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I, Scott Bennett, hereby declare under penalty of perjury: 

I. INTRODUCTION 

1. I have personal knowledge of the facts and opinions set forth in this 

declaration, I believe them to be true, and if called upon to do so, I would testify 

competently to them.  I have been warned that willful false statements and the like 

are punishable by fine or imprisonment, or both. 

2. I am a retired academic librarian working as a Managing Partner of 

the firm Prior Art Documentation LLC at 711 South Race Street, Urbana, IL, 

61801-4132.  Attached as Appendix A is a true and correct copy of my Curriculum 

Vitae describing my background and experience.  Further information about my 

firm, Prior Art Documentation Services LLC, is available at 

www.priorartdocumentation.com. 

3. I have been retained by Winston & Strawn LLP to authenticate and 

establish the dates of public accessibility of certain documents in an inter partes 

review proceedings for U.S. Patent No.  9,358,241.  For this service, I am being 

paid my usual hourly fee of $91/hour.  My compensation in no way depends on the 

substance of my testimony or the outcome of this proceeding.   

II. BACKGROUND AND QUALIFICATIONS 

4. I was previously employed as follows: 

 University Librarian, Yale University, New Haven, CT, 1994-2001; 
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 Director, The Milton S. Eisenhower Library, The Johns Hopkins 

University, Baltimore, MD, 1989-1994; 

 Assistant University Librarian for Collection Management, 

Northwestern University, Evanston, IL, 1981-1989; 

 Instructor, Assistant, and Associate Professor of Library 

Administration, University of Illinois at Urbana-Champaign, Urbana, 

IL, 1974-1981; and 

 Assistant Professor of English, University of Illinois at Urbana-

Champaign, 1967-1974. 

5. Over the course of my work as a librarian, professor of English, 

researcher, and author of nearly fifty scholarly papers and other publications, I 

have had extensive experience with catalog records and online library management 

systems built around Machine-Readable Cataloging (MARC) standards.  I also 

have substantial experience in authenticating printed documents and establishing 

the date when they were accessible to researchers.   

6. In the course of more than fifty years of academic life, I have myself 

been an active researcher.  I have collaborated with many individual researchers 

and, as a librarian, worked in the services of thousands of researchers at four 

prominent research universities.  Over the years, I have read some of the 

voluminous professional literature on the information seeking behaviors of 
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academic researchers.  And as an educator, I have a broad knowledge of the ways 

in which students in a variety of disciplines learn to master the bibliographic 

resources used in their disciplines.  In all of these ways, I have a general 

knowledge of how researchers work. 

III. PRELIMINARIES 

7. Scope of this declaration.  I am not a lawyer and I am not rendering an 

opinion on the legal question of whether any particular document is, or is not, a 

“printed publication” under the law.  

8. I am, however, rendering my expert opinion on the authenticity of the 

documents referenced herein and on when and how each of these documents was 

disseminated or otherwise made available to the extent that persons interested and 

ordinarily skilled in the subject matter or art, exercising reasonable diligence, could 

have located the documents before 15 May 2005 and 15 May 2006.    

9. Materials considered.  In forming the opinions expressed in this 

declaration, I have reviewed the documents and attachments referenced herein.  

These materials are records created in the ordinary course of business by 

publishers, libraries, indexing services, and others.  From my years of experience, I 

am familiar with the process for creating many of these records, and I know these 

records are created by people with knowledge of the information in the record.  

Further, these records are created with the expectation that researchers and other 
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members of the public will use them.  All materials cited in this declaration and its 

attachments are of a type that experts in my field would reasonably rely upon and 

refer to in forming their opinions. 

10. Persons of ordinary skill in the art.  I am told by counsel that the 

subject matter of this proceeding relates to the administration of a drug called 

treprostinil to patients that have a condition called pulmonary hypertension.  I have 

been further informed that the patent relates to the administration of inhaled doses 

of this drug using a device called a pulsed ultrasonic nebulizer, which I have been 

informed causes the drug to take on an aerosol form so that it can be inhaled by 

patients.  

11. I have been informed by counsel that a “person of ordinary skill in the 

art at the time of the inventions” is a hypothetical person who is presumed to be 

familiar with the relevant field and its literature at the time of the inventions.  This 

hypothetical person is also a person of ordinary creativity, capable of 

understanding the scientific principles applicable to the pertinent field. 

12. I am told by counsel that persons of ordinary skill in this subject 

matter or art would have had a Ph.D. degree in pharmaceutical science or a related 

discipline like chemistry or medicinal chemistry, as well as at least two years of 

practical experience in the development of potential drug candidates, specifically 

in the delivery of drug by inhalation. I understand that this person could have a 
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lower level of formal education than a Ph.D. degree if such a person had more 

years of experience in the development of inhalable drugs. This person would 

regularly review  literature about pharmaceutical sciences and drug delivery and 

would know how to carry out library research using library resources to find out 

more information about areas being researched.  In addition, the person of ordinary 

skill in the art would know how to evaluate potential drugs for their in vitro and in 

vivo activity and toxicity using tests disclosed in the relevant literature. 

Furthermore, because drug development involves a multidisciplinary approach, I 

understand that a person of ordinary skill in the art may interface or consult with 

individuals having specialized expertise, for example, a pharmacologist and/or 

physician with experience in the administration, dosing and efficacy of drugs for 

the treatment of a particular disease state..   

13. It is my opinion that such a person would have been engaged in 

advanced research starting at least in graduate school, learning though study and 

practice in the field and possibly through formal instruction the bibliographic 

resources relevant to his or her research. In the early 2000’s such a person would 

have had access to a vast array of long-established print resources regarding 

medical conditions concerning the circulatory system, such as pulmonary 

hypertension.  as well as access to a rich set of online resources providing indexing 

information, abstracts, and full text services for literature providing updates 
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regarding treatments for conditions of the circulatory system.  Such information 

includes abstracts of presentations made at conferences, more comprehensive 

articles circulated in periodicals, and access to versions of such articles through 

paid Internet sites 

14. Library catalog records.  WorldCat is the world’s largest public 

online catalog, maintained by the Online Computer Library Center, Inc., or OCLC, 

and built with the records created by the thousands of libraries that are members of 

OCLC.  WorldCat records appear in many different catalogs, including the 

Statewide Illinois Library Catalog.  The date a given catalog record was created 

(corresponding to the MARC Field 008) appears in some detailed WorldCat 

records as the Date of Entry. 

15. Publications in series.  A library typically creates a MARC catalog 

record for a series of closely related publications, such as the proceedings of an 

annual conference, when the library receives its first issue.  When the institution 

receives subsequent issues/volumes of the series, the issues/volumes are checked in 

(sometimes using a date stamp), added to the institution’s holdings records, and 

made available very soon thereafter—normally within a few days of receipt or (at 

most) within a few weeks of receipt. 

16. The initial series record will often not reflect all of the subsequent 

changes in publication details (including minor variations in title, etc.). 
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17. When a library does not intend systematically to acquire all 

publications in a given series, but adds individual volumes of the series to its 

collections, the library will typically treat each such volume as an individual book, 

or monograph.  In this case, the 008 Field MARC will record the date when the 

record for that individual volume, not the series, was created. 

18. It is sometimes possible to find both a series and a monograph library 

catalog record for the same publication. 

19. Periodical publications.  A library typically creates a catalog record 

for a periodical publication when the library receives its first issue.  When the 

institution receives subsequent issues/volumes of the periodical, the issues/volumes 

are checked in (often using a date stamp), added to the institution’s holdings 

records, and made available very soon thereafter—normally within a few days of 

receipt or (at most) within a few weeks of receipt. 

20. The initial periodicals record will sometimes not reflect all of the 

subsequent changes in publication details (including minor variations in title, etc.). 

21. Indexing.  A researcher may discover material relevant to his or her 

topic in a variety of ways.  One common means of discovery is to search for 

relevant information in an index of periodical and other publications.  Having 

found relevant material, the researcher will then normally obtain it online, look for 

it in libraries, or purchase it from the publisher, a bookstore, a document delivery 
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service, or other provider.  Sometimes, the date of a document’s public 

accessibility will involve both indexing and library date information.  Date 

information for indexing entries is, however, often unavailable.  This is especially 

true for online indices. 

22. Indexing services use a wide variety of controlled vocabularies to 

provide subject access and other means of discovering the content of documents.  

The formats in which these access terms are presented vary from service to service. 

23. Online indexing services commonly provide bibliographic 

information, abstracts, and full-text copies of the indexed publications, along with 

a list of the documents cited in the indexed publication.  These services also often 

provide lists of publications that cite a given document.  A citation of a document 

is evidence that the document was publicly available and in use by researchers no 

later than the publication date of the citing document.   

24. Prominent indexing services include:   

25. Scopus.   Produced by Elsevier, a major publisher, Scopus is the 

largest database of abstracts and citations of peer-reviewed literature.  Its scope 

includes the social sciences, science, technology, medicine, and the arts.  It 

includes 60 million records from more than 21,500 titles from some 5,000 

international publishers.  Coverage includes 360 trade publications, over 530 book 
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series, more than 7.2 million conference papers, and 116,000 books.  Records date 

from 1823.   

IV. OPINIONS REGARDING INDIVIDUAL DOCUMENTS 

Document 1.  Robert Voswinckel, et al.  "Inhaled trepostinil sodium for the 

treatment of pulmonary hypertension" Abstract #1414, Circulation, 110, 

17, Supplement (October 2004): III-295. 

 

1. Authentication 

26. Document 1 is an abstract by Robert Voswinckel and others published 

in an October 2004 supplementary issue of Circulation.  This supplement contains 

abstracts from Scientific Sessions 2004, a conference held by the American Heart 

Association in New Orleans, LA, on 7-10 November 2004. 

27. Attachment 1a is a true and accurate copy of Document 1 (along with 

the volume cover, preliminary pages about the supplement and about Circulation) 

from the British Library.  Attachment 1b is a true and accurate copy of the British 

Library catalog record for 2004 Abstracts supplement to Circulation. 

28. Attachment 1a is in a condition that creates no suspicion about its 

authenticity.  Specifically, Document 1 exhibits ample evidence of its publication 

provenance and is marked as supplied by the British Library.  Attachment 1a was 

found within the custody of a library – a place where, if authentic, it would likely 

be found.   
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29. I conclude, based on finding Document 1 in a library and on finding 

library catalog records for Document 1, that Document 1 is an authentic document 

and that Attachment 1a is an authentic copy of Document 1. 

2. Public Accessibility 

30. Attachment 1c is a true and accurate copy of the Statewide Illinois 

Library Catalog periodical record for Circulation, showing this periodical was first 

published in 1950 and is held by 1,265 libraries world-wide.  Attachment 1c also 

indicates that Circulation was cataloged or indexed in a meaningful way—

including being cataloged by subject.  Some libraries have separately cataloged the 

supplements to Circulation. Attachment 1d is a true and accurate copy of such a 

record from the Statewide Illinois Library Catalog, showing these abstract 

supplements were first published in 1964 and are held as separately cataloged 

documents by 20 libraries world-wide.  Attachment 1d also indicates that the 

abstract supplements to Circulation were cataloged or indexed in a meaningful 

way—including being cataloged by subject, Thus, in my opinion, Circulation and 

its abstract supplements were sufficiently accessible to the public interested in the 

art; and an ordinarily skilled researcher, exercising reasonable diligence, would 

have had no difficulty finding copies of Circulation and its abstract supplements. 

31. Attachment 1a, from the British Library, includes a library date label 

at the top of the cover.  This date label was cropped in the process of copying the 
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cover at the British Library.  Attachment 1e is a second copy of Document 1 from 

the British Library, supplied by counsel.  Comparison of Attachment 1a and 1e 

reveals them to be substantively identical.  The date label at the top of the cover 

indicates that the supplement to the October 2004 issue of Circulation was 

processed on 22 November 2004.  A separate date label in the middle of the cover 

also shows this 22 November 2004 date.  A third label on the cover indicates that 

the restriction on reading-room only use of the supplement to the October 2004 

issue of Circulation expired on 22 May 2005.   Based on my experience, I affirm 

this date label has the general appearance of date labels that libraries have long 

affixed to periodicals in processing them. I do not see any indications or have any 

reason to believe this date label was affixed by anyone other than library personnel 

on or about the date indicated by the label.   

32. Allowing for some time between the date label on the supplement to 

the October 2004 issue of Circulation and its appearance on library shelves, where 

it would be publicly available (for example in the reading room at the British 

Library for a limited time, and then available for circulation), it is my opinion that 

Document 1 was publicly available at least by December 2004. 

33. Attachment 1f is a true and accurate copy of the Scopus index record 

for a review article that cites Document 1:  R. Sulica and M. Poon, “Medical 

therapeutics for pulmonary arterial hypertension: from basic science and clinical 
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trial design to evidence-based medicine,” Expert Review of Cardiovascular 

Therapy, 3,3 (March 2005): 347-360   Attachment 1f shows Document 1 as the 

51
th
 item in its list of references.   

3. Conclusion 

34. Based on the evidence presented here—publication in a supplement to 

a widely held periodical, library processing, and citation—it is my opinion that 

Document 1 is an authentic document that was publicly available to 

researchers at least by December 2004.  The citation evidence presented here 

indicates that Document 1 had been actually reviewed and cited to by researchers 

at least by March 2005 

Document 2.  Hossein Ardeschi Ghofani, Robert Voswinckel, et al., “Neue 

Therapieoptionen in der Behandlung der pulmonalarteriellen 

Hypertonie,” Herz, 30,4 (June 2005): 296-302. 

1. Authentication 

35. Document 2 is a research paper by Hossein Ghofani, Robert 

Voswinckel, and others published in the June 2005 issue of Herz. 

36. Attachment 2a is a true and accurate copy of Document 2 (along with 

the cover, issue title page, and issue contents page) from the Biomedical Library at 

the University of California at Los Angeles.  Attachment 2b is a true and accurate 

copy of the University of California at Los Angeles Library catalog record for 

Herz, showing holdings that include Volume 30 of this periodical. 
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37. Attachment 2a is in a condition that creates no suspicion about its 

authenticity.  Specifically, Document 2 is not missing any intermediate pages of 

the article’s text, the text on each page appears to flow seamlessly from one page 

to the next, and there are no visible alterations to the document.  Attachment 2a 

was found within the custody of a library – a place where, if authentic, it would 

likely be found.   

38. Document 2 is also readily available online.  Attachment 2c is a true 

and accurate copy of the table of contents for the June 2005 issue of Herz, 

including Document 2, from SpringerLink, the online source for journals published 

by Springer Publishing, including Herz.  Attachment 2d is a true and accurate copy 

of Document 2 from SpringerLink—a place where, if authentic, Document 2 

would likely be found.   

39. Attachment 2e is the Scopus record for Document 2, showing the 

many indexed keywords by which an ordinarily skilled researcher, exercising 

reasonable diligence, could find Document 2. 

40. I conclude, based on finding Document 2 in a library and online and 

on finding library catalog records and online records for Document 2, that 

Document 2 is an authentic document and that Attachment 2a is an authentic copy 

of Document 2. 

2. Public Accessibility 
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41. Attachment 2f is a true and accurate copy of the Statewide Illinois 

Library Catalog record for Herz, showing this periodical was first published in 

1976 and is held by 97 libraries world-wide.  Attachment 2f also indicates that 

Herz was cataloged or indexed in a meaningful way—including being cataloged by 

subject.  Thus, in my opinion, Herz was sufficiently accessible to the public 

interested in the art; and an ordinarily skilled researcher, exercising reasonable 

diligence, would have had no difficulty finding copies of Herz. 

42. Attachment 2a, from the University of California Library at Los 

Angeles, includes a library date stamp indicating that the June 2005 issue of Herz 

was processed on 22 June 2005.  Based on my experience, I affirm this date stamp 

has the general appearance of date stamps that libraries have long affixed to 

periodicals in processing them. I do not see any indications or have any reason to 

believe this date stamp was affixed by anyone other than library personnel on or 

about the date indicated by the stamp.   

43. Allowing for some time between the date stamp on the June 2005 

issue of Herz and its appearance on library shelves, where it would be publicly 

available, it is my opinion that Document 2 was publicly available at least by early-

July 2005. 

3. Conclusion 
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44. Based on the evidence presented here—publication in the widely held 

periodical, library catalog records, online indexing and publication, library 

processing, and citation—it is my opinion that Document 2 is an authentic 

document that was publicly available to researchers at least by early July 

2005.   

V. ATTACHMENTS 

45. The attachments attached hereto are true and correct copies of the 

materials identified above.   Helen Sullivan is a Managing Partner in Prior Art 

Documentation Services LLC (see http://www.priorartdocumentation.com/hellen-

sullivan/ ).  One of her primary responsibilities in our partnership is to secure the 

bibliographic documentation used in attachments to our declarations.    

46. Ms. Sullivan and I work in close collaboration on the bibliographic 

documentation needed in each declaration.  I will sometimes request specific 

bibliographic documents or, more rarely, secure them myself.  In all cases, I have 

carefully reviewed the bibliographic documentation used in my declaration.  My 

signature on the declaration indicates my full confidence in the authenticity, 

accuracy, and reliability of the bibliographic documentation used.   

47. Each Attachment has been marked with an identifying label on the top 

of each page.  However, no alterations other than these noted labels appear in these 
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attachments, unless otherwise noted.  All attachments were created on 9-16 June 

and all URLs referenced in this declaration were available 16 June 2017. 

VI. CONCLUSION 

48. In summary, I have concluded that Document 1, discussed above, is 

an authentic document that was publicly accessible before 15 May 2005.  I further 

conclude that Document 2, discussed above, is an authentic document that was 

publicly accessible before 15 May 2006.   

49. I reserve the right to supplement my opinions in the future to respond 

to any arguments that Patent Owner or its expert(s) may raise and to take into 

account new information as it becomes available to me. 

50. I declare that all statements made herein of my knowledge are true, 

and that all statements made on information and belief are believed to be true, and 

that these statements were made with the knowledge that willful false statements 

and the like so made are punishable by fine or imprisonment, or both, under 

Section 1001 of Title 18 of the United States Code. 

  Executed this 20th day of June, 2017 in Urbana, Illinois. 

 

 
____________________________ 

Scott Bennett 
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Appendix A 

SCOTT BENNETT 

Yale University Librarian Emeritus 

 

711 South Race 

Urbana, Illinois 61801-4132 

2scottbb@gmail.com 

217-367-9896 

 

 

EMPLOYMENT 

 

Retired, 2001.  Retirement activities include: 

 Managing Partner in Prior Art Documentation Services, LLC, 2015-.  This firm provides 

documentation services to patent attorneys; more information is available at 

http://www.priorartdocumentation.com  

 Consultant on library space design, 2004- . This consulting practice is rooted in a research, 

publication, and public speaking program conducted since I retired from Yale University in 

2001.   I have served more than 50 colleges and universities in the United States and abroad 

with projects ranging in likely cost from under $50,000 to over $100 million.  More 

information is available at http://www.libraryspaceplanning.com/  

 Senior Advisor for the library program of the Council of Independent Colleges, 2001-2009 

 Member of the Wartburg College Library Advisory Board, 2004-  

 Visiting Professor, Graduate School of Library and Information Science, University of 

Illinois at Urbana-Champaign, Fall 2003 

 

University Librarian, Yale University, 1994-2001 

 

Director, The Milton S. Eisenhower Library, The Johns Hopkins University, Baltimore, Maryland, 

1989-1994 

 

Assistant University Librarian for Collection Management, Northwestern University, Evanston, 

Illinois, 1981-1989 

 

Instructor, Assistant and Associate Professor of Library Administration, University of Illinois at 

Urbana-Champaign, 1974-1981 

 

Assistant Professor of English, University of Illinois at Urbana-Champaign, 1967-1974 

 

Woodrow Wilson Teaching Intern, St. Paul’s College, Lawrenceville, Virginia, 1964-1965 

 

EDUCATION 

 

University of Illinois, M.S., 1976 (Library Science) 

Indiana University, M.A., 1966; Ph.D., 1967 (English) 

Oberlin College, A.B. magna cum laude, 1960 (English) 

 

 

HONORS AND AWARDS 
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Morningside College (Sioux City, IA) Doctor of Humane Letters, 2010 

 

American Council of Learned Societies Fellowship, 1978-1979; Honorary Visiting Research 

Fellow, Victorian Studies Centre, University of Leicester, 1979; University of Illinois Summer 

Faculty Fellowship, 1969 

 

Indiana University Dissertation Year Fellowship and an Oberlin College Haskell Fellowship, 1966-

1967; Woodrow Wilson National Fellow, 1960-1961 

 

PROFESSIONAL ACTIVITIES 

 

American Association for the Advancement of Science: Project on Intellectual Property and 

Electronic Publishing in Science, 1999-2001 

 

American Association of University Professors:  University of Illinois at Urbana-Champaign 

Chapter Secretary and President, 1975-1978; Illinois Conference Vice President and President, 1978-

1984; national Council, 1982-1985, Committee F, 1982-1986, Assembly of State Conferences 

Executive Committee, 1983-1986, and Committee H, 1997-2001 ; Northwestern University Chapter 

Secretary/Treasurer, 1985-1986 

 

Association of American Universities:  Member of the Research Libraries Task Force on 

Intellectual Property Rights in an Electronic Environment, 1993-1994, 1995-1996 

 

Association of Research Libraries:  Member of the Preservation Committee, 1990-1993; member of 

the Information Policy Committee, 1993-1995; member of the Working Group on Copyright, 1994-

2001; member of the Research Library Leadership and Management Committee, 1999-2001; member 

of the Board of Directors, 1998-2000 

 

Carnegie Mellon University:  Member of the University Libraries Advisory Board, 1994 

 

Center for Research Libraries:  Program Committee, 1998-2000 

 

Johns Hopkins University Press:  Ex-officio member of the Editorial Board, 1990-1994; Co-

director of Project Muse, 1994 

 

Library Administration and Management Association, Public Relations Section, Friends of the 

Library Committee, 1977-1978 

 

Oberlin College:  Member of the Library Visiting Committee, 1990, and of the Steering Committee 

for the library’s capital campaign, 1992-1993; President of the Library Friends, 1992-1993, 2004-

2005; member, Friends of the Library Council, 2003- 

 

Research Society for Victorian Periodicals: Executive Board, 1971-1983; Co-chairperson of the 

Executive Committee on Serials Bibliography, 1976-1982; President, 1977-1982 

 

A Selected Edition of W.D. Howells (one of several editions sponsored by the MLA Center for 

Editions of American Authors):  Associate Textual Editor, 1965-1970; Center for Editions of 

American Authors panel of textual experts, 1968-1970 

 

Victorian Studies:  Editorial Assistant and Managing Editor, 1962-1964 
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Wartburg College: member, National Advisory Board for the Vogel Library, 2004- 

 

Some other activities:  Member of the Illinois State Library Statewide Library and Archival 

Preservation Advisory Panel; member of the Illinois State Archives Advisory Board; member of a 

committee advising the Illinois Board of Higher Education on the cooperative management of 

research collections; chair of a major collaborative research project conducted by the Research 

Libraries Group with support from Conoco, Inc.; active advisor on behalf of the Illinois 

Conference AAUP to faculty and administrators on academic freedom and tenure matters in northern 

Illinois. 

 

Delegate to Maryland Governor’s Conference on Libraries and Information Service; principal in 

initiating state-wide preservation planning in Maryland; principal in an effort to widen the use of 

mass deacidification for the preservation of library materials through cooperative action by the 

Association of Research Libraries and the Committee on Institutional Cooperation; co-instigator 

of a campus-wide information service for Johns Hopkins University; initiated efforts with the 

Enoch Pratt Free Library to provide information services to Baltimore’s Empowerment Zones; 

speaker or panelist on academic publishing, copyright, scholarly communication, national and 

regional preservation planning, mass deacidification. 

 

Consultant for the University of British Columbia (1995), Princeton University (1996), Modern 

Language Association, (1995, 1996), Library of Congress (1997), Center for Jewish History 

(1998, 2000-), National Research Council (1998); Board of Directors for the Digital Library 

Federation, 1996-2001; accreditation visiting team at Brandeis University (1997); mentor for 

Northern Exposure to Leadership (1997); instructor and mentor for ARL’s Leadership and 

Career Development Program (1999-2000)  

 

At the Northwestern University Library, led in the creation of a preservation department and in the 

renovation of the renovation, for preservation purposes, of the Deering Library book stacks. 

 

At the Milton S. Eisenhower Library, led the refocusing and vitalization of client-centered services; 

strategic planning and organizational restructuring for the library; building renovation planning.  

Successfully completed a $5 million endowment campaign for the humanities collections and 

launched a $27 million capital campaign for the library. 

 

At the Yale University Library, participated widely in campus-space planning, university budget 

planning, information technology development, and the promotion of effective teaching and learning; 

for the library has exercised leadership in space planning and renovation, retrospective conversion of 

the card catalog, preservation, organizational development, recruitment of minority librarians, 

intellectual property and copyright issues, scholarly communication, document delivery services 

among libraries, and instruction in the use of information resources.  Oversaw approximately $70 

million of library space renovation and construction.  Was co-principal investigator for a grant to plan 

a digital archive for Elsevier Science. 

 

Numerous to invitations speak at regional, national, and other professional meetings and at alumni 

meetings.  Lectured and presented a series of seminars on library management at the Yunnan 

University Library, 2002.  Participated in the 2005 International Roundtable for Library and 

Information Science sponsored by the Kanazawa Institute of Technology Library Center and the 

Council on Library and Information Resources. 

 

WATSON LABORATORIES, INC. , IPR2017-01621, p. 21 of 74



 

20 
 

PUBLICATIONS 
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Neue Therapieoptionen in der Behandlung der 
pulmonalarteriellen Hypertonie
Hossein Ardeschir Ghofrani, Robert Voswinckel, Frank Reichenberger, Friedrich Grimminger, 
Werner Seeger1

Emerging Therapies for the Treatment of Pulmonary Arterial Hypertension

Abstract
Besides all progress in the therapy of pulmonary arterial hy-
pertension over the past years, there is still no cure for this 
devastating disease. By introducing effective and nonparen-
teral medications (e.g., oral endothelin receptor antagonists 
[ERAs], inhaled prostanoids), quality of life, exercise tolerance 
and prognosis of patients have substantially improved. How-
ever, applicability of these therapies can be hampered by se-
rious side effects and/or the necessity for elaborate applica-
tion techniques. Whether selective ERAs – due to their speci-
ficity for the A-type receptor – have potential benefits over 
the nonselective ERA bosentan remains to be answered by 

the analysis of pivotal trials recently carried out with ambris-
entan and sitaxsentan. Inhaled treprostinil can potentially 
have benefits over the already approved inhaled iloprost, re-
lated to its higher pulmonary selectivity as well as to the lon-
ger biological half-life. However, this has yet to be proven in 
long-term randomized controlled trials. In comparison to the 
previously mentioned substances, the selective phosphodi-
esterase-5 (PDE5) inhibitor sildenafil approached approval 
closest as new therapy for pulmonary arterial hypertension. 
Oral sildenafil has proven its efficacy as a selective pulmo-
nary vasodilator in various forms of pulmonary hypertension. 
The results of the pivotal phase III trial have confirmed the 

1   Medizinische Klinik und Poliklinik II, University Giessen Lung Center 
(UGLC), Justus-Liebig-Universität Gießen.
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agonist · Phosphodiesteraseinhibitoren · Kombinationstherapien
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Zusammenfassung
Trotz aller Fortschritte in der Therapie der pulmonalarteriellen 
Hypertonie gibt es bisher keine Aussicht auf Heilung dieser 
schwerwiegenden Erkrankung. Mit der Einführung effektiver 
und nonparenteraler Medikamente (z.B. orale Endothelin-Re-
zeptor-Antagonisten [ERA], inhalative Prostanoide) haben sich 
jedoch die Lebensqualität, die körperliche Belastbarkeit und 
die Prognose der Patienten in den letzten Jahren erheblich ver-
bessern lassen. Die Anwendbarkeit dieser Medikamente ist 
aber durch die z.T. gravierenden Nebenwirkungen und/oder 
aufwendigen Applikationsformen eingeschränkt. Ob selektive 
ERA aufgrund ihrer Spezifität für den A-Rezeptor Vorteile ge-
genüber dem nichtselektiven ERA Bosentan im Hinblick auf 
Nebenwirkungen, aber auch in Bezug auf die Effektivität ha-
ben, wird erst nach Auswertung der derzeit laufenden zulas-
sungsrelevanten Studien mit Ambrisentan und Sitaxsentan zu 
eruieren sein. Inhaliertes Treprostinil könnte aufgrund seiner 
hohen Selektivität für die pulmonale Zirkulation sowie auf-

grund der längeren Wirkung einen Vorteil gegenüber dem be-
reits zugelassenen inhalierten Iloprost haben. Bisher stehen 
jedoch noch Ergebnisse einer kontrollierten randomisierten 
Studie aus, die die Wirksamkeit dieser Therapie in der chroni-
schen Anwendung dokumentieren. Der selektive Phospho-
diesterase-5-(PDE5-)Inhibitor Sildenafil ist im Vergleich zu den 
vorgenannten Substanzen bereits am nächsten zur klinischen 
Zulassung. Sildenafil erwies sich bei verschiedenen Formen 
der pulmonalen Hypertonie als starker pulmonal selektiver 
Vasodilatator. Die Ergebnisse der Phase-III-Studie zur Anwen-
dung von Sildenafil bei pulmonalarterieller Hypertonie bestä-
tigen die hervorragende Wirksamkeit dieses Medikaments bei 
exzellenter Verträglichkeit. Kombinationstherapien stellen bei 
allen noch zu erwartenden Fortschritten in der Entwicklung 
einzelner Substanzen die aussichtsreichste zukünftige Thera-
pieoption dar. Kontrollierte Studien zur Überprüfung dieser 
Option, unter Berücksichtigung verschiedener Medikamen-
tenkombinationen, befinden sich bereits in Planung.
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Einleitung
Im Beitrag von Hoeper in diesem Heft wurde bereits 
ausführlich auf die leitliniengerechte Therapie der pul-
monalarteriellen Hypertonie (PAH) eingegangen. Leit-
liniengerecht bedeutet in diesem Fall die Bezugnahme 
auf zugelassene Medikamente oder Substanzen, die 
aufgrund einer eindeutigen Publikationslage Eingang 
in die evidenzbasierten Therapieempfehlungen gefun-
den haben. Inhalt dieses Beitrags wird die Darstellung 
neuer, z.T. noch in Entwicklung befindlicher Therapie-
ansätze sein, die in naher Zukunft Eingang in die Thera-
pieleitlinien finden können oder die bereits aufgrund 
eines eindeutigen Wirksamkeitsnachweises im sog. 
„off-label use“ zum Einsatz kommen. Im Einzelnen 
werden wir auf die Therapie mit inhalierten Prostano-
iden, selektiven Endothelin-A-Rezeptor-Antagonisten 
(Sitaxsentan und Ambrisentan) sowie Phosphodieste-
rase-5-(PDE5-)Hemmern (hier insbesondere Sildena-
fil) eingehen. Des Weiteren werden Kombinationsthe-
rapien als möglicher zukünftiger Therapiestandard dis-
kutiert.

Vasoaktive Therapie
Angriffspunkte einer vasoaktiven Therapie sind die po-
tentiell reversiblen Komponenten der Gefäßobstruk-
tion. Prinzipiell bestehen zwei Möglichkeiten, durch 
pharmakologische Intervention den Gefäßquerschnitt 
zu erweitern:
•  Aufhebung eines dauerhaft erhöhten Vasotonus durch 

Relaxation der glatten Gefäßmuskulatur (unmittelba-
rer Effekt von Vasodilatatoren);

•  Beeinflussung des strukturellen Gefäßumbaus (vas-
kuläres Remodeling) durch Nutzung von antiin-
flamma torischen und antiproliferativen Wirkstoffen.

Eine Vielzahl vasodilatativer Agenzien ist in der Be-
handlung der chronischen pulmonalen Hypertonie kli-
nisch getestet worden. Bezüglich der Anwendung von 
Calciumantagonisten, Prostanoiden und nichtselekti-
ven Endothelinantagonisten sei nochmals auf den Arti-
kel von Hoeper in diesem Heft hingewiesen. Obwohl in 

dem genannten Artikel auch schon auf inhaliertes Ilop-
rost (Ventavis®) eingegangen wurde, sei diese Thera-
pieform hier noch einmal kurz erwähnt, da sie zur Er-
läuterung der neuen Therapie mit inhaliertem Trepros-
tinil den theoretischen und klinischen Hintergrund 
liefert.

Inhalatives Iloprost
Die Inhalation aerosolierter Prostanoide umgeht wir-
kungsvoll einen Großteil der Nachteile der Infusions-
therapie: Durch die alveoläre Deposition des Wirkstoffs 
wird eine pulmonal und intrapulmonal selektive Wir-
kung erzielt. Die Therapie der pulmonalen Hypertonie 
mit wiederholten Inhalationen des lang wirksamen 
Prostacyclinanalogons Iloprost hat in einer multizentri-
schen, randomisierten, plazebokontrollierten Studie ih-
re Effektivität bei gleichzeitig guter Sicherheit bewiesen 
[1]. In der mit Iloprost behandelten Gruppe zeigte sich 
sowohl eine signifikante Verbesserung der 6-min-Geh-
strecke (als Maßstab der Belastbarkeit) als auch der 
NYHA-Klasse (New York Heart Association) im Ver-
gleich zur plazebobehandelten Gruppe. Dieser zulas-
sungsrelevanten Studie waren bereits mehrere, nicht 
kontrollierte Studien an Patienten mit verschiedenen 
Formen der pulmonalen Hypertonie vorausgegangen 
[2–4]. Im Wesentlichen konnte die Phase-III-Studie 
hierbei die früheren positiven Erfahrungen bestätigen. 
Nachteile dieser Therapie sind jedoch neben der auf-
wendigen Aerosoltechnologie die relativ kurze Wirk-
dauer der einzelnen Gabe (60–90 min) mit der Notwen-
digkeit häufiger Inhalationen (sechs- bis neunmal täg-
lich) und die therapeutische Pause während der Nacht.

Inhaliertes Treprostinil
Treprostinil ist ein lang wirksames Prostacyclinanalo-
gon, welches aufgrund seiner langen Plasmahalbwerts-
zeit und chemischen Stabilität in Lösung potentielle 
Vorteile gegenüber Epoprostenol bietet und somit zu-
nächst als Substitut für die Infusionsbehandlung ent-
wic kelt wurde. Zur Vermeidung katheterassoziierter 

strong efficacy and excellent tolerability of this substance. 
Combination therapies, despite all progress seen for single 
agents, can be regarded as the most promising therapeutic 

approach for the future. However, controlled randomized tri-
als that are currently under consideration have to confirm 
this notion.

Key Words:  Pulmonary hypertension · Vasodilative therapy · Nitric oxide · Prostacyclin · Endothelin antagonist · 
Phosphodiesterase inhibitors · Combination therapies 
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Komplikationen wird die Treprostinilinfusion subkutan 
über eine (der Insulindauertherapie entnommene) Spe-
zialkanüle infundiert. Die zulassungsrelevante Studie 
zu diesem Therapieprinzip hat eine Wirksamkeit bei 
der Behandlung von Patienten mit PAH erbracht [5]. 
Nachteil dieser Behandlungsform ist jedoch, dass es bei 
bis zu 80% der Patienten zu Schmerzen an der Injekti-
onsstelle kommt, welche eine dauerhafte Therapie er-
schweren. Erste Untersuchungen aus Gießen haben 
den Wirksamkeitsnachweis von inhaliertem Treprosti-
nil zur effektiven Senkung des pulmonalen Gefäßwi-
derstands (PVR) erbracht [6]. In dieser ersten Untersu-
chung wurde bei 17 Patienten mit schwerer präkapil-
lärer pulmonaler Hypertonie inhaliertes Treprostinil 
(15 µg/Inhalation) verabreicht. Dies führte zu einer 
starken pulmonal selektiven Druck- und Widerstands-
senkung mit einer Gesamtwirkdauer von > 180 min. Im 
direkten Vergleich mit inhaliertem Iloprost zeigte inha-
liertes Treprostinil eine stärkere pulmonale Selektivi-
tät, so dass eine Dosissteigerung auf bis zu 90 µg (abso-
lute inhalierte Dosis pro Inhalationsmanöver), ohne 
Auftreten von unerwünschten Wirkungen, möglich ist 
[6]. Aufgrund dieser einzigartigen Eigenschaften (aus-
geprägte pulmonale Selektivität und lange Wirkdauer 
nach einzelner Inhalation) ist es möglich, die Anzahl 
notwendiger Inhalationen auf bis zu vier pro Tag zu re-
duzieren; die Inhalationsdauer lässt sich bei geeigneter 
Geräteauswahl auf < 1 min senken. Erste Daten zeigen 
zudem, dass eine Anwendung in nur ein bis zwei Atem-
zügen technisch realisierbar sein wird. Eine multizentri-
sche, plazebokontrollierte Studie soll nun die Wirksam-
keit dieser neuen Therapie auch in der Langzeitanwen-
dung untersuchen.

Selektive Endothelin-A-Rezeptor-Antagonisten
Die Aktivierung von Endothelin-A-(ETA-)Rezeptoren 
führt zur Vasokonstriktion und Gefäßproliferation in 
der Lunge, während der ETB-Rezeptor zirkulierendes 
Endothelin bindet (und eliminiert) und zu einer Steige-
rung der endogenen Prostacyclin- und Stickstoffmon-
oxid-(NO-)Produktion führt. Außerdem wird angenom-
men, dass die für Bosentan beschriebene Lebertoxizität 
vornehmlich mit der ETB-hemmenden Wirkung im Zu-
sammenhang steht. Vor dem Hintergrund dieser ver-
mutlich nachteiligen Teilkomponente des nichtselekti-
ven Endothelin-Rezeptor-Antagonisten (ERA) sind 
selektive ETA-Antagonisten in die klinische Erprobung 
gekommen. Hierzu liegen aktuell Erfahrungen für zwei 
Substanzen vor, die im Einzelnen aufgeführt sind.

Sitaxsentan. Der selektive ETA-Rezeptor-Antagonist 
Sitaxsentan (Thelin®) hat eine vielfach höhere Bin-
dungsaffinität für den ETA- als den ETB-Rezeptor. Prä-
klinische Daten haben bereits auf eine mögliche Wirk-
samkeit zur Behandlung der PAH hingewiesen. Publi-
zierte klinische Phase-II-Daten zeigen, dass bei 
vergleichbarer Wirksamkeit mit Bosentan die Inzidenz 
von Lebertoxizität in der mit 100 mg Sitaxsentan (ein-
mal tägliche Tabletteneinnahme) behandelten Gruppe 
bei 0% und in der mit 300 mg behandelten bei 10% lag 
[7]. Bei der derzeit noch in Auswertung befindlichen zu-
lassungsrelevanten Phase-III-Studie kamen sowohl 50 
mg als auch 100 mg Sitaxsentan im Vergleich zu Plazebo 
oder Bosentan (125 mg zweimal täglich) zum Einsatz. 
Die zurzeit nur per Pressemitteilung veröffentlichten 
Daten signalisieren, dass erneut die 100-mg-Dosis von 
Sitaxsentan bei vergleichbarer Wirksamkeit (Verbesse-
rung der Gehstrecke im 6-min-Gehtest um 31,4 m [Si-
taxsentan] vs. 29,5 m [Bosentan]) im Trend weniger Le-
bertoxizität aufwies als Bosentan (3% vs. 11%). Wann 
und für welches Patientenkollektiv es zu einer Zulas-
sung dieser Medikation kommen wird, ist derzeit nicht 
bekannt. Für Sitaxsentan ist eine Interaktion mit War-
farin vorbeschrieben, die eine Dosisanpassung des ora-
len Antikoagulans erfordert.
Ambrisentan. Ebenso wie Sitaxsentan handelt es sich 
bei Ambrisentan um einen selektiven ETA-Antagonis-
ten [8]. Eine Phase-II-Studie zu dieser Substanz ist be-
reits abgeschlossen, jedoch liegen die Ergebnisse zurzeit 
nicht in publizierter Form vor. Die zulassungsrelevante 
Phase-III-Studie rekrutiert derzeit noch Patienten und 
wird voraussichtlich Ende 2005 zum Abschluss kom-
men.

Phosphodiesteraseinhitoren
Die gemeinsame Endstrecke in der Wirkungssequenz 
der endogenen vasodilatativen Mediatoren (z.B. NO, 
Prostanoide und atriales natriuretisches Peptid [ANP]) 
ist die intrazelluläre Freisetzung zyklischer Nukleotide 
(zyklisches Adenosinmonophosphat [cAMP], zykli-
sches Guanosinmonophosphat [cGMP]). Diese sog. Se-
cond Messenger werden in erster Linie durch eine Akti-
vierung von Adenylat- und Guanylatcyclase gebildet 
[9]. Der Abbau zyklischer Nukleotide durch Phospho-
diesterasen (PDE) limitiert die Wirkintensität und 
-dauer der vasodilatativen Agonisten [9, 10]. PDE zei-
gen z.T. organ- bzw. zellspezifische Verteilungsmuster 
[10, 11]. So ist die PDE5 sowohl im Corpus cavernosum 
des Mannes als auch in der Lunge schon unter physiolo-
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gischen Bedingungen hoch expri-
miert [10]. Darüber hinaus sind 
PDE gerade bei verschiedenen pro-
liferativen und konstriktiven Ge-
fäßerkrankungen überexprimiert. 
PDE-Inhibitoren können, abhängig 
von ihrem Selektivitätsprofil, in den 
Abbau von cAMP oder cGMP oder 
beiden Systemen gleichzeitig ein-
greifen.

Therapeutische Ansätze erge-
ben sich vor dem Hintergrund die-
ser pathophysiologischen Überle-
gungen somit in zweierlei Hinsicht: 
1. können PDE-Inhibitoren den ba-
salen Abbau von zyklischen Nukleo-
tiden hemmen und somit per se 
vasodilatative Effekte erzielen, und 
2. können PDE-Inhibitoren die 
Wirksamkeit von Vasodilatatoren 
wie NO und Prostanoiden verlän-
gern.
Sildenafil. Sildenafil ist ein selekti-
ver PDE5-Inhibitor und zur Thera-
pie der erektilen Dysfunktion zuge-
lassen. In dieser Indikation zeigte 
das Medikament bisher ein ausge-
sprochen gutes Sicherheitsprofil, 
insbesondere ohne Nachweis rele-
vanter systemischer Blutdrucksen-
kung [12]. Bei Patienten, die auf-
grund einer kardiovaskulären Er-
krankung mit Nitropräparaten therapiert werden, sollte 
jedoch zur Vermeidung unerwünschter schwerer Hypo-
tonien von einer kombinierten Anwendung mit Silde-
nafil abgesehen werden.

Basierend auf experimentellen Vorkenntnissen lag 
es nahe, PDE-Inhibitoren zur Verlängerung und/oder 
Verstärkung der Wirkung von Prostanoiden einzuset-
zen. Zwei klinische Studien haben hierbei eindrucksvoll 
belegen können, dass Sildenafil per se ein potenter pul-
monaler Vasodilatator ist, der trotz systemischer Appli-
kation eine überraschende pulmonale Selektivität auf-
weist [13, 14]. Des Weiteren konnte eine deutliche syn-
ergistische Wirkung von oralem Sildenafil mit inhaliertem 
Iloprost dokumentiert werden. An 30 Patienten mit 
schwerer pulmonaler Hypertonie wurde hierbei ein Ver-
gleich der Wirksamkeit mit dem bekanntermaßen pul-
monal selektiven Vasodilatator inhaliertes NO durchge-

führt [14]. Hierbei zeigte sich, dass 50 mg orales Silden-
afil eine signifikant stärkere pulmonale Vasodilatation 
bewirkte als inhaliertes NO (PVR-Reduktion: ~ 25% 
[50 mg Sildenafil] vs. ~ 15% [~ 20 ppm NO]; Abbildung 
1). Im Hinblick auf mögliche kombinierte Anwendun-
gen von PDE-Inhibitoren und Prostanoiden zeigten 
beide Substanzen in dieser Studie einen eindrucksvol-
len Synergismus der Wirksamkeit (> 45% PVR-Reduk-
tion), bei erhaltener pulmonal selektiver Wirkweise 
und somit sehr guter Verträglichkeit. Auch bei pulmo-
naler Hypertonie als Begleiterkrankung einer interstiti-
ellen Lungenerkrankung zeigte Sildenafil ein einzigarti-
ges Wirkprofil. Obwohl Patienten mit Lungenfibrose 
und pulmonaler Hypertonie eine Prädisposition zu 
Oxygenierungsstörungen unter der Gabe von nichtse-
lektiven Vasodilatatoren haben, zeigte Sildenafil bei 
diesen Patienten (trotz oraler Gabe) nicht nur eine Se-

NO

Iloprost Sildenafil 50.0 mg

NO

Iloprost Sildenafil 50.0 mg

Iloprost

-50

-40

-30

-20

-10

0

P
V

R
 (%

 o
f 

ba
se

lin
e)

-50

-40

-30

-20

-10

0

P
V

R
 (%

 o
f 

ba
se

lin
e)

-50

-40

-30

-20

-10

0

P
V

R
 (%

 o
f 

ba
se

lin
e)

-50

-40

-30

-20

-10

0

P
V

R
 (%

 o
f 

ba
se

lin
e)

0 30 60 90 0 30 60 90 120

NO

Iloprost Sildenafil 12.5 mg

Time (min)

0 30 60 90 0 30 60 90 120
Time (min)

0 30 60 90 0 30 60 90 120 150 180
Time (min)

0 30 60 90 0 30 60 90 120 150 180
Time (min)

NO
Iloprost Sildenafil 12.5  mg

Iloprost

n = 7 n = 7

n = 8 n = 8

a

b

c

d

Abbildungen 1a bis 1d. Wirkung von inhaliertem Stickstoffmonoxid (NO) und Iloprost sowie 
oralem Sildenafil auf den pulmonalvaskulären Widerstand (PVR; modifiziert nach [14]).
Die prozentuale Reduktion des PVR unter NO-Inhalation, Iloprostinhalation und nach oralem 
Sildenafil ist hier dargestellt. a, b) Untersuchung einzelner Anwendungen der Medikamente. 
c, d) Zusätzliche Darstellung der kombinierten Gaben von Sildenafil – c) 12,5 mg, d) 50 mg – mit 
inhaliertem Iloprost (Ilomedin®). 
Figures 1a to 1d.  Comparison of pulmonary vasodilative potency of oral sildenafil, inhaled nitric 
oxide (NO) and inhaled iloprost (adapted from [14]). Comparative vasodilator testing was per-
formed in 30 patients with precapillary pulmonary hypertension. The relative reduction (in %) 
of PVR subsequent to inhaled NO, inhaled iloprost, and oral sildenafil is presented. a, b) Inves-
tigation of the effects of each single substance. c, d) Combinations of inhaled iloprost with 12.5 
mg (c) and 50 mg (d) oral sildenafil are displayed.
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lektivität im Sinne einer bevorzug-
ten Senkung des PVR, sondern auch 
im Sinne einer intrapulmonalen Se-
lektivität, welche sich in einer Ver-
besserung des Gasaustauschs aus-
drückte [15] (Abbildung 2).

In einer kürzlich publizierten 
Untersuchung konnte durch Silde-
nafil erstmalig eine Leistungssteige-
rung bei hypoxieinduzierter pulmo-
naler Hypertonie dokumentiert 
werden, welche nicht nur mit einer 
Drucksenkung im kleinen Kreislauf, 
sondern auch mit einer verbesserten 
Oxygenierung einherging [16].

Mittlerweile ist die zulassungsre-
levante Phase-III-Studie zur Behand-
lung der PAH mit Sildenafil zum Ab-
schluss gekommen. Die Ergebnisse 
wurden 2004 auf der Konferenz der 
ACCP (American College of Chest 
Physicians) in Seattle, WA, USA, 
vorgestellt. Hierbei zeigte sich Sil-
denafil in allen drei getesteten Dosen 
von 20 mg, 40 mg und 80 mg (jeweils 
dreimal täglich verabreicht) hochsig-
nifikant wirksamer in Bezug auf das 
Erreichen des primären Endpunkts 
(Verbesserung der 6-min-Gehstre-
cke; bis zu 50 m in der 80-mg-Grup-
pe) als Plazebo. Auch sekundäre Pa-
rameter, wie die Verbesserung der 
pulmonalen Hämodynamik sowie 
Parameter der Lebensqualität, waren 
signifikant verbessert. Zwischenzeit-
lich ist die Zulassung des Medika-
ments bei den US-amerikanischen 
und europäischen Behörden bean-
tragt.

Kombinationstherapien
In der klinischen Realität von Pati-
enten mit schwerer chronischer pul-
monaler Hypertonie ergibt sich lei-
der häufig die Situation, dass es trotz 
chronischer Therapie mit Prostano-
iden oder Endothelinantagonisten 
zu einer progredienten Verschlech-
terung des klinischen Zustands der 
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Abbildung 2. Hämodynamische und Gasaustauschveränderungen bei Patienten mit Lungenfi-
brose und schwerer pulmonaler Hypertonie (modifiziert nach [15]).
Relative Veränderungen der Messparameter nach Inhalation mit Stickstoffmonoxid [NO (inh.)], 
intravenösem Prostacyclin [PGI (i.v.)] und oralem Sildenafil [Sil (oral)] sind hier dargestellt. CO: 
Herzzeitvolumen; mPAP: mittlerer pulmonalarterieller Druck; mSAP: mittlerer systemisch-ar-
terieller Druck; paO2: arterieller Sauerstoffpartialdruck; PVR: pulmonalvaskulärer Widerstand; 
PVR/SVR: Relation von pulmonal- zu systemisch-vaskulärem Widerstand.
Figure 2. Hemodynamic and gas exchange response to inhaled nitric oxide [NO (inh.)], infused 
prostacyclin [PGI (i.v.)], and oral sildenafil [Sil (oral)] in patients with lung fibrosis and pulmona-
ry hypertension (adapted from [15]). 
Deviations from pre-intervention baseline are displayed for inhaled NO, infused prostacyclin, 
and oral sildenafil. CO: cardiac output; mPAP: mean pulmonary arterial pressure; mSAP: mean 
systemic arterial pressure; paO2: partial pressure of arterial oxygen (changes given in mm Hg); 
PVR: pulmonary vascular resistance index; PVR/SVR ratio: ratio of pulmonary to systemic vas-
cular resistance.
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Patienten kommt. Bisher wurden Patienten in einer sol-
chen Konstellation einer atrialen Septostomie als über-
brückende Maßnahme oder direkt einer Lungentrans-
plantation zugeführt (mit allen Einschränkungen, be-
dingt durch lange Wartezeiten auf Spenderorgane und 
bisher unbefriedigende Langzeitergebnisse nach Trans-
plantation). Wie erwähnt, zeigt Sildenafil auch in der 
Kombination mit z.B. inhaliertem Iloprost ein ausge-
sprochen gutes Wirkprofil bei dosisabhängig erhaltener 
pulmonaler Selektivität [14]. Eigene Erfahrungen be-
züglich der kombinierten Langzeitanwendung von Sil-
denafil mit inhaliertem Iloprost im Rahmen klinischer 
Heilversuche erbrachten hierbei sehr ermutigende Er-
gebnisse im Sinne einer Rekompensation von Patien-
ten, die trotz laufender Inhalationstherapie mit Iloprost 
zu dekompensieren drohten [17]. Eine weitere Untersu-
chung zur kombinierten Anwendung von Sildenafil und 
Bosentan zeigte ebenfalls einen Synergismus beider 
Therapien in Bezug auf eine Verbesserung der körper-
lichen Belastbarkeit [18]. Größere, plazebokontrollier-
te Studien sind notwendig, um abschließend die Fragen 
zu klären, 1. ob die Initiierung einer medikamentösen 
Therapie der pulmonalen Hypertonie mit mehreren 
Substanzen (z.B. PDE-Inhibitoren + Prostanoide oder 
PDE-Inhibitoren + ERA oder Prostanoide + ERA) ei-
ner einzelnen Therapie überlegen ist, 2. ob sich Patien-
ten, die sich unter einer Monotherapie verschlechtern, 
durch Hinzunahme einer weiteren aktiven Substanz 
verbessern lassen, und 3. welche Medikamentenkombi-
nation im Hinblick auf Effektivität und Verbesserung 
der Prognose am wirksamsten ist. Die Optimierung der 
funktionellen Belastbarkeit bei Patienten mit chroni-
schen pulmonalen Hypertonien sollte jeweils im Zen-
trum der therapeutischen Anstrengungen stehen, da 
diese von prognostischer Relevanz ist [19, 20]. Mögli-
cherweise werden in Zukunft Kombinationen aus drei 
oder gar mehr Medikamenten zum Standardregime in 
der Behandlung der pulmonalen Hypertonie gehören, 
um dieses Ziel zu realisieren.

Behandlung von Frühformen der pulmonalen 
Hypertonie

Derzeit gibt es keine generelle Empfehlung zur Thera-
pie von Frühformen der pulmonalen Hypertonie mit 
Vasodilatanzien. Die Rationale für den frühzeitigen 
Einsatz solcher Substanzen ergibt sich aus der Vorstel-
lung, sekundäre chronische (irreversible) Umbaupro-
zesse der Lungengefäße zu verhindern, die sich im Ge-
folge dauerhafter Vasokonstriktion (prinzipiell noch 

reversibel) ausbilden können. Die bisherige Zurückhal-
tung bezüglich einer frühzeitigen medikamentösen 
Therapie ist sicherlich zum einen durch die hohen Kos-
ten der etablierten Medikamente in Verbindung mit 
dem hohen apparativen Aufwand und zum anderen mit 
den teils erheblichen therapieassoziierten Nebenwir-
kungen zu erklären. Außerdem zeigte sich in Bezug auf 
einen therapeutischen Nutzen für infundierte Prostano-
ide, dass nur Patienten mit einem weit fortgeschrittenen 
Stadium der Erkrankung einen signifikanten Überle-
bensvorteil aufwiesen, während diejenigen mit milde-
ren Formen sogar tendenziell nachteilige Langzeiter-
gebnisse durch die Therapie aufwiesen [21].

Aufgrund des sehr guten Sicherheitsprofils, der ho-
hen Wirksamkeit und der verhältnismäßig niedrigen 
Therapiekosten könnte zukünftig dem oralen Sildenafil 
in der frühzeitigen Therapie latenter oder milder pul-
monaler Hypertonien eine wichtige Rolle zukommen, 
zumal auch in der zulassungsrelevanten Phase-III-Stu-
die mit dieser Substanz ein hoher Anteil von Patienten 
mit funktioneller NYHA-Klasse II erfolgreich behan-
delt werden konnte. Ebenso könnte dies für inhalierte 
Prostanoide bei weiterer Vereinfachung der Inhalati-
onstechnologie zutreffen. Studien zu diesen Fragen ste-
hen jedoch noch aus.
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