, Moreover, .the NuView
defendants’ efforts to hide their infringement of both these patents through an elaborate
ruse gives rise to Plaintiffs’ actions for unfair competition and intentional interference

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

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

the infringing activities arise out of the same transactions for both patents. Moreover,
much of the conduct at issue in the unfair competition and interference with
prospective economic advantage counts is the same conduct at issue in the patent
infringement counts,

Finally, the technological background concerning adenosine, its physiological -
effects, and its use in humans is relevant to both patents,

I declare under penalty of perjury under the laws of the United States of America
that the foregoing is true and correct to the best of my knowledge, information, and
belief.

Executed on November 22 , 2008, in Los Angeles, California.

L/

6onald L. Ridge
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1571 ABSTRACT

‘This invention is concerned with the use of adenosine as an
agent for the reatment of haman beings, Mare particulaly,
this invention is concemcd with the administration of
adcnosine t0 humaa patients by contimuous intraveeous
infusion for, inter alia, control of blood pressure, usc as a
selective vasodilator, decreasing pulmobnary vascular
resistance, treating acote pulmonary hypertension in con-
junction with idiopathic respiratory distress syndrome, in
diagnosing pulmonary hypertension in conjunction with
cardiac scptom defects, in percntancous transluminal angio-
plasty (PTCA), In cororary thrombolysis (CTL) and in
radionucleide scintography. .

9 Claims, No Drawings
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SELECTIVE VASODILATION BY Accordingly, for adenosine to be of practical value for

CONTINUOUS ADENOSINE INFUSION

This-application is a divisional of Scr. No, 07/821,395,
filed Jan. 14, 1992, now U.S. Pat. No. 5,231,086, which is
a continustion of Ser. No. 07/630.413, filed Dec, 19, 1990,
pow U.S. Pat, No. 5,104,859, which is a coptinuation of Ser.
No, 138,306, filed Dec, 28, 1987, now abandoned, which is
" a continuation-in-part of Ser. No. 030.245, filcd Max. 24,

1987, now abandoned, which is a continuation-in-part of 10

Ser. No. 779,516, filed Sep. 24, 1985, now abandoned,

This invention is concerned with the use of adenosine as
an agent for the teatment of human beings. More
particularly, this invention is concerned with the adminis-
tration of aderosine to human patients by continuous intra-
venous infusion for, inter alis., control of blood pressure, use
as a selective vasodilator, decreasing pulmonary vascular
resistance, treating acute pulmonary hypertension, wreating
pulmonary hypartension in conjunction with idiopathic res-
piratory distress syndrome, and in diagnosing pulmonary
hypertension in conjunction with cardiac septum defects,

Adenosinc is a naturally occurring nucleoside composed
of the purine, adenine, and the sagar, D-ribose. Nosmal basal
plasma Ievels of adenosine are from about 0.1 to about 0.2
pmol per liter, In addition, it is commonly present in the
body in the form of adenosine monophosphate (AMP),
adeposine diphosphate (ADP) and adenosine triphosphate
(ATP). Adenosine has been reported to have a variety of
biological cffects, depending on whether the adenosine is
cndogenous or cxogenously administered, Including seda-
tive and anti-¢pilcptic cffects on the central neryous system
and inhibitory cffects on respiration, cardio-vascular cffects,
including prolongation of atrio-ventricolar conduction time
and impyisc formation in the sinus node, vasodilation,
antiaggregatory effect, deareased release of frec fatty acids,
anti-sccretory effect in the stomach, and anti-diuretic effect.

As a general rule, however, adenosine and its biological
cffects have been largely of physidogical intesest. TO the
extent adenosine was of interest as a pharmaceutical
product, that interest has centered primardly on its phosphate
dezivative, which now is known 10 be rapidly metabolized to
Yyleld adenosine and phosphate in the circulation. See Sollevi
€t al, Acta. Physiol. Scand, 120:171-6 (1984). However,
phosphaic may canse undesired side cffects, For example,
high levels of phosphate may cause arrirythmias secondary
to chelation of magnesium and calcium, (See Dedick, ctal,
Anesthesiology, 57:3A, 66 (1982)).

Furthearmore, adenosine is known 1o produce heat block
through blockage of the atrioventdceular (A-V) node. As a
consequence, methylxaunthines such as theophylline have
been proposed by Berae, ct al., in U.S. Pat. No, 4,364,922
for usc in preventing heart block caused by adenosine, in
particular adenosine released as a consequence of cardiac
ischemia or hypoxia.

In addition, it has becn proposed to take advantage of
adenosinc's ability to block atrioventriculsr conductance by
using it to treat tachyarthythmias. For such use, sdenosine is
administered as an Injectable Intravenocus bolus containing
from about 37.5 micrograms/kg up to about 45.0
Toicro of adenosine, In such a use, the adenosine
has litde detectable vasodilating action. Adenosine bas
very short plasma half-life, of the order of 10-20 seconds
(seo, Fredholm and Sollevi, J. Physiol,, 313:351-62 (1981)),
and thus the concentration of injected adenosine is rapidly
reduced o normal seram levels (about 0,158 mol per Titer).
The trabsitory presence of the injectod edenosine precludes
all but the most transitary vasodilation.
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usc as a vasodilator, it must be administered continuonaly to
maintain plasma levels sufficiently high to achieve vasodi-
lation. The problem, however, Is that such contimaous
administration could lead to undesired side effects, such as
the above-noted heart blockage.

It also should be noted that compounds commonly used
as vasodilators, such as sodivm pitroprusside,
nitroglycerine, isoflurane, hydralazine, prazosin and the like,
have various side effects. For example, sodiom nitroprusside
has the drawbacks of tachyphylaxis and rcbound
hypericnsion, apparently caused by aotogenons generation
of angiotensin to counteract the hypotensive effect of the
nitroprusside. As a conseguence, the dosage of nitroprusside
must be progressively Incremsed with continued use to
overcome the hypertensive effect of angiotensin, and there is
a 1isk of rchound duc to the presence of residual excess
anglokensin. Nitroglycerine and prazosin suffer fiom the
drawbacks of slow onset and unpredictable action. Isofla-
ranc and sodinm nitroprusside both have a tepdency to
reduce cardiac blood flow, while nitroprusside, hydralazine
anid prazosin increase heart rate,

Accordinply, there remains a need for a vasodilator
suitable for adwinistration by continuous intravenous infu-
sion,

The present fnvention is based upon the discovery that
adenosine can be administered 1o human patients under
conditions such that significant vasodilation is achieved
without the occurrence of significant heart blockage, It is
based on the further discovery that adenosine has a unigue,
and heretofare unappeeciated, activity profile in homans
which differs significantly from the profiles of heretofore
commonly used vasodilators. As a comsequence of this
discovery, it has been discovered that adenosine may be
employed for the treatment of a varcty of conditions by
continuous intravenous infusion techniques,.-In particular,
and as will be Hllustrated In greater detail below, adenosine
has becn found to have the following characteristics: :

1. It has selective vasodilation activity, in that its cffect
15 imited to a cardiac after-load effect. That is, Its activity is
limited 10 dilation of arterics and it has littic er no effect on
cardiac pre-load, i.e. as a dilator of veins,

2. Although adenosine has significant action in blocking
atrio-ventricular (A-V) conductancc by bolus injection, it
can be administesed by continuows infusion snd have sig-
nificant useful vasodilating action at dosages below those at
which it has slgnificant A-V activity.

3. Adenosine has significant hypotensive activity without
the occurrence of significant tachyphylaxis, apparcatly
because adenosine blocks the renin-angiotensin system of
the kidncy, thus preventing hypertension due to the forma-
tion of angiotcnsin in response to hypotension,

4. Adcnosine’s effect is readily controlled because it is
active at relatively small doses and because of its short
plasma half-difc (10-20 secomds), In addition, its activity -
quickly ccascs when adenosine administration is terminated.

5. Adenosine Is capable of significantly increasing car-
diac output without significantly increasing cardiac work.

6. Adenosine, in the amounts used in accoxdance with the
invention, Is essentially non-toxic. It is rapidly taken op by
the body to form ATP, and upon degradation its metabolitcs
arc present at or below lcvels normally resulting from
physical exercise.

The foregaing activity profile permits continuous infu-
slon of adenosine for controlicd hypotension during surgery,
for control of varous forms of hypextensive cdsls, to

-improve coronary circulation during surgery in paticnts with
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ischemic heart discase, for reducing the incidence of coro-
nary graft occlusion by increasing graft fiow following
coronary bypass sugery, and for reducing platelet Joss
during cardiac bypass surgery. It has also been found that
adenosine may be used for decreasing pulmonary vascular
resistance, for treating acute pulmonary hypestension. for
treating acute pulmonary hypestension in conjunction with
idiopathic respiratory distress syndrome (IRDS) and for
diagnosing the operability of the pulmonary vasculature in
paticnts with pulmonary hypertension in conjunction with
cardiac septum defects, Adeposine also is useful in iphibit-
ing clot farmation during percutancous transhuninal coro-
vary angioplasty (PTCA) and coronary thrombolysis (CTL),
as well as an ald in visnalizing miocardial irrigation for
radionucleotide scintigraphy.,

In accordance with this invention, adeposine may be
administered to huoan patients by continuous intravenous
infasion to provide siguificant vasodilation and without
significant heart blockage under two conditions. First, the
heart blocking action of adenosine is not detected during
agcsthesia when the rate of administration is .35 milligrams
of adcnosine pax klogram of body weight per minute or less.
Sccond, the heart blocking action of adenosine is not
detocted, even In consclous paticats. at rates of administra-

5,731,296

tion of about (.10 milligram of adcnosine per kilogram of 25

body weight per minute or less.

For purposcs of this inveation, adenosine can be admin-
istered to the patient in any pharmacentically acceptable
Form suitable for use in continuous, intravenous infusion. A
prefared fom is an aqueons solution of adenosine, and
mare preferably adenosine in isotonic saline. The concen-
tration of adenosine in the solution iy not namrowly critical,
although concentrations of at Jeast about 5 millimal (or
about 1.5 milligrams) per milliliter of solution are desired to
avoid thc peed for excessive infusion rates to achicve
desired scyum levels., When admipistering adenosine to
small children, however it is possibie to use concentrations
as Jow as about 0.1 mg/ml. The concentration may be as high
as the solubility limit of adeposine (abont 20 millimols per
liter or 5.5 to 6 milligragns per milliliter), if desired

‘When used for continuous infusion in accordance with
this jovention. the unit dosage form typically has a yolams
of at Icast 250 miltiliters, and preferably in the range of 250
to 500 milliliters, to provide an adequate sopply of adenos-
inc. Consequently, the unit dosage fonm gencrally will
contain from about 0.4 to about 3 grams of adevosive, In
amall children, the wnit dose will, of course, be carrsspond-
ingly smaller than it is for adults. ’

The adenosine solution should be stexile and froe from
fungi and bactexia. Such solutions have been found to be
stable at room temperature for at least two years.

Such solutions are prepared by mixing adenosine with
the aqucous caia, c.g. water or an isotonic solution, and
other desired ingredients, to achicve a sclution having the
desired concentration, and thareafter sterilizing the solution.

Continuous infusion can be performed vsing any tech-
nigue known to the art. Because adenosing has such a short
plasma half-lifc apd it is active at relatively low
concentrations, it is desired that the method be one which
minimizes or avoids fluctoations of serum adenosine levels.
Accordingly nse of high precision roller pumps is preferred.

_As Is poted above, the present invention bas nomerous
specific applications, depending upon adenosine dosage
levels and whether or not adenosine is -administered to

sthesized or con patients. Tho first geperal eat-
cgoxy of applications is that in which adenosine is continp-
ously administered to a patient undergoing surgery under
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general anesthesia at doses that do not induce heart block.
Specific applications includs controlled hypotension during
swrgery, in particular dissection and clipping of cercbral
artcsial ancorysms; coptrol of hyperinsion orisis during
surgery, for exaraple due to release of catecholamines in the
course of pheochamocytoma surgery; and mproved coro-
nary circelation and aftcr-load reduction during abdominal
aortic ancurysm surgery. especially in paticnts with ischemic
hemt discase. For such uscs, dosage rates of the order of 0.05
to zbout 0.3 milligrams per kilogram of body weight per
minute are effective amounts, .

The second general category of continuous adenosine
infusion applications is that in which adenosine is adminis-
tered to conscious patients, also at levels below which
adenosing exhibits significant heart blocking action. These
levels are typically achicved at administration ratos of 0.05
milligram of adeposine per kilogram per minute or less.
Specific examples of conditions which may be treated with
adenosine In conscious patients include peevention of ooclu-
sion of cardiac bypass grafts following bypass suigery,
increascd cardiac otput in patients with low cardiac output,
and use of adenosine as an adjunct to dopamine treatment for
shock

Blood levels of adenosine which result from ap admin-
istration ratc of about 10-30) micrograms per kilogram of
body weight per minote (0.010-0.030 g per kg, per
minutc) minute can be used in a number of additional ways,
¢.g., to docrease 1 vascular resistance, to treat
acute pulmonary hypertension and acute pulmonary hyper-
tension in conjonction with idiopathic respiratary distress
syndrome (IRDS), and to diagnose pulmonary hyperteasion
1o conjunction with cardiac scptum defects,

“'The following examples fllustratc in greater detail spe-
cific applications of continvous intravenous infosion of
adenosine in accordance with this invention,

EXAMPLE I

CONTROLLED HYPOTENSION DURING
ANESTHESIA

It is frequeatly desired to reduce-the blood pressure of
patients during surgery. For example, in the case of dissec-
tion and clipping of cerebral arterial aneurysms, controlled
hypotension is desired to reduce the ancurysm wall tension
in order to minimize the risk of ruptore and bleeding.
Controlled hypotension is also used to reduce bleeding
during other forms of swrgery. )

Prlor to this inventon, vasodilators, such as sodium
nitroprusside and nitroglycerine, were used for this purpose,
but both have drawbacks, For examnple, sodiam nitroprus-
side suffers from tachyphylaxis, or the need to increase the
dose of nitroprusside with time due to the release of angio-
tensin, In addition, rebound bypertension also has been
obscrved following use of nitroprusside. Nitroglycerine is
chaacterized by Slow onset of action and umpredictsblc
action.

Adcnosine has been found to be a remarkably effective
agent for Inducing controlied hypotension during surgery.
Adcnosive, when administered in effective amounts, has a
very rapid hypotensive effect which can be rapidly termi-
nated due to its shart half-life. Moreover, adenosine does not
cause tachyphylaxis, apparently becaise it blocks the renin-
angiotensin system of the kidaey, thereby preventing for-
mation of apgiotensin which tends to counteract the
hypotension. For the same reason, rebound bypertension is
avolded after discontinuation of infusion,

For this indication, adenosine typically is administered
intravenously via the left basilic vein or via a central vein in
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an amount (or at a reic) sufficient to achieve the desired
hypotensive effect. It has been found that lowering of mean
artcrial blood pressore to as low as 40 milbimeters of
mercury, as measured by 3 cangula in the left radlal anery,
is rcadily achleved without significant side effects. In
paticular, so Jong as the patient is under ancsthesia, no
blockage of strio-ventricular conductance is observed.

The actual plasms levels of adenosine cmployed for
controlled hypotension will vary, depending upon such
factors as the particular patient, the age of the patient and the
desired degree of hypotension, As a general rule, however,
a reduction of mean arterial tood pressure to 40 to S0 mm
Hg is achicyed by adminstration of adenosine at a rate of
from about 0.2 to about 0.35 milligrams of adenosine per
kilogram of body weight per minute, The amount of adenos-
ine required to achicve a given degree of bypotcnsion can be
reduced if adenosinc uptake inhibitors, such as
dipyridamole, are also administered to the patient. The
possibility that adenosine might be useful for inducing
contolled hypoteusion in humans was suggested by Kassell
et al,, J. Neurosurg,, 58: 69-76 (1983), based upon tests in
dogs, However, this study was performed during the admin-
istration of dipyridamole, another vasodilator that potenti-
ates the cffect of adenosine by inhibiting cellular vptake of
adenosine. The dose of dipyridamole (1 mg/kg) was high,
and it in fact induccd a 20% reduction of the mean arterial
blood pressure. The hypotensive effect of adenosine was
then studied upon this bypotensive dose of dipyridamole. It
was xeposted that hypotension to 5 mean arterial pressure of
40 mm/Hg could be induced and maintained with an infu-
sion of 04 gram of adcnosine per 100 milliliters of normal
salinc, at a dosc of 50 pg/kg/minute. When dipyridamole
was excluded in a pilot study, as moch as 5-10 mg/kg/
minate was required for the induction of hypotension,
thereby creating an exoessive fluid Joad. Kassel ¢t al. noted
that induction of hypotcnsion in dogs Is difficult, and specu-
latcd that “adenosine alone, without the poteutiating cffects
of dipyrimadolc, may be sufficicnt to produce hypotension in
man without excessive volumes of fluid”. As noted above,
cffective induction of bypotension i man is achieved at
adenosine dose levels of only 0.2 to 0.35 mg/kg/minute, or
30 to 50 times Jower levels than cffective levels in the dog.
Such low rates arc hardly predictable from the information
of Kassel et al.

In a study intended to demonstrate usc of continuous
infusion of adenosine to effect controlled hypotension in
Inan, ten patients with no nown histary of cardiopaimonary
discases (seven men and three women, ages 35-58 ycars),
scheduled for intracerchral ancurysm surgery, were sclected.

One hour before the operation the patients were premedi-
cated arally with diazepam (1020 mg.) Atropine (0.5 mg)
and droperidol (0.1 mg, per kg.) were given intravenously
before induction of anesthesia, Induction was started with
thiopental (5 mg. per kg) followed by phenoperidine (1-2
mg), a synthetic opiate with pharmacodymanics resembling
fentanyl but with a longer duration of action and Yo of its
analgesic potency.

Pancuronium tromide (0.1 mg per kg) was ngcn to
facilitate cndotracheal intubation. Ancsthesia was main-
tained by supplementary doscs of phenoperidine and
droperidol, as required. The total dosc-of droperidol did not
excecd 0.2 mg. per kg. and was administered within the first
2 hours of ancsthesia. Phenoperidine was supplemented
regularly to prevent the blood pressure from exceeding the
preancsthetic lovel (approx. 1 mg/30-60 min). Controlled
hyperventilation was employed with 8 humidified gas mix-
ture of 60% N,O in oxygen to maintain PaCO; values at
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approximately 30 mmHg (+1.5/55M), Mannitol (1-1.5 g,
per kg) was given routinely at the start of the operation (e.g.,
1-2 bours prior to the controlicd hypotension). The paticnts
were operited on in the horizontal supine position,

A 1.2-mm plastic cannula was Introduced into the Jeft
radial artery to monitor systemic arterial blood prossure
(MABP) and collect arterial blood. A balloon-tipped, fiow-
directed, quadruple men Swan-Ganz catheter (Model 33A-
831-7.5 F, VIP) was inscrted percutancously via the left
basilic vein, and its correct position in the pulmonary astery
was determined by pressure tracings. The catheter was used
for the monitoring of meanright atrial pressure (RAP), mean
pulmonary artery pressure (PAP), and mean pulmonary
capillary wedge pressuce (PCWP) for the detenmination of
cardiac output and collection of mixed venous blood and for
the infoslon of adenosine. Another plastic cannula was
introduced percutancously, in a retrograde direction, into the
tight jugular bulb for the collection of blood. The correcs
position was verified by x-ray,

The ECQ was monitored with a standard chest (V5) lcad.
Heart ratc was detenmined from the R-R interval, Blood
pressures were measioed by transducers placed at the
midtheracic level, Cardiac output (QT) was determined in
triplicate according to the thermodilution technigue with a
cardiac output computer (Bdwards Lab, model 9510), Iso-
tonic glucose, 10 ml at 1° C,, was used as a tbermal
indlcatar. The ECG, heart rate, BMood pressures, and ther-
modilution corves were recorded on a Grass® polygraph.

Blood gases were measured with appropriate electrodes
for pH, PCO,, and PO, (Radiometer, Copenhagen). The
hemoglobin concentration was determined spectrophoto-
mcm'cally. Samples for the detexmination of adenosine and
its metabolites were collocted as desardbed by Sollevi ot al.,
Acta Physiol. Scand., 120: 171-76 (1984).. Adenosine and
inosine were purified and analyzed by HPLC as described by
Fredhclm and Sollevi,, J. Physiol. (London), 313: 351-67
(1981). Hypoxanlhinc, xanthine, and uric acid were ana-
lyzed by HPLC according to the method of Schweinsberg
and Loo,, J. Chromatogr., 181: 103-7 (1980). Axtcrial Icvels
of dipyridamole were dotermined by HPLC, J. Chromatogr.,
162: 98-103 (1979). Blood lactate was measured accarding
to Tfelt-Hanscn and Siggard-Andersen. Scand. Clin, Lab.
Inyest,, 27:15-19 (1971).

Measurements and blood sawplings were performed
immediately before hypotcnsxon, as latc as possible dwing
hypotcnsion (1-5 min before terminating the infusion) and
approximately 30 min after the hypotensive period.

Dipyridamolc (5 mg. per ml) was infused iv (0.3-0.4 mg.

per kg. over a period of S~10min) approximately 20 minutes

pricr to theinduction of controlied hypotension, This dose of
dipyridamole produced clnically relevant drog levels in the
plasma (1.24).3 pM, SEM) during the hypotensive periods,
(See Pedersen, J. Chromatogr., 162: 98—103 (1979).

Adcnosine (5 oM, 1.34 mg. per ml in isotonic saline) was
administered by continuous infusion (Critikon rolier pump,
2102A, superior vena cava) for 12-71 minutes (3=3313
SEM) at a mate of 0.01-0.32 mg. per kg per min (
%=0.1440.04 SEM, comrespondiag to 8.042,7 mg. per min).
The infusion was started at a rate of 0.01 mg. per kg, per
mipute, which was donbled at 15 second intervals until the
desired MABP level of 40-50 mmHg was reached. The
corresponding volume of infuscd adonosine solution ranged
fmmD.Smel.purm!n(i-ﬁﬁSEM) The mcan
hypotensive period was 3218 min. The total adcnosine dose
did not exceed 1.5 grams, Scrum creatinine was detexmined
before and on two consccutive days after operation. The
standard ECG was recorded the day before and the day after
operation.
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As is cvident from Tablc X, adcnosine is present in the 10
~"M range during basal conditions. Contieuons infusion of
adenosine incrcased the arterial adenosine level to 2.4510.65
pM. The adenosine metabolites inosine and hypoxanthing
were increased during the infusion, whereas xanthine and
uric acid levels were unaffected. Once the desired blood
pressure level was reached, the infusion rate could be kept
constant throughout the hypotensive period. After tormina-
tiob of the infusion, the arierial adenosine levels returned to
contro) valucs within 3-9 min. Inosing was climinated more
slowly from the circulation and remajned slightly above
basal Jevels 2040 minuies after the infusion,

‘The central hemodynamic variables were measured in all
10 paticnts befose, during and 30 minutes after controlled
hypotension and arc sumnmarized in Table IL
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Systeraic vascular resistance (SVR) was dezived from the -
formula TABLE I
oo MABP— RAP Central Hewodymunic Visisbles Before, During wnd 90 -
SVRmely, yor ey in) ===~ s Min Afier Adenosine-Indhced Controlled Hypotetsion in
Ten Patients.
and pulmonary vascular resistance (PVR) from the formula Costrol 1 Adezosing Control 2
—FCWP 10 Systolic blood N5 6 XL 1303 7*°
pvr=LAE CHE presswro (ranly)
Dinstolic blood 6143 344 2% TLk 30e
. prosnze (xnmHg)
Oxygen content was derived from the formula SO,*x :":&"‘““' B2%3 wt2e 51 4ev
1.34XHb+PO,X0.03. Foex ¢t al., Br. J. Ancsth., 42: 8034 ¥ ,l"‘"“"'
The arteriovenous oxygen content difference ¢ . )
(1970). The Y8 Right 68111 72107 56+ 08
(AVDO,) was determincd and uscd to calculate total OXYRED  aprial premurs
consumption (VO,) as the product of AVDO,, and QT. (i)
Pulmonuy 144 210 165+ 09 147+ 14
*S0,=05ypm mtwstion. e satery prowsae
The resalts of this work are swmmarized in Tables I-TV, in (o)
which data mp’escm.cd as means +SEM. Tbc statistical Pabmcoary ceplilay 961 11 110 1.0 99+ 1.4
significance (control 1 vs, adeposine and comtrol 1 vs, wedge pressure .
control 2) was determined by Student’s ttest for palred data. 25 (moulg)
AP valuo of <0,05 was regarded as significant. Hoart rete 54%2 631 3 B3
‘The purinc levels of nine of the patients were deteymined  (beats pes min)
prior 1o, during and aftcr adepesinc-dnduced controlled  Crdise owtput 4931051 6362071 5174054
hypotension. The results are summarized in Table L (liters pes i) .
30 Systomc vasswlar 16654195 622 0.60° 1770% 172
‘AB! Tesstmce
TABLET (wmHg per min)
Purine Lovels (M) in Aricrial Plasna Bofors, During, Pulmonwry vascular 097 % 0.1 0.82 + 0.08 0971 0.15
xad After Adeosing-induced Controlled Hypotession in vesisance
Nine Putients. 35 (mmHg per iter win)
———After Bypotegion |
<001
Controd 1 Hypowmica 39 M 2040 Min **F < 0.03, denotes sigaificantly different fom contro! 1.
Admo 0153002 2451065 0243006 0.191003 . ot
e ® & ® m © The . Infusion of dxpy.ndamolc dccmfsod MABP by
© Tosie  DD41001 3011148 0691026 0291015 approximately 10 mmHg in five of the paticnts. At the start
M(F) 55 (;) N () .zs(l) of the adenosine infusion, MABP was not significantly
W 1E0 - - BB e diffcrent from the predipyridamole level (8243 vs. 8633
thine mmHg) as shown in Table IL Adenosine induced a decrease
i.: 393 (_*nm‘ 6"“3)1'67 - -’-‘9(,17)‘-’6 43 in MABP to 46 mmHg (4313%) within 1-2 minutes.
Uric 18521142 19811227 - 19951 28.8 The decrease in MABP was cansed by a parallel decrease
Acid 9) ©) @) in both systolic and diastolic pressure. The MABP was
P <001 stable thmugbout the hypotensive period. Cardiac output
*P < 003, decotes significantly diffcrens fram the control 1 kevely. increased from 4.9 to 6.9 1 per minnte (44349%) in parallel
Numbee of cbeavation n prrecthescs. 0

with a small increase in heart rate of 932 beats per minute.
The SVR deaeased from 16,7 to 6.2 mmHg per liter a
minute, corresponding to a decrease of 6143%, whercas
PVR was unchanged. RAF, PAP, and PCWP were pot
influenced by adenosine,

After discontinuation of the infusion, MABP was restored
within 1-5 minutes. Rebound hypestension did not occur,
although the MABP was persistently approximatcly 10
mmHg higher after hypotension than during the control
period. However, the posthypotensive MABP was not sig-
pificantly higher than the MABP before administration of
dipyridamole. Heart rate, QT, and SYR returned rapidly to
coutrol levels conawrently with the restoration of MABP.

Oxygen contents, consumptions and lactate concentra-
tions in mine patients before, during and 30 minutes after
controlled hypotensior arc summarized in Table JIL
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**P < 0.05, denotes significxntly different from control 1.

From Table I, it can be scen that arterial oxygen tension
remained unchanged during adenosine-induced hypoton-
sion. YO, was degreased by 13344%, with a decrease in
AVDQ; of 3715%, The arterial lactate concentration was not
affected by bypotension. The cercbral AVDO, decreased
similarly by 37413%, while the artcrio-jugular Iactate con-
tent differcece 'was unaltered, )

After the hypotensive pedod, the metabolic variables
returned to the coniro] Jevels, except for a minor increase in
the arterial lactate concentration.

The ECG the day after the operation was unchanged. The
mean serum creatinine level was 8334 pM before operation
and 7043 and 7134 IM on the first 2 postoperative daya,

Adcnosine infusion rate was constant dariog the hypoten-
sion, which suggests the absence of tachyphylaxis.

Subsequent to the tests described above, a 20 mM solution
of adenosine in isotonic saline was administered to 50
surgical patients employing techriques similar to those
described, except that pretreatment with dipyridamole was
omitted, Hemodynamic effects similar to thosc described
above wese observed at adenosine dosages of 0.2-0.35 mg
per kg par minute. The enhanced cardiac output obtaincd
with adenosine, in combination with the maintained right
and left heart filling pressures, is in contrast with the
bemodynamic ¢ffects of controlled hypotension with sodium
nitroprusside or nitroglycerine, as is shown in Takle IV.

TABLE IV

dypxmic Effocts of Ad
Nmug}ywm—(ﬂlG),mdevpwa&(SNP)

Ted Hyp
Avcurysm Sm’pry with Similar Ancsthetic 'Ibcl:nqxs
from Control
ADBNOSINB SNpre TRG***
n=10 n=17 n=20
MABP —43* -36* -36°
RAP +6 - —45
PAP +15 77 ~34°
PCWP +14 —44e -45¢
HR +9v Ly 734 +19*
Qr 44 -5+ —24°
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TABLE 1 TABLE IV-continued
Total Artesiovenony Oxygen Content Differcace Hemodynamic Bifects of Adenosing und

(AVD'TO2), Fugular Artessovonous Oxygen Content s Nitroglycerino-{TNG), sud Nitropruseide-(SNF)

Diffoyence (AVDj032), Total Oxygro Consamption Induced Controlled Hypoleasiog during Cerebral

(Y 03), Aricrial Oxym%nwnthog).m Anunymswmmﬂx Simdlar Apesthetic

Lactate Copocatration (La) wnd Jugular Asteriovenom from Control]
Lactate Content Difieroncos (AVD]La) before, during,
and after Adcoosine-induced Hypotension ip Nine ADENOSINE SNPre THNGree
ents. 0 n=10 n=17 nx20
Control § Adanoaine Cantrol 2 SVR ~61¢ -29¢ ~16®
PVR -15 +11 +12
AVD.0, 463+ 23 293 & 2.5* 4683 32
{m) por Liter) *P <001
AVD,0; 8521 105  S8.1%141% 7491 77 _ **Dgts from Lagerkranser et al,, Acta, Anesth. Scand., 24,2 42632 (1980).
(), pes liter) 15 ***Duta from Lagerkmanser, Acts. Anzsth. Scand,, 26: 453-7 (1982).
V0, 20% 18 193 1 16% 2351 16

(m) per mm.) From the foregoing it is evident that continuous infusion
(P'w _ 11098 975150 $30% 3.2 of adenosine during anesthesia Is capable of significantty
L 146£017 173300 1s2gogoee  Foducing blood pressurc without evidence of tachyphylaxis
(oumal per Kites) 2 while, at the same time, causing a decrease In peripheral
AVD; 0021004 0052005  -006% 004 vascular resistance, an increase in cardiac output and a
(rzmol per Tier) modorate increase in heart rate, This suggests that adenosine
o <001 acts as a hypotensive agent throngh dilation of the arterial

resistance vasculature. In contrast, sodium nitroprusside and
nitroglycerine induce hypotension by both pre- and post-
capiliary dilatation. In addjtion, controlled hypotension with
adenosine better prescrves oxygen tissue pressurcs than
hypotension induced by nitroprusside.

It should be poted that, at the levels of adenosine used,
blockage of atrio-ventricular conductance does not occur in
these persons during anesthesia, Indeed, adenosine is used in
bolus form spedifically to block A-V conductance. Appar-
enily the peak plasma concentration of edenosine is consid-
crably higher when giving bolus injections than the stcady
state levels obtained during these continnous infusions.

EXAMFIE II

CONTROL OF HYPERTENSIVE CRISIS

Continnous infusion of adenosine can also be exployed to
control hypertensive crises occurring during sargery. Such
crises can occar, for example, as a result of release of
cztecholamines during surgery ob pheochromocytoma—a
tumor characterized by the presence of catecholamine—
which can cause pulmonary cdems and death, At present,
this situation is treated prophylactically by pre-
administration of alpha- and beta-zdrenoceptar blockers or
vasodilators, bat the effect is often insufficicnt. It bas now
been found that, in the case of a catecholamine-induced
hypertensive crises, prompt infasion of adenosine will rap-
1dly restore blood pressure to-normal, and will casily main-
tain normoal pressure until the crisis has passed. Amounts of
adcnosine which are effective in controlling such hyperten-
sive crises will depend on the degree of hypertension.
However, as a general rule they are about half of the
amounts found uscful for controlied hypotension, l.c., in the
range of from abont 0.1 to mbout 0.2 mg adenosine per
kilogram of body weight per minute.

EXAMPLE I

IMPROVED CORONARY CIRCULATION IN
ISCHEMIC HEART DISEASE

Paticnts requiring abdominal vascular surgery, such as
surgery for an aortic aneurysm, frequently also suffer from
ischemic heart diserse, or insufficient blood flow to the heart
tissue, which may present undesirable complications in such
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sargery. Accordingly, drugs with vasodilator properties,
such us isofurane and nitroprusside, have been investigated
for possible usc to increase myocardial blood flow and to
reduce peripheral vascular resistance (after-load reduction)
during such surgery; however, they bave been found to have
no bencficial effect with respect to coromary flow and,
indecd. may reduce cosonsry blood flow. In contrast,
adeposine adminjstexed by contiouous infusfon has been
found very effective in increasing myocardial blood flow
and, in such use, is accompanicd by an increase in cardiac
output.

For such application, the rate of adcnosine admindstration
should be such that there is no more than & 10-20 percent
reduction in blood pressure. As a gencral yule, this is
achieved by usc of rates of administration of the order of
0.05 to about 0.1 mg. adenosine per kilogram per minute. In
such a case myocardial blood flow has been found to be
doubled, cardiac output has been Increased by 10 to 20
percent, and blood pressure has been reduced by 10 to 20
pexcent, all without change in oxygen consumption and
without ECG sigos of ischemia.

EXAMPLE IV

CORONARY YASODILATION

It has been further found that when adenosine is admin-
istered by infusion at rates which do not induce significant
hypotension, it has clinically useful regional cifects in
unancsthetized and ancsthetized patients,

For example, adenosine at dosages of the osder of 10 to
15 percent of hypotensive leveds (e.g. 0.02 to 0.05 mg. per
kg. per minute) can be a uscfal adjunct to coronary by-pass
surgery, apparently due 16 a preferential coronary vasodila-
tion. & has been reported that coronary artery grafts occlude
more frequently during the postoperative period when low
grafit-flow values mre obtained duwxing surgery. Sce Groudin
et al, Circulation, 42: Suppl 3; 106-111 (1970). It has bocn
found that low doscs of adenosinc. administered post-
opcratively increase graft blood flow without significant
cffect on atrio-ventricular conductance. The administration
of low doses of adenosine for this purpose can be cxrried out
for as Jong as is necessary to afford appropriato graft flows
and reduce risk of occlusion, but ordinarily the period necd
pot exceed 48 hours following surgery.

In a study designed to Investigate the use of adenosine to
inhibit occusion of coronary grafts, nine patients (age
45-685, all taking beta-blockers) were studied during coro-
nary artery surgery. After pramedication, morphine (10-15
mg) and scopolamine (0.4-0.6 mg), anesthesia was induced
by fentanyl (30 mcg/kg.b.w.). Pancuroninm (0.1 mg/kg b.w.)
was given to facilitate epdotracheal intubation. Anesthesia
was maintaincd with fentanyl 0.5 mg/hour, N,O (50%) in
oxygen and droperidol (0.1 mg/kg b.w.). During bypass
thiomeburoal (5 mg/kg b.w.) was given. Nitrous oxide was
not used after bypass. Extracorporeal circulation (BCC) was
pesfored with a roller pump and a Shiley bubble oxygen-
ator primed with crystalloid solution. BCG (modificd V), an
artcial line and 2 Swan-Ganz Catheter were used for moni-
toring and for bemodypamic measurements. Blood flow in
bypass grafts (p=15, intexnal maminary and venous grafis),
was measured with appsopriate sized sqpare wave electro-
magnetic flow probes (Nycotror 732), The study was per-
formed 20-30 minutes after the termination of BECC. After a
control period (5 imin), adcnosine (5.3 mg/ml clinical
solution) was continuously infused in a central vein in order
to induce approximately 10% roduction of mean arterial
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blood pressure (about 30 to 50 pg per kg. per min.). Craft

flow was continuously measured before and during & 10 or

30 minute infusion of adenosine and finally during the

following 5 winvte contro} period, Data are expressed as
s mean ISEM and differences were tested with Stodent’s

paired t-test against the preceding pexiod,

The results of this study are summarized in Table V.

TABLE V
10
CONTROL CONTROL
BEFORE  ADENOSINE AFTER
Mean Asterial 843 T4t 3 8513
Presnure (o) P< 001 P< 0.0
15 Beart Rate 8215 g0t 15 81% 6
(bests/min)
Cardiac Output 48104 56103 53+ 03
(V/min) P< 008 ns
Pulmonary Astery 167+ 12 188 1.2 199% 10
Prosswro
(maan) G
20 RAP (uemi) (mmHg) 47105 5304 581 0.7
Stko Tndex 35.6% 26 388+ 20 .61 2.5
(mdim®) .
Loft Veniricular Swoke 0441 003 0411 003 0491 0.04
Index (Joule/s®) :
Gt flow 4Qts EX VLS
25 mlmic (o= 15} P < 0.001 P< 0001

As s eyldent from Table V, adenosine in a dose of 4914
pg/kg/minute, a level which reduced mean arterial pressure
12%, lncreascd candiac output 12%. and doubled graft flow.
At the same time, heart rate, mean pulmonary atery
pressure, ccatral venous pressure, stroke index and left
veptricolar stroke work index remained essentially
unchanged. Graft fiow ratc was restored to its original value
on termination of adenosine, No arrhythmias were observed.

'This dcmonstrates that iy, adenosine at low rates (30-50
P8 par kg per min) induces a marked and reproducible
increase in graft flow without increased myocardial work,
apparently due to preferential vasodilatory effect of adeuos-
ine in the coronary vasculature,

EXAMPLE V
INCREASED CARDIAC OUTPUT

As is cvident from the forcgoing data, intravenously
infuscd adenosine has the ability to inarease cardiac outpat
without increasing heart work. This is in contrast to other
vasodilstors, such as sodium pitroprusside, which may
reduce candiac output, depending on the hemodynamic
status of the paticnt. As a consequence, adenosine can be
used to stimnlate cardiac output in paticnts with low cardiac
output states, due, for example, to heart surgery, infarct and
the like, This apparently is duc to adenosine’s ability to
reduce after-Joad, without having significant effect on pre-
load. In contrast, nitroprusside reduces both after-load and
pro-load, and nitroglycerine is effective principally (90%) on
reducing pre-load, and has only a maginal cffect on after-
load.

For this application, cffective dosages are intcrmediate
those used for Increased graft Sow and controlled hypoten-
sion, Typically the effective dose is of the order of 40-80
pg/kg/per mioute, The duration of treatment can be as long
as required to support the heart. It also has boen found that,
ob tarmination of the adenosine, cardize ontput, although
Iess than that during treatment with adenosine, frequently
65 remains aboye the cardiac output pricr to treatment.

In this respect, adenosine is of valuc as an adjunct to
dopamine treatment for cardiogenic shock. Dopamine is
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frequently given to paticnts in shock to stimulate beart
action and thexeby increase blood pressure. Adenosine can
be administered with dopamine to modulate peripheral resis-
tapce without compromising systemic blood pressure, and
thus increasc cardiac output.

Adenosine Is unique in jts activity in this respect, because
it is able to rednce aftar-load without significantly increasing
heart rate. In cootrast, agents previogsly used to reduce
cardiac after-load, for example, hydralazine and prazosin,
increase heart rate,

EXAMPLE VI

PLATELET FPROTECTION DURING
CARDIOPULMONARY BYPASS

Continvous infosion of adenosine also has been fourd of
use in protecting platelets during cardiopulmonary bypass.
For such use, it s desired to maintain the adenosine dosage
below that affording significant vesodilation, and a rate of
about 100 pg/kp/min has been found effective. In contrast,
prostacyclin, a prostaglandin used to inhibit platelet
agpregation, is associated with severe systemic vasodilation
and hypotension during coronary bypass surgery.
. Twenty-five patients scheduled for coronary artery bypass

sugery were randomly assigned to two groups—onc with
adenosine infusion (n=13) and the other with placcbo infu-
sion (n=12).

Routine tests of coagulation status were normal in all
paticnts, and nonc was tzking drogs known to affect platelct
function. Intravenous anesthesia was psed, either high-dosc
fentanyl (100-150 pg/kg) or balanced ancsthesia (thiopental,
fentanyl, diazepam and N,0/0,).

Durdng cadiopnimonary bypass (CPB), mean artorial
Hood pressare (MABP) above 70 mimHg was treated with
the vasodilator sodinm nitroprusside (SNP), except in the
final phase or rewamming. CPB was performed with SARN
rollcr pump and a Shiley oxygenator (100A) primed with
2000 m! crystalloid solution (75 mg heparin), The perfusion
mate was kept at approximately 1,8 mlm* body surface.
Modcrate hypothermia (25° C.) was induced. Cardioplegia
was obtained with Ringer’s solution (with added potassiom
up to 20 mM/1). Heparin (3 mg/kg) was administercd as a
bolus injection before cannulation. The heparin effect was
controlled by measurements of activated clotting time,
(Flemocron® Int. Technidyne Corp, USA). This time (ACT)
was >400 scconds in all paticnts during CPB. At the tarmi-
nation of CPB, the hepurin effcct was antagonized with
protamine (c. 1.3 mg/mg heparin), ACT was checked 10-20
win after the protamine injection, ACT values 120 scc were
considered satisfactory.

Platclet coent (Linson 431 A ccll counter) and hematocrit
were determined in artedal samples before anesthesla, after
tharacotomy, during CPB at 10, 20, 40, 60, 80 and 100 xuin,
30 min after CPB and on the postopcrative day. Platelet
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counts were expressed in percentage of preancsthesia levels
and were corrected for hemodilution MABP was monitorcd
continously via a catheter introduced in the radial artery,
All patients received hypertonic mannitol (1-1.5 g/kg) dur-
ing CPB and urin¢ production was calculated as ml/.min of
CPB (Table VI).

Peroperative blood loss and blood transfusions could not
be compared between the groups, due to the smallness of the
scries and the Involvement of many surgeons in the study.
Postoperative blceding was measwred as the blood loss from
the tobe drainage from the end of opcration until the
postoperative morning. One patient in the adenosine group
was excluded becanse of yeoperation for surgicel reasons
(for massive bleeding due to suturc insufBiciency in a graft
anastomosis) within 6 hours after CPB. -

Adcnosine (5.3 mg/ml, clinical solution) was infused at a
rate of 100 pg/kg/min into the saperior vena cava throughout
CPB. The adenosine doso was bascd on five pilot cases in
which a vasodilation dosc-response was obscrved. The high-
est infusion ratc that did not induce systemic vasodilation
was chosen for this sindy. In six cases the plasma adenosine
Ievels were determined by high performance Hquid chroma-
tography (HPLC) (Fredholm and Sollevi, J, Physiol.
(London), 313: 351-67 (1981) in artcrial and in venous
(venous lincs to the oxygenator) blood, The adenosine
mctabolltes inosine, hypoxanthine and urlc acld were also
determined by HPLC. The samples were collected as pre-
viously described (Sollevi, Acta. Physiol. Scand., 121:
165-72 (1984) at the intervals of 10, 20, 40 and 80 minutes
during CPB and 20 mimntes after CPB. '

Results arc summarized in Tables VI and VI, below, in
which data are presented as means 3SEM. Statistical sig-
nificance (controls v. adenosine gropp) was determinted
with Student’s t-test for unpaired data, For significance
within the groups the Wilcoxon Rank Surn test was used.
p<0.05 was regarded as significant.

TABLE VI
—PATIENT DATA
v Adorosine (g perkgpermin)
0 43}

Age, yous 57 (range 47-66) 57 (range 42-74)

s 121 .
CPB-time (min) 95 110 120 £ 10
Prooperstive platclet 162 (range 107-235) 158 (range 106-251)
comty
(x 10° cellvT)
Peroperative urimn 9.7 (21-20) 4.1 (11-55)
production
{(mimin CPB)
Postoperative blood 630 1 60 640 80"
loes (ml)
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TABLE VI
Arterial and Yenous (2M) of
Adenosine and ity Motabolites {n = 6), Bolore,
ing wpd Afler Adenoxige In (0.1 pE %X X

CtB cPB 20
pe-CBP i 20 « a0’ post
Soio,
Adenosine 03+02 37x13% 57323° 45£11* 3I0210' 04102
Toosine 0201 09:103* 24+12° 16£05° 16104 0410
Astery .
Adenosine 030) 07203 08+04° 05%03 04%02 03101
Toostne 02103 13107* 25%10° 12:03* 14%04* 04310)
i 32308 353112 77%314% 53110 50208 42109
Uric Acid 2030 260132 20 +35 250132 W30 260334
esignificantly different from pro-CPB value.
20
70 yumHg. No patlent in the adenosine group requircd
TABLE VIH vasodilator treatment, After CPB the patients in the adenos-
Ine group had slightly lower MABP, but at the end of
*Phhlcl Count, operation there was no intergroup difference, The arine
23 production during CPB was 250 ml/h in the adenosine group
Tine of count Cootol  Adenosine and 500 mi/h in the controls (p<0.01, Table VI). Transient
o e elevation of scrum creatinine levels (10~20% above normal
m”‘ ‘hcn 9% o7 range) was found in two paticats in the adenosine group and
During CVB [Durstion 100 ) onc control patient during two postoperative days. The
- 30 postoperative blood loss did not diffcx between the groups.
30 moimamen » i All patients were cxtubatcd within 24 hours after the
40 maimates 63 85 opcration and all recovered normally. ‘There were no clinical
60 minutes _t;g g; signs of neurologic complications and all the patients were
80 minutes 1 : 3 .
100 miccacs o A i 55 discharged from the hospital.
Pout CPB, time aher infsion of CPB EXAMPLE VI
30 minumes 70 83
24 hours =] 0 ADDITION OF ADENOSINE TO
CARDIOPLEGIA SOLUTION

As showp in Table VIOL, platelet count was similar in the
two groups before anesthesia and was unaltered by ancsthe-
sia and thoracotomy. In the contyol group the platelet count
fell rapidly and maskedly during the first 40 minutes of CPB
and remained significantly reduced during and after CFB.
During adenosing infusion the initial platelet redoction was
small, and was significant only at 20 and 40 minutes on
CPB. From 60 minutes to the end of CPB and at 30 minutes
after CPB the platelet counts were not significantly different
from those before ancsthesia. Throughout CPB and 30
wminutes after CPB there was significant intergroup differ-
ence in platelet counts, On the day after operation the
Platelet counts were markedly reduced in both groups, with
no significant intergroup difference.

As shown in Table VIL, the artexial and yenous adenosine
levels were in the normal range of 0.3 pM prior to CPB. The
adcnosing infusion raised the venous plasma concentration
o 2-10 pM, while the arterial levels were approximately
doubled during the initial CPB period. Only the first adenos-
ine metabalite, inosine, was consistently elevated during the
infusion. )

All parameters had returned to control levels within 20
minutes after CPB.

The mean arterial blood pressure (MABP) did not differ
significantly between the two groups during CPB. In the
placebo group, however, seven patients required sodium
nitroprusside infusion (<5 pg/kg/min) to keep MABP below
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Cardioplegia 15 induced during open heart swrgery in
crder to arrest the heart and to reduce myocardial oxygen
copsumption during cardiopulmonary bypass. This is at
present generally obtained by ice-cooled solution containing
high concentration of potassium (20 pumoVliter, four times
the nosmal serum level) that is infused into the coronary
vesscls, It is well kiown that high concentrations of potas-
siom cffectively induce asystole, but also cause damage on
vescular cndothelium., The latter may lead to permanent
stenosis of cornonary vessels.

The forcgolng data has clearly demonstrated in buman
patients that sdenosine is effective as coronary vasodilator
and preserves circulating platelets, Adenosine is also known
to be incorporated into high encrgy phosphates (ATP) in
various tissues, In addition, it is well known since the carly
wark of Drury and SZent Gyosgyi (J. Physiol (London)
68:213 (1929)) that high coucentration of adenosine can
produce heart block

These four effects of adenosine are all uscful during the
induction of cardioplegia in human paticnts. First, the
vasodilatory effect can counteract the vasoconstrictor effect
of potassium and thereby reduce the time required for
administration of cardioplegia solution. This will give a
more rapid cooling and thexreby more rapid asystoli.
Secondly, the inhibitory cffect of adenosine on platclet
activation can prevent platelet aggregation in the coronary
circulation during this cooling phase. Third, adenosine can
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serve as a substrate and be incorporated into myocardial ATP
during this condition, when the heart is beating without
obtaining adcquate oxygen supply. Finally, the well known
A-Y blocking cffect of high concentrations of adenosine can
be uscd for the induction of asystoli. Then, the potassivm
concentration of the cardioplegia solution can be reduced to
a level that do not damage the vascular cadothelium,

These four effects of adenosine can all be achieved with
a cardioplegia solution containing 0.5-1.5 mg/ml of
ndcnosine, administered into the coronary circulation during
the induction of cardioplegia, Ordinarily, when adenosine is
adminlstered for this purpose through the aortic voot, the
cardioplegia solution will be administered at the rate of 50
t 150 ml/min, over a perlod of abont 10 to about 20
minutes.

EXAMPLE VIII

DECREASING ACUTBE PULMONARY
VASCULAR RESISTANCB

Increased palmonary resistance, ¢.g., pulmonary hyper-
teosion may clinically manifest as a severe disturbanoe of
myocardial function of the right ventdcle, a myocardial
insufficency, and an impaired whole body oxygenation.
Increased pulmonary resistance may be chironie or acute, ic.,
ocour as a conscquencee of surgery, or pulmonary discase.
The present invention is also directed to decrcasing of

rommalizing acute pulmonary vascular resistance and pul-

monary bypertension.

Pharmacological treatment of increased pulmonary vas-
cular resistance or acutc pulmonary hypertcnsion has
focused on using traditional vasodilating agents. These
agents have been shown to have limited effects on pulmo-
nary hypestension. The vasodilatory and hypotensive effects
of thesc agents are primarily systemic, pot Jocalized in the
pulmonary vasculature.

The endogenous vasodilator adenosing, In contrast to
these traditional ageuts, has been shown to be most effective
as a dilator of blood vessels in the organs in animal models
as well as in bumans. In animal and clinical stodies, systemic
vasodilator doses of adenosine have had negligible ar at
most, minor effect on normal pulmonary vascular resistance.
Surprisingly, however, in animal models (pig) whese pal-
monary hypestension bas been induced by lypoxic ventila-
tion during ancsthesia, intravenous adenosine administration
unexpectedly produces a marked reduction in this higher-
than-normal pulmonary vascular resistance, Bven more sur-
prising is the fact that this decrease in pulmonary vascular
resistance occurs at 2 dosage of adenosine lower than that
which exhibits systemic vasodilator cffects. This cffect s
obtained at doses of adeposine that commonty do not result
1n detectable vasodilater effocts or effects on cardiac output
or arterial oxygen function,

1 is beleved that adenosine can exert its vasodilatory
hypotensive effects in the pulmonary circulation without
inducing systemic vasodilation because of its extremely
rapld climination in the blood stream (T1/2 less than 10
seconds), Thus, & dose titration of adenosine can be
peformed, producing effects in the pebmonary vasculature
without producing systemic offects at lcast in part because
the adenosine is climinated befare it reaches the resistance
vessels of the systemic vasculature.

The expocted suitsble iofusion rate of adenosine in
bumaps to normalize pulmonary vascular resistance is typi-
cally 10-30 micrograms per kilogram of body weight

15
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(0.010-0.030 mg. per kg. per minutc). As a general rule, the -
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concentration of the adenosine in the infusion solution is at
Ieast about 5 millimol (1.5 mg/ml) and may be as high as the
solubility Himit of sdenosine (about 20 millimol or 5.5-6
mg/ml), However, in small children, the concentration of
adenosine in solution may be as low as 0.1 mg/ml,

Preferably, to cffectuate the maximum pulmonary
hypotensive effect, the adenosine solution is administered by
infusion through a catheter to maximize the exposure of the
pulmonary vasculahure to adenosine, This Is done by infus-
Ing the adesosive solution into a central veln such as the
superior vena cava, or alternatively, Into the right atrium. As
the adenosine solution Is infused, the pulmonary vascular
resistance is monitored to dztermine the effect of the adenos-
inc, Infusion of adenosine is mnaintained notil pulmonary
vascilar resistance returns to nonpal Ievels or until there is
no further evidence of decreasing pulmonary vascalar rosis-
tance, Adeposine infusion may, of coarse, be continued for
petiods of time within practical limits in particularly difficult
cases of higher-than-normal pulmonary vascular resistance.
Using this sclectiye polmonary cffect of adenosine, low
infusion rates may be uscd for the treatment of acute
postoperative pulmonary hypertension that occurs in
paticots after heart transplant sorgery or in other surgeries.

EXAMPLE IX

DECREASING PULMONARY VASCULAR
RESISTANCE IN CONJUNCTION WITH
IDIOPATHIC RESPIRATORY DISTRESS

SYNDROME

Adcenosine infasion as described {n example VII may
also be used to normalize pulmopary vascular resistance
pulmonary hypertension) in children with idiopathic respi-
ratory distress syndrome (IRDS).

Such treatment may be pedformed by infusing the low
doscs of adenosine as described in example VI into the
paticot’s pulmopary vasculatare, ¢.g. via catheter introduced
in the pulmonary artery for a period sufficicnt to lower
pulmonary vascular resistance. The catheter’s position
should be distal to the ductus arteriosus; This way, adenosine
docs pot enter the systemic circulation, Preferably, pulmo-
pary vascular resistance shonld be lowered to within normal
ranges, Thus, adcnosine infusion should be maintalned for a
period sufficicnt to normalize pulmonary vascular resis-
tance. This cag be done by monitoring pulmonary vascular
resistance during the infosion process, sud maintaining
infusion watil pubmonary vascular resistance levels fall to
normal. In difficult cascs, adenosine infusion may be mein-
tained for periods of time within practical lmits.

EXAMFLE X

A METHOD OF DIAGNOSING THE
OPERABILITY OF THE PULMONARY
YASCULATURE IN PATIENTS EXHIBITING
PULMONARY HYPERTENSION IN
CONJUNCTION WITH CARDIAC SEFTUM
DEFECTS

In children with myocardial septum defects (Vithmm
Organienm Cordis, VOC), who also exhibit pulmopary
hypertcnsion, adenosine infusion provides a means by which
the value of surgically repairing septum defects can be
determined. Adenosine induced reduction of palmonary
vascalature resistance may be a rapid and shuplified tech-
nique for the evaluation of the uscfvlness of surgical repair
of septum defects, This techniquoe is a welcome diagnostic
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toc) sinco paticnts with septum defects having severe mor-
phological damage of the pulmonary vasculature causcd by
pulmonary hypertension would not nowrnally be responsive
% adenosine vasodilation. This condition is not improved by
surgical repair of the VOC.

The methodology comgrises infusing an adenosing solu-
tion (infusion ratc of 0.010-0,030 mg. par kg. per minute
with a concentration of about 1.5 mg/ml. to about 5.5-6.0
mg./ml.) into the blood stream of a patient to maximize the
exposure of the paticot’s pulmonary vasculature to adenos-
ine, This can be done by infusing a solution of adenosine
into & ccntral vein, for example, the superior vena cava, or
alternatively, into the right atriwn. ‘The blood pressure in tho
lung artery is then measured before and after administration
of the adenosine as per the previously described technique in
cxamples I and VI (cannula introduced in the anery). A
decrease of arterial blood pressure is indicative of a reduc-

15

tion of the pulmonary vascular resistance and this, in torn, §5 -

an indication that the pubmonary vascolature will respond to
surgical repair of the VOC, On the other hand, if there is no
decrease in arterial pressure, then this would be indicative of
morphological damage of the type that would not be
improved by surgery. _

An alictostive to measuring a decrease in mean artexal
pressure is to mcasurc hoart minute volume. In this
technique, the heart mibute volume is measured (same
tcchnique as described above in Example 1) during admin-
istration of adencaine for 2 time period long enough to
observe the presstre or flow change in heart volume, An
increasc in beat minute volume would indicate that the
operabllity of the pulmonary vasculature hid pot been
impaired, and that the cardinc scptum defects could be
corrected with surgery. No change would indicate the sep-
tum defects could not be corrected with sorgery.

EXAMPLE X1

ADENOSINE IN PERCUTANEOUS
TRANSLUMINAL CORONARY ANGIOPLASTY

A mcw method of treating coronary artery discase in
human beings is effected by inserting a special cathetes,
oquipped with an inflatable balloon, into a coronary artery
which has an anglogmpbically demonstrable stenosis, The
procedize, kmown as percotancous transluminal coropary
angioplasty (PTCA), Is executed as follows: under radio-
logical coutrol, the balloon of the catheter is placed in the
stenosed part of the vessel. The balloon is inflated several
times, cach time with increasing pressures, and for a dura-
tion of 1 minute. Thereafter, the catheter is withdrawn from
coropary circulation and the flow through the so treated
vessel is checked by means of coronary agniography. The
resultant widening of the discased part of the coronary
vesse] leads to cracks in the intimal cell layer of the vessel,
This trauma Icads to activation of biochemical processes
Jeading to local production of sobstances able 1o constrict
the vesscl, as well as activating platelets, which are circn-
lating in the blood, in such a way that they are more casily
depoxited on the site of the previous steposis, Such a platelet
deposition is the first initiation of the coagulation process,
which ultimately can lead to the formation of a blood clot.
All thesc events act in conjunction to counter the intended
cffect of the PTCA treatment, and may whtimately lead to a
re-occlusion of the vessel, During the period the PTCA
procedure has been in widespread use, re-occlusions have
been found to ocour within 6 montbs of treatment in 25% or
mare of the cases. It is genexally agroed that 5-10% or more
occw ip the first few days after trestmacent,
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In order to Jessen or prevent the negative eifects of PTCA

“described above, vasodilating substances such as

nitroglycerine, soditn nitroprusside, and the like, as well as
platelet inhibiting substances and substances preventing
blood coagulation such as acetylsalicylic acid, dipyridamol,
heperin, coumarin and warfarin, have been administered to
the paticnt before and afier the procedure. Howeves, all these
substances have actions that are cither too potent to be safe
in conjunction with the PTCA procedure, since blecding
complications from the catheter puscture sites may occur, or
too weak or unpredictable to be fully cffective,

Adcnosine may be used cifectively In conjunciion with
PTCA because it possesses a unique combination of ben-
cficial properties which all work to antagonize the compli-
cating reactions described above, It has a potent vasodilatary
cffect on the coronary circulation which enables good blood
flow through the treated vessel, which in turn prevents
platelet deposition on the traumatized vessel site. In
addition, adcnosine antagonizes the action of locally pro-
duced vaso-constrictor substances, Adenosine also has an
inhibiting cffect oo platelet aggregation, which farther inhib-
its the chances of clot formation in the treated vessel, These
cffects are further enhanced by the ability of adenosine to

inhibit presynaptic nearal suechenisms regulating the release,

of catecholamines from nerve endings of the sympathetic
nexvolls system which, 25 s well known, have conscquences
that all work for clot formation.

The adenosine dosage anticipated to be effective in this
context is typically from 10 to 100 microgram of adenosine
per ldlogmm per minute, Since the PTCA procedure is
perfarmed in an awake paticnt higher doscs will gencrally
not be employed, since such doses ptoduoc symptoins such
as facial Bushing, neck and chest oppression, palpitation and
increased rate of respiration in an awake patient which,
althongh not harmful or life-threatening, nonctheless should
be avaided because they may induce anxicty,

Adcposine is preferably administered into a peripheral
vein such as the femoral vein or brachial vein. Preferably,
administration is begun shortly, e.g., 2 few minutes, before
PTCA and continued for the duration of the PTCA and for
several hours, ¢.g., 24 hours after PTCA.

The adenosine treatraent may be glven 1o patients under-
going the PTCA treatment under current medication with
other enti-anginal drags, such as adrencrgic blocking drugs,
calcinm antagonists, diurctics, digitalis glycosides, angio-
tension converting enzyme inhibitors, antthypedipidemic
drugs, nitrate compounds jncluding nitroglycesin or other
vasodilatory compoands,

EXAMPLE X1I

ADENOSINE IN CORONARY THROMBOLYSIS

A recent advance in the treatment of acute myocardial
infarction is by mcans of introducing substances in the
bloodstream to dissolve the clot(s) in the coronary
circulation, which in most cascs are the cause of the diseased
state, This procedure, which is gencrally refewed to as
coronary ﬂumnbolysis (CTL), Is performed by introducing
streptokinase, urokinasc or tissuc plasminogen activator,
either ininvcnously or directly into the coronary circulation.
AR of the advantages noted sbove for use of adeposine in
PTCA are also applicabls to the CTL procedures now in use,
or which may be used in the future, since the same vascular
and plateles reactions which occur with PTCA also occur in
CTL once the thrombolysis has been achieved. In the CTL
context, however, it may be advantageous to administer the
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adenosine concomitanily with the thrombolytic agent, cither
scpavately or premized with it in a fixed solution, such
premixed solution being a further aspect of this invention,
When the two agents are administered separately, it is
desirable but not essential that the indtiation of administra-
tion of cach be simultamcous, For example, administration of
the adenosine may be initiated beforo administration of the
thrombolytic agent.

IN CTL, as io PTCA, adenosine may be administered
intravenously at the same dosage as with PTCA. R is
recognized that, doc to the very bref balf-life of adeposine,
the dosc is depeadent on the site of administration. For
exaropie, 8 30-milligram dose of adenosine pex kilogram per
minute given in the sight atrium of the heart provides very
similar effects to a 50-milligram dose of adenosine per
kilogram per minute glven in a foreann vein. It Is conceiy-
able that in CTL procedures, adenosine may be given
directly in the coronary circulation, The dose then necded to
achiove the same cffects as described with intravenous
administration would then be expected to lie in the range of
5 to 30 microgram of adenosine per klogram per minute.

EXAMPLE XII

ADENOSINE IN THE DIAGNOSIS OF
CORONARY HEART DISEASE BY
RADIONUCLEIDE SCINTIGRAPHY

In the diagnosis of coronary heart disease, modem tech-
niques include visualization of myocardial irigation by
means of injecting short-lived radio-isotopes, such as
thallivmn-201, into the blood-stream and record, by means of
a2 gamma-radiation detector, the activity over the heart
muscle.

%t has been shown that an injection of the vasodilator
dipyridarnole can augment the redistribution of flow within
the heart muscle 20 that those arcas fidgated by stenosed
yessels may be better visualized, The mechanism behind this
is the so-called “steal” phenomenon: with a gencralized
maximal vaso-dilation of the heast muscle, relatively more
blood will flow through the vessels not stenoscd ar con-
strdcted in any other way, thereby “stealing” the flow from
the arca supplicd through a stenosed vessel

Dipryridamol is an adenosine wptake inhibitor, which
means it prevents adeposine from crossing the cell/
membranes of the red blood cells from tho plasma to the
intedor (the pormal, rapid main pathway for adenosine
climination from plasma), thereby increasing the adenosine
levels in plasma. Most data concerning the mechanism of
action of dipyridamole’s vasodilatory effect in fact sopport
the vicw that it is solcly due to adenosine vasodilation.

In a further aspect of this fuvention, adenosine can be used
Instead of dipyridamolc in the diagnostic test described.
would in fact bo an advantage to use adenosing insofar as it
can be dosed exactly and doso-titrated to 2 precise effect,
whereas with dipyridamole, the adenosine levels are unpre-
dictable, Thus, a safer and more reliable test can be expected
if adenosine is used,

The exact dose will narmally have to be titrated individs-
ally but should lic In the range of 10 to 150 micrograms per
kilogram per minute,

'This iavention has been desaribed in tarms of specific
embodiments stt forth in detail herein, but it is to bo
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understood that these are by way of illustration and the
Invention is vot necessarily limited thereto. Modifications
and variations will be apparent from the disclosure and may
be resorted to without departing from the sphrit of the
invention as those of skill in the art will readily understand,
Accordingly, such variations and modifications are consid-
ered to be within the purview and scope of the invention and
the following claims,

‘What is claimed is:

1. A method of selectively vasodilating the arteries of a
human paticat without inducing significant venous dilation
and without pretreatment with dipyridamole, comprising
continuously administering into the blood stream of said
patient adenosine at a rate of administration of 0.35 milli-
grams of adenosine per kilogram body welght per minute, or
less.

2. A method according to claim 1 in which adenosine Is
administered to an anesthetized paticnt undergoing sucgery,

3. A method of selectively vasodilating the arteries of a
buman patient without inducing significant venous dilation
and without pretrestment with dipyridamole, comprising
continuously administering into the blood stream of said
patient by intravenous administration about 0.05 milligrams
to about 0.30 milligrmms of adenosine per kilogram body
weight per minute.

4. A method according to clabn 3 in which adenosine is
administered to an anesthetized patient undergoing surgery.

' 5. In a surgical method carled out on & paticm under
general anesthesia the improvement comprising continu-
ously administering into the blood stream of said paticot
adenosine in an amount sufficient to sclectively vasodilate
the arterics of sald patient without pretreatment with
dipyridamole, at a rate of administration of 0.35 milligrams
of adenosine per kilogram body weight per minwie, or less.

6. In a method as claimed in claim 5, the improvement
further comprising continuously administcring inio the
biood stream of said patient adenosine at a rate of from 0,05
to about 0.3 milliprams of adenosine per Klogram of body
weight per minute.

-7, A method of sclectively vasodilating the arterics of a
human patient without inducing significant venous dilation
and without pretreatient with dipyridameole, comprising
continuously administering into the blood stream of said
paticnt adcnosine at a rate of administration of 0.01 to 0,15
milligrams of adenosine per klogram body weight per
minute.

8. A mrthod for selectively vasodilating the arteries of an
ancsthetized human paticot without inducing significant
venous dilation and without pretreatment with dipyridaimole
comprising continuously administering into -the blood
stream of said patient by Intravenous administration sbout
0.2 milligrams to about 0.35 milligrams of adenosine per
kilogram body weight per minute.

9. A mcthod for inducing a reduced sfterioad in the
vascular system of 2 buman without reducing the preload
and without pretrcatment with dipyridamole, the method
compsising continnowusly administering into the blood
stream of sald patient adenosine at a ratc of administration
of 0.35 milligrams of adenosine per kilogram body weight
per minute, or less, -
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[57} ABSTRACT

The parenteral use of adenosine, functional adenosine
receptor agonists which include 1-methyl-2-phenyle-
thyladenosine, 5-ethyl carboxamide adenosine, cyclo-
pentyl adenosine’ and 2-chloro adenosine; metabolic
precursors or by-products of adenosine which include
adenine and inosine; and phosphorylated derivatives of
adenosine including adenosine monophosphate, adeno-
sine diphosphate and adenosine triphosphate in con-
Jjunction with various invasive and noninvasive diagnos-
tic techniques to detect the presence or assess the sever-
ity of vascular discase is a novel application (indication)
for these compounds and forms the basis of this patent
application, :
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NOVEL METHOD OF MYOCARDIAL IMAGING

This. application is a continuation-in-part of applica.
tion Ser. No. 23),217 filed Aug. 11, 1988 now aban-
doned. .

BACKGROUND OF THE INVENTION

Several invasive and noninvasive techniques are used
to assess patients with known or suspected coronary
artery disease. Included among the noninvasive meth-
odologics are electrocardiography, radionuclide angi-
ography (first pass and equilibrium studies utilizing, for
exaruple, technecium 99 m labeled red blood cells),
myocardial perfusion scintigraphy (utilizing positron
emitting radiopharmaceuticals, for example, thallium.
201, rubidium-82, nitrogen-13), and echocardiography
M mode and two dimensional). The manifestations of
coronary artery disease are a function of the balance
between myocardial oxygen supply and demand, Al
though these noninvasive procedures may be per-
formed In & resting subject, there may not be sufficient
imbalance between supply and demand to detect abnor-
malities at rest. Therefore, provocative studies are fre-
quently performed to improve the predictive accuracy
of these diagnostic proc Jures: The most commonly
employed provocative (stress) technique utilizes a stan-
dard exercise protocol. Under conditions of exercise
myocardial oxygen demand is increased to exceed sup-
ply. This form of stress testing is commonly employed
in conjunction with clectrocardiography, radionuclide
angiography, myocardial .perfusion scintigraphy,
echocardiography, and contrast ventriculography.

Recently, provocative studies have been developed
utilizing pharmacological techniques designed to in-
crease myocardial oxygen supply. Specifically, coro-
nary vasodialators (e.g. nitrates, papavarine, dipyrida-
mole, etc.) have been used for this purpose, although
none have been approved by the FDA for this specific
indication. While the mechanism is not clear, these
agents may dilate normal vessels to'a grezter cxtent than
diseased vessels, establishing a shunt or “myocardial
steal”’. Pharmacological provocation may be partico-
larly useful in patients who are unable to exercise, and
may be equal to or superior to exercise provocation in
patients capable of exercising. Furthermore, since exer-
cise increases demand and coronary vasodilators in-
crease supply, it is possible that the highest diagnostic
yield will accrue when they are psed in conjunction
with one another,

Coronary arteriography is an invasive procedure

-which currently represents the “gold standard” for
confirming the diagnosis of coronary artery discese.
However, this procedure only establishes the anatomi-
cal severity of the disease and provides little informa-
tion concerning the functional significance of visible
lesions. Furthermore, small vessel discase may be pres-
ent and beyond the resolution of currently availabie
equipment. Recently, in an attempt to establish the func-
tional significance of coronary lesions, coronary vasodi-
lators have been edministered by intracoronary injec-
tion or intravenous infusion and coronary blood flow is
measured by one of several techniques, such as doppler
flow catheters, videodensitometry, coronary sinus ther-
modilution, and radionuclide clearance of inert gases,
These techniques are becoming more widely used to
measure coronary flow reserve (i.e. reserve capacity)
which provides important information concerning the
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functional significance of stenotic vessels. Although

nitrates, papaverine, and dipyridamole have been used

by some physicians for this purpose, no vasodilator has
been approved by the FDA for this specific indication.
The use of adenosine, 1-methy)-2-phenylethyl-adeno-
sine, 5-ethyl carboxamide adenosine, cyclopenty) aden-
osine 2-chloro adenosine, adenine, inosine, adenosine
monophosphate, adenosine diphosphate, or adenosine
triphosphate, in conjunction with the above stated tech-
niques to measure coronary flow reserve and assess the
functional severity of stenotic vessels represents 2 novel
application (indication) of our compound.

SUMMARY OF THE INVENTION

Bricfly, the present invention comprises 2 method of
detecting the presence or assessing the scverity of vas-
cular disease which includes the administration to the
human host of an effective dilating amount of adeno-
sine; functional adenosine receptor agonists (eg, §+
methyl)-2-phenylethyladenosine, S-ethyl carboxamide
adenosine, cyclopentyl adenosine or 2-chloro adeno-
sine); metabolic precursors or byproducts of adenosine
(¢.g., adenine and inosine); and phosphorylated deriva-
tives of adenosine (c.g., adenosine monophosphate,
adenosine diphosphate, or adencsine triphosphate), in
conjunction with invasive or noninvasive techniques.

It is an object of this invention to provide 8 new
diagnostic method to aid in the determination of the
extent and severity of heart disease.

It is a further object of this invention to provide a
new radioimaging technique for the coronary arteries,

More particularly, it is one object of this invention to.

provide an improved method of radicimaging the coro-
nary arteries.

It is one significant object of this invention 1o provide
wash out times for the radiolabeled agents used in
stress-free cardiac imaging which are comparable 10 the
wash out times presently auainable only In stress or
exercisc radioimaging tests,

These and other objects and advantages will be ap-
parent from the more detajled description which fol-
Jows.

DETAILED DESCRIPTION OF THE
INVENTION

Adenosine is chemically designated as 9-8-D-
ribofuranosyl-9H-purine-6-amine; 6-amino-9-8-D-
ribofuranosyl-9H-purine; 9-8-D-ribofuranosidoadenine;
adenine riboside,

Adenosine is & nucleoside widely distributed in na-
ture. factured from yeast nucleic acid. It is practically
insoluble in alcohol. Crystals form from water, mp
234°-235%, [a]1—61,7° (c=0.706 in water; [a}?—58.2°
(c=658 in water). uv max: 260 nm (€15,100).

The structura) formula is as follows:
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—continued aging 1o detect the presence and/or assess the severity
of coronary arter disease in humans wherein myocardia)
Crol1N30, 267.24 perfusion imaging is performed by any one of several
Empirical Formula Molecvlar Weight

This invention utilized adenosine administration as 2
pharmacclogical stressor in conjunction with any one
of several noninvasive diagnostic procedures available.
For cxample, intravenous adenosine may be used in
conjunction with thellivm-201 myocardial perfusion
imaging to assess the severity of myocardial ischemia.
In this case, anyone of several different radiopharma-
ceuticals may be substitsted for thallium-201 (e.g.
Tubidivm-82, technitium 99m, derivatives of technitium
99m, nitrogen-13, iodine 123, ete.). Similarly, adenosine
may be administered as a pharmacological stressor in
conjunction with radionuclide anglography to assess
the severity of myocardial dysfunction. In this case,
radionuclide angiographic studies may be first pass or
gated equilibrium studies of the right and/or Jeft ventri-
cle. Similarly, adenosine may be administered as a phar-
macological stressor in conjunction with echocardiog-
raphy to assess the presence of regional wall motion
abnormalities. Similarly, adenosine may be adminisiered

‘as a pharmacological stressor in conjunction with inva-

sive measurements of coronary blood flow such es by
intracardiac catheter to assess the functional signifi-
cance of stenotic coronary vessels,

This invention typically involves the administration
of adenosine by intravenous infusion in doses which are

cffective to provide coronary artery dilation (approxi-

mately 20-200 mcg/kg/min). However, its use in the
invasive setting may involve the intracoronary adminis-
tration of the drug in bolus doses of 2-20 mcg. The
adenosine used in this invention is normally admixed

with any pharmaceutically suitable carrier or carriers 3
- such as saline, dextrose, water, or any other carrier

customarily used for the type of administration in-
tended. The solution may contain the active ingredient
in & widely varying amount, for example, from about }
mg/ml to about 12 mg/ml. .

These doses increase coronary flow approximately
4-5 times resting values. Unlike papavarine which in
this setting frequently causes QT interval prolongation,
significant electrocardiographic or systemic hemody-
namic ebnormalities have not been observed. Adenosine
is a superior vasodilator for this purpose.

The practice of this invention is applicable to radio-
pharmaceuticals generally, and specifically to those
mentioned hereinabove,

Contemplated as equivalents of adenosine in the prac-
tice of this invention are analogues, derivatives, meta-
bolic precursors or by-products or conjugates intended
to function as agonists of the adenosine receptor respon-
sible for mediating vasodilation, This appears to be the
A2 receptor subtype. Several analogues of adenosine
have been developed which appear to have greater
affinity or specificity for the Az receptor, These include
primarily the Ng substituted derivatives and the 2-car-
bon derivatives such as I-methyl-2-phenylethyl-adeno-
sine, 5-ethyl carboxamide adenosine, cyclopentyl aden-
osine, 2-chloro adenosine, etc.

The following methods are preferred embodiments of
our invention,

The method comprising the use of an agent which is
adenosine, functional adenosine receptor agonists, met-
abolic precursors or by-products of adenosine, or phos-
phorylated derivatives of adenosine as a substitute for
exercise in conjunction with myocardial perfusion im-
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techniques inchuding radiopharmacewtical myocardial
perfusion imaging, planar (conventional) scintigraphy,
single photon emission computed  tomography
(SPECT), positron emission tomography (PET), nu-
clear magnetic resonance (NMR)imaging, perfusion
contrast echocardiography, digital subtraction angiog-
raphy (DSA), or ulirafast x-ray computed tomography
(CINE CT).

The method comprising the use of an agent which is
adenosine, functional adenosine receptor agonists, met-
abolic precursors or by-products of adenosine, or phos-
phorylated derivatives of adenosine as a substitute for
exercise in conjunction with imaging to detect the pres-
ence and/or assess the severity of ischemic ventricular
dysfunction in humans wherein ischemic ventricular
dysfunction is measured by any one of several imaging
techuiques including echocardiography, contrast ven-
triculography, or radionuclide angiography.

The method comprising the use of an agent which is
adenosine, functional adenosine receptor agonists, met-
abolic precursors or by-products of adenosine, or phos-
phorylated derivatives of adenosine as a coronary hy-
‘peremic agent in conjunction with means for measuring
coronary blood flow velocity to assess the vasodilatory
capacity (reserve capacity) of coronary arteries in hu-
mans whercin coronary blood flow velocity is mea-
sured by any one of several techniques including Dop-
pler flow catheter, digital subtraction angiography or
other radiopharmaceutical imaging technique.

The following Examples are to illustrate the inven-
tion, and are not intended to limit the invention.

EXAMPLE 1

As sct forth in this example, the effects of intravenous
adenosine as a pharmacological stressor in conjunction
with thallium 201 scintigraphy were evaluated. In the
first set of experiments, adenosine was compared 1o
exercise in a crossover study design vsing planar {con-
ventional) thallivm 201 scintigraphy in a population of
20 healthy normal volunteers, In the second set of stud-
ies, adenosine was compared to dipyridamole in a cross-
over study design using planar (conventional) thallium
201 scintigraphy in a population of 26 subjects (12
healthy volunteers and 14 patients with angiograph- .
ically documented coronary artery disease), In the third
set of experiments, adenosine was evaluated using thal
livm 201 single-photon cmission computed tomography
(SPECT) in'a population of 33 patients (18 norma) sub-
Jects and 15 patients with angiographically documented
coronary artery disease).

In the first set of experiments, 20 healthy normal
volunteers (age 19-39 years) underwent planar (con-
ventional) stress/redistribution thallivm 201 scintigra-
phy twice (in a random crossover design). One study
coployed maximum treadmill exercise (Bruce protocol)
as the methed of stress and the other study employed an
intravenous infusion of adenosine as the méthod of
stress. Heart rate, blood pressure and a 12-lead clectro-
cardiogram were monitored throughout the study. The
excrcise stress test was conducted in standard fashion,
The adenosine stress test employed a constant infusion
of adenosine initiated at 20 meg/kg/min. The infusion
was doubled at intervals to a maximum dose of 140
mcg/kg/min. The maximum tolerable dose was admin-
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istered for at least 5 minutes prior to' a single bolus
injection of thallium 201 (epproximately 2.0 mCi). Early
(stress) imaging was performed 5-10 minutes afier the

thallivm injection and delayed (redistribution) imaging -

was performed 34 hours zafter thallium injection. The
adenosine infusion was continued to the end of garly
imeging. Early and delayed imaging each consisted of 3
sets of images (left arterior oblique, anterior and Icft
lateral projections). The imeges were scquired and
reconstructed in standard fashion. The adenosine infu-
sion was well tolerated in all subjects. The exercise
stress images and the adenosine stress images were in-
terpreted as normal (i.e., no perfusion defect detected)

in all subjects. This experiment indicates that adenosine”

compares favorably to exercise in detecting normalcy
by planar thallium 20} scintigraphy.
In the second set of experiments, 12 healthy normal

. volunteers and 14 patients with angiographically docu-

menled coronary astery disease underwent planar (con-
ventional) stress/redistribution thallium 20) scintigra-
phy twice (in 8 random crossover design), One study
employed oral dipyridamole (300 mg) as the method of
stress and the other study employed an intravenous
infusion of adenosine as the method of stress. Dipyrida-
mole stress imaging was performed in standard fashion
and adenosine stress imaging was performed as de-
scribed above, Again, the adenosine infusion was well
tolerated in all subjects. The sensitivity, specificity and
overall predictive accuracy for detection of coronary
artery disease was 88.8%, 87.5% and 88.0%, respec-
tively, with adenosine imaging, and 77.7%, 82.6% and
80,5%, respectively, with dipyridamole imaging. The
positive predictive value of adenosine and dipyridamole
imaging was 84.2% and 77.7% respectively, This study
indicates that adenosine imaging is safe and may be
superior to dipyridamole imaging for the accurate de-
tection of angiographically significant coronary artery
disease.

In the third set of experiments, 15 patients with angio-
graphically documented coronary artery disease and 18
subjects with cither angiographically normal coronary
arteries (n=28) or healthy normal volunteers (n=10)
underwent thallium 201 myocardial perfusion imaging
using single photon emission computed tomography
(SPECT). In all subjects, only an infusion of adenosine
was employed as a method of stress. The adenosine
infusion was initiated at 50 mcg/kg/min and titrated at
1 minute intervals by increments of 25 mcg/kg/min to a
maximum dose of 140 mcg/kg/min. The meaximuvm
tolerable dose was maintained for at least 1 minute prior
to and 3 minutes subsequent to a single bolus injection
of thallium 201 (approximately 3.0 mCi). Early (stress)
imaging was performed 5-10 minutes post-thallium and
delayed (redistribution) imaging was performed 3-4
hours post-thalliom. The SPECT images were acquired
and reconstructed in standard fashion. Side effects oc-
curred in 76% of the subjects, but were usually mild,

did not require therapy and ceased instantly afier dis-

continuing the adenosiene infusion, Chest pain occurred
in 53%, headache in 34% and cutancous flushing in
15%. Dose-dependent decreases is systolic blood pres-
sure (hypotension) and reflex increases in heart rate
were common. Perfusion defects were detected during
adenosine stress imaging in all 15 patients with known
coronary artery discase and these defects were revers-
Ible in 9 (sensitivity =100%). The adcrosine stress im-
ages were interpreted as normal in 16 of 18 presumed
bealthy subjects (specificity =89%). This study indi-
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6
cates that adenosine-induced coronary vasodilation is a
safe, convenient, and potent intervention to uncover
perfusion defects during SPECT thallium scintigraphy
in patients with coronary artery disease.

EXAMPLE I

As set forth in this example, the cffects of intravenous
adenosine as a pharmacological stressor in conjunction
with echocardiography were evaluated.

Fificen patients with a positive exercise (stress)
SPECT thallium 201 tomogram were selected for this
study. The tomogrephic perfusion defect was fixed
(irreversible) in 6 subjects and reversible in 9 subjects.
Subsequently, these patients underwent standard 2-
dimensional echocardiographic studies under condi-
tons of rest (baseline) and during an intravenous infu-
sion of adenosine as previously described (Example I,
3rd set of experiments). Echocardiographic studies
were performed over a 1 minute period prior to the
adenosine Infusion (baseline), during maximum adeno-
sine infusion (140 meg/kg/min), and 3 minutes after the
cessatlon of the adenosine infusion. ANl echocardio-
graphic studies included parasternal views (long axis
and short axis at the level of the mitral valve, papillary
muscles and apex) and apical views (4-chamber, 2-
chamber and apical long axis). All echocardiogrpahic
images were interpreted by standard qualitative and
quantitative technigues. The echocardiographic images
obtained at rest were interpreted as norma) in all sub-
Jjects. However, left ventricular wall motion abnormali-
tes were detected during adenosine (stress) studies in al)
6 patients with fixed thallium perfusion defects. Left
ventricular wall motion remained normal during the
adenosine infusion in all patients with reversible thal-
lium perfusion defects. This study indicates that adeno-
sine may be a useful pharmacological stressor for the
detection if ischemic ventricular dysfunction as assessed
by echocardiography.

EXAMPLE Il

As set forth in this example, the cfiects of intravenous
and intracoronary adenosine as a pharmacological
stressor in conjunction with measurements of coronary
blood flow reserve (CBFR) were evalusted at the time
of coronary arteriography using a Doppler flow cathe-
ter.

Ten patients with an angiographically normal left

coronary artery were studied at the time of diagnostic .

coronary arteriography. A 3F Doppler catheter was
positioned in the left coronary artery to measure coro-
nary blood flow velocity (CBFV), and mean arterial
pressure, heart rate and the ECG were simultancously
recorded. Following repeated measures of baseline
CBFY, incremental doses of intracoronary papaverine
(8-12 mg boluses), intrecoronary adenosine (4-14 mcg
boluses) and intravenous adenosine  (70-140
mcg/kg/min infusions) were administered in crossover
fashion. Each drug was titrated to the maximum coro-
nary hyperemic response. While the ECG intervals
were unchanged during adenosine administration, pa-
paverine routinely prolonged the QT interval (mean
962:18 msec). Relative to papaverine, maximum coro-
nary hyperemic responses (45 fold increases in CBFV)
were achieved with 14 mcg intracoronary bolus doses
of adenosine, as well as 140 mcg/kg/min intravenous
infusions of adenosine. Compared to papaverine, maxi-
mal coronary hyperemia occurred sooner with adeno-
sine (10 vs 20 seconds) and resolved sooner with adeno-
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19. A meihod of detecting the presence and assessing
the severity of coronary artery disease in a human com-
prising the steps of: |

(a) administering by sn intracoronary route 10 said
human about 2 mcg to about 20 mcg of an adeno-
sine receptor agonist sufficient 10 provide coronary
srtery dilation; -

(b) administering a radiopharmaceutical agent into
said human; and .

(c) performing radiopharmacentical myocardial per-
fusion imaging on s2id human in order to detect the
presence and assess the scverity of coronary artery
discase.

20. The method of claim 17 or 19, wherein said adén- ’

osine receptor agonist is selected from the group con-
sisting of adenosine, }-methy}-2-phenylethyl-adenosine,
5-ethyl carboxamide-adenosine, cyclopentyl adenosine,
2-chloro adenosine, adenosine, inosine, adenosine mo-
nophosphate, adenosine diphosphate end sdenosine
triphosphate. :

21. The method of claim 17 or 19, wherein said redio-
pharmacentical agent is selected from the group consist-
ing of thallium-20), technetivm-99m, derivatives of
technetiumn-99m, nitrogen-13, rubidium-82 iodine-123
and oxygen-15.

22. The method of claim 17 or 19, wherein said radio-
pharmaceutical myocardial perfusion imaging 5 se-
lected from the group consisting of scintigraphy, single
photon emission-computed tomography (SPECT), posi-
tron - emission tomography (PET), nuclear magnetic
resonance (NMR) imaging, perfusion conirast echocar-
diogrephy, digita) subtraction angiogrephy (DSA) and
ultrafast X-ray computed tomography (CINE CT).

23, The method of claim 17, 19 or 18, wherein said
sdenosine receptor agonist is sdenosine.

24, The method of claim 20 wherein said adenosine
receptor agonist is adenosine.

25. The method of claim 21 wherein said radiophar-
maceutical agent is thalliom-201.

26. The method of claim 22 wherein said radiophar-
maceutical myocardial perfusion imaging is scintigra-

hy.
P 27. A method of detecting the presence and assessing
the severity of ventricular dysfunction caused by coro-
nary artery disease, in a human, comprising the stcps of:

(a) administering by an intravenous route to said

human sbout 20 mcg/kg/minute 1o about 200
mcg/kg/minute of an adenosine reccptor agonist
sufficient to provide coronary artery dilation;

(b) performing a ventricular function imaging tech-

nique on said human; and

(c) determining the presence and asscssing the sever-

ity of ventricular dysfunction.
. 28. A method of detecting the presence and assessing
. thé severity of ventricular dysfunction caused by coro-
nary ertery disease, in a human, comprising the steps of:

{a) administering by an intravenous route to ssid

human about 2 mcg to about 20 mcg of an adeno-
sine receptor agonist sufficient to provide coronary
artery dilation; )

(b) performing a.ventricular function imaging tech-

nigue on said human; and .

(c) determining the presence and assessing the sever-

ity of ventricular dysfunction,

29. The method of claim 27 or 28, whereln said sden-
osine receptor agonist is selected from the group con-
sisting of adenosine, 1-methyl-2-phenylethyl-adenosine,
5-cthyl carboxamide-adenosine, cyclopentyl adenosine,
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2-chloro adenosine, sdenine, inosine, adenosine mono-

phosphate, adenosine diphosphate snd adenosine tri--

phosphate.
30, The method of claim 27 or 28, wherein said ven-

tricular function imaging technique is selected from the’

_ group consisting of echocardiography, contrast ventric-
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ulography and radionuclide angiography.

31. The method of claim 27 wherein said adenosine
receptor agonist is administered by intravenous infusion
in a dosage of about 140 meg/kg/minute,

32. The method of claim 27, 28 or 31, wherein said
adenosine receptor egonist is adenosine,

33. The method of claim 29 wherein said adenosine
receptor agonist is adenosine,

34. The method of claim 30 wherein szid ventricular
function imaging technigue s echocardiography.

35. A method of determining the difference between
the coronary blood flow through disease free coronary
vessels and stenotic coronary vessels in 8 human com-
prising the steps oft

() administering by an intravenous route to said
human about 20 mcg/kg/minute to about 200
mcg/kg/minute of an adenosine receptor agonist
sufficient to provide coronary artery dilation;

(b) performing a method for measuring coronary
blood flow velocity on said human in_ order 1o
assess the vasodilatory capacity of discase free
coronary vessels as opposed to stenotic coronary
vessels,

36. The method of claim 35 wherein ssid adenosine
receptor agonist is administered by intravenous infusion
in a dosage of about 140 mcg/kg/minute.

37. A method of determining the difference between
the coronary blood flow through discase free coronary
vessels and stenotic coronary vessels in a human com-
prising the steps of:

() administering by an intracoronary route to said
human about 2 mcg to about 20 mcg of an adeno-
sine receptor agonist sufficient to provide coronary
artery dilation; - .

(b) performing e method for measuring coronary
blood flow velocity on said human In order to
assess the vasodilatory capacity (reserve capacity)
of discase free coronary vessels as opposed 10 ste-
notic coronary vessels.

38. The method according to claim 35 or 37, wherein

said adenosine receptor agonist is selected from the .

group consisting of adenosine, 1-methyl-2-phenylethy)-
adenosine, 5-ethyl carboxamide-adenosine, cyclopentyl
adenosine, 2-chloro adenosine, adenine, inosine, adeno-
sine monophosphate, adenosine diphosphate and adeno-
sine triphosphate.

39. The method of claim 35 or 37, wherein said
method for measuring coronary blood flow velocity is
selected from the group of Doppler flow catheter, digi-
tal subtraction angiography and radiopharmacentical
imaging technigues.

40. The method of claim 35, 37 or 36, wherein said
adenosine receptor agonist is adenosine,

41. The method of claim 38 wherein said adenosinc
receptor agonist is adenosine.

42. The method of claim 39 wherein said method for
measuring coronary blood flow velocity is doppler flow
catheter.

43. A method of detecting the presence and assessing
the severity of coronary artery disease in a human com-
prising the steps of:
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(a) administering to said human by intravenous infu-
sion " about 20 mcg/kg/minute to about 200
mcg/kg/minvte of adenosine in order to provide
coronary artery dilation;

{b) administering thallium-201 to said human; and

(c) performing the scintigraphy on said human in
order to detect the presence and assess the severity
of coronary artery discase.

44, A method of detecting the presence and assessing
the severity of ventricular dysfunction in 2 human com-
prising the steps of:

(a) administering 10 said human by intravenous infu-
sion about 20 mcg/kg/minute to sbout 200
mcg/kg/minute of adenosine in order to provide
coronary artery dilation;

() performing an echocardiography on said human;
and

{c) determining the presence and assessing the sever-
ity of ventricular dysfunction.

45, A method of determining the difference between
coronary blood flow through disease free coronary
vessels and stenotic coronary vessels in a human com-
prising the steps of:

(a) administering 1o said human by mtracoronary
bolus injection about 2 mcg to about 20 mcg of
adenosine, in order to provide coronary artery
dilation; ’

{b) measuring the difference between coronary blood
flow through discase-free coronary vessels and
stenotic coronary vessels in -said human using a
doppler flow catheter in order to assess the
vasodilatory capacity (reserve capacity) of disease-

- free coronary vessels as opposed 1o stenotic coro-
nary vessels,
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46. A method of detecting the presence and assessing
the severity of coronary artery disease in a human com-
prising the steps of:

(a) administering to said humen by intracoronary
bolus injection about 2 mcg to about 20 mcg of
adenosine in order 1o provide coronary artery dila-
tion;

) admmlstcnng tha.llxum-zm to said human; and

() performing scintigraphy on said human in ordcr to
detect the presence and assess the severity of coro-
nary artery disease.

47. A mecthod of detecting the presence and essessing
the sevemy of ventricular dysfunction In 2 huiman com-
prising the stéps of;

(2) admuus}cnng to said human by intracoronary
bolus m_;ccuon about 2 mcg to about 20 mcg of
adenosine in order to provide coronary artery dila-
tion;

(b) performing an echocardiography on said human;
and

(c) determining the presence and assessing the sever-
ity of ventricular dysfunction.

48. A method of determining the difference between
coronary blood flow through discase free coronary
vessels and stenotic coronary vessels in a human com-
prising the steps of;

(a) administering to said human by intravenous infu-
sion about 20 mcg/kg/minute to about 200
meg/kg/minute of adenosine, in order to provide
coronary arter dilation;

(b) measuring the difference between coronary b)ood
flow through discase-free coronary vessels and
stenotic coronary vessels in said human using a
Doppler flow catheter in order to assess the
vasodilatory capacity (reserve capacity) of disease-
free coronary. vessels as opposed to stenotic coro-

nary vessels,
[ ] . \J * »
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