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Claims 20-27 stand provisionally rejected for alleged obviousness-type double patenting over 

claims 21-28 of copending Application No. 12/820980, claims 21-30 of copending Application 

No. 12/821020, and claims 21-29 and 37 of copending Application No. 12/821041. Claims 20-27 of 

the present application have been canceled and replaced with new claims 28-42. As the claims of all 

of the cited applications remain under prosecution and the obviousness-type double patenting 

rejections are provisional, it is premature to detennine whether a terminal disclaimer is appropriate. 

Applicants will consider that question at the point that the claims are deemed otherwise allowable. 

CONCLUSION 

Applicants have conclusively established, based on scientific reasoning and objective 

evidence that includes written statements by Dr. Wessel, that Atz & Wessel failed to teach one 

skilled in the art to avoid the use of inhaled nitric oxide in the patients recited in the present claims 

(neonates with left ventricular dysfunction who are not dependent on a right-to-left shunt). Indeed, 

even Dr. Wessel, the senior author of Atz and Wessel, expressly states that at the time of the original 

design of the INOT22 protocol, neither he, the study Sponsor, nor the other Steering Committee 

members appreciated or anticipated that a pediatric patient with left ventricular dysfunction who is 

not dependent on right-to-left shunting of blood would be at additional risk when treated with inhaled 

NO. Further evidence provided herein demonstrates that the opinion of Dr. Wessel is not an isolated 

one, as at least 115 additional medical experts who reviewed the original INOT22 protocol failed to 

suggest that the exclusion criteria be amended to exclude study subjects with pre-existing left 

ventricular dysfunction who are not dependent on right-to-left shunting of blood. 

Moreover, applicants have explained, based on scientific reasoning and objective evidence, 

that one of ordinary skill in the art would not have read Kinsella et al. as teaching that infants with 

congenital heart disease are at risk for adverse events if treated with inhaled nitric oxide; indeed, the 

Fraisse & Wessel article proves that it is well known in the art that inhaled nitric oxide is a 

"standard" treatment for pediatric cardiac patients. Finally, applicants have elucidated in detail why 

one of ordinary skill in the art would not have derived from Loh et al.'s statements about adults with 
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class III or class IV congestive heart failure and LVD anything of relevance to term or near-term 

neonates. The science-based explanations provided by applicants are fully supported by the 

objective evidence of nonobviousness of record in this application. Applicants submit that the claims 

are in condition for allowance, and such action is respectfully requested. 

Please apply any additional necessary charges or credits to deposit account 12-0769, 

referencing Attorney Docket No. 1001-0002USC1. 

Respectfully submitted, 

/Jonathan N. Provoost, Reg. No. 44,292/ 
Jonathan N. Provoost 
Attorney for Applicant and Assignee 
Associate General Counsel 
lkaria 
6 Route 173 
Clinton, NJ 08809 
Direct phone: (908) 238-6392 
Cell: (908) 391-3440 
Fax (legal dept.): (908) 238-6773 
jonathan. provoost@ikaria.com 

Dated: July 8. 2011 
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APPENDIX A 
(curriculum vitae of Dr. David L. Wessel) 
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CURRICULUM VITAE 

1) PERSONAL DATA 

Date prepared: 

Name: 

Home address: 

Home phone: 

Office Address: 

E-Mail Address: 

Place of Birth: 

Citizenship: 

April2011 

David Lloyd Wessel 

3251 Prospect St. NW, Suite 404 Washington, D.C. 20007 

202-342-0908 

Children's National Medical Center 
111 Michigan Ave, NW Suite 3W-1 00 Washington, DC 20007 
TEL: 202 476 5047 FAX: 202 476-5868 

dwessel@childrensnational.org 

Newton, Iowa U.S.A. 

United States 

2) EDUCATION: 

1972 B.S. 
1974 B.A. 
1978 M.D. 
1983 M.A. 

College of William and Mary (Physics), Williamsburg, VA 
Oxford University (Physiology), Oxford, England 
Yale University School of Medicine (Medicine), New Haven, CT 
Oxford University (Physiology), Oxford, England 

POSTDOCTORAL TRAINING: 
Internship and Residencies: 
1978-79 Intern in Pediatrics, Yale-New Haven Hospital, New Haven, CT 
1979-80 Resident in Pediatrics, Yale-New Haven Hospital, New Haven, CT 
1981-83 Resident in Anesthesia, Massachusetts General Hospital, Boston, MA 

Fellowships: 

Wessel Page 1 of 39 

1980-81 Fellow in Pediatric Cardiology and Intensive Care, Yale-New Haven Hospital, New Haven, CT 
1983-84 Fellow in Pediatric Cardiology, Children's Hospital, Boston, MA 
1984-85 Fellow in Anesthesia and Intensive Care, Children's Hospital, Boston, MA 

3) EMPLOYMENT 

CHILDREN'S HOSPITAL, BOSTON 
1985-87 Assistant in Anesthesia 
1985-88 Assistant in Cardiology 
1987-00 Associate in Anesthesia 
1988-89 Associate in Cardiology 
1988-07 Associate in Cardiovascular Surgery 
1988-02 Chief, Cardiovascular Intensive Care Unit 
1989-07 Senior Associate in Cardiology 
1995-02 Division Chief 
2000-07 Senior Associate in Anesthesia 
2002-03 Honorary Consultant, Royal Brompton Hospital, London, U.K. 
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CHILDREN'S NATIONAL MEDICAL CENTER, WASHINGTON, DC 
2007- Interim Chief, Division of Critical Care Medicine 
2007-09 Executive Director, Center for Hospital Based Specialties 
2009- Senior Vice President, Center for Hospital Based Specialties 
2010- I KARIA Distinguished Professor of Critical Care Medicine, Children's National Medical Center, 

Washington, DC 

ACADEMIC APPOINTMENTS: 
1980-81 Fellow in Pediatrics (Cardiology), Yale School of Medicine, New Haven, CT 
1981-83 Clinical Fellow in Anaesthesia, Harvard Medical School, Boston, MA 
1983-84 Clinical Fellow in Pediatrics, Harvard Medical School, Boston, MA 
1984-85 Clinical Fellow in Anaesthesia, Harvard Medical School, Boston, MA 
1985-86 Instructor in Anaesthesia, Harvard Medical School, Boston, MA 
1987-93 Assistant Professor of Anaesthesia (Pediatrics), Harvard Medical School, Boston, 
1987-94 Assistant Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
1994-99 Associate Professor of Pediatrics, Harvard Medical School, Boston, MA 
1999-02 Associate Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
2002-03 Visiting Professor Imperial College, University of London, London UK (4/02-4/03) 
2002-07 Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
2011- Professor of Pediatrics, George Washington University School of Medicine and Health Sciences, 

Washington, DC (pending) 

4) LICENSURE AND CERTIFICATION: 
1979 National Board of Medical Examiners 
1985-07 Massachusetts License Registration 
1985 American Board of Pediatrics (Permanent) 
1985 American Board of Pediatrics, Sub-board of Pediatric Cardiology (Permanent) 
1986 American Board of Anesthesiology (Permanent) 
1987 American Board of Pediatrics, Sub-board of Critical Care (Re-certified 1996, 2004, 201 0) 

5) PROFESSIONAL SOCIETIES & HONORS: 
1982- American Society of Anesthesiologists 
1982-2007 Massachusetts Medical Society 
1986- American Academy of Pediatrics 
1987- Society of Critical Care Medicine 
1987- American Society of Critical Care Anesthesiologists 
1987- Society of Pediatric Anesthesia 
1989- American Heart Association (Fellow) 
1991- Society of Cardiovascular Anesthesiologists 
1995- Society of Pediatric Research 
1999- Pediatric Cardiac Intensive Care Society - President 2000-2004; Vice President, 

Development 201 0-

AWARDS, HONORS AND NAMED LECTURES: 
1968 Maytag Scholar (industry sponsored competitive college scholarship) 
1971 Phi Beta Kappa 
1971 Omicron Delta Kappa 
1971 National Physics Honor Society (President) 
1972 General Honors (William and Mary) 
1972 Drapers' Scholar (Oxford) 
1972 Mathematics Honor Society 
1974 Balliol College Prize (Oxford) 
197 4 First Class Honours (Oxford) 
1978 Cum Laude (Yale) 
1978 Alpha Omega Alpha Honor Medical Society 
1978 Harry S. Greene Prize (Yale) 
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1994 Katkov-Lundeen Memorial Lecture, Minneapolis Children's Hospital, Minneapolis, MN 
1994 Saul Usher Memorial Lecture, Montreal Children's Hospital, Montreal, Canada 
1994 Farouk ldriss Memorial Lecture, Children's Memorial Hospital, Chicago, IL 
1995 A. W. Conn Lecture, Hospital for Sick Children, Toronto, Canada 
1995 DiCerbo Foundation Lectureship in Pediatric Critical Care, North Shore University Hospital, 

New York, NY 
1996 Teaching Award, Pediatric Cardiology, Children's Hospital Boston 
1997- Listed, Best Doctors in America, continuously since inception 
1999 29th Annual Jennifer B. Lalin Lecture, Babies Hospital, Columbia University College of 

Physicians and Surgeons, New York, NY 
2000 Tenth Anniversary Lecture, Taiwan Pediatric Association, Critical Care Sub Committee, 

Kaohsiung Veterans General Hospital, Taipei, Taiwan 
2001 Recipient, Papas Gift Award for Outstanding Clinical Care ($25,000 to Children's Hospital Boston) 
2002 M.A. (Honorary) Harvard University, Cambridge, MA 
2004 Keynote Address, Opening Ceremony, Annual Meeting of the European Society of Pediatric and 

Neonatal Intensive Care, London, United Kingdom 
2004 Leadership & Mentor Award: "In recognition of your contributions toward improving children's heart 

health," The Fifth International Symposium on Pediatric Cardiac Intensive Care co-sponsored by the 
Pediatric Cardiac Intensive Care Society and the Texas Children's Heart Center 

2005 Jared Ellsworth Memorial Lecture, Rainbow Babies and Children's Hospital, Cleveland, Ohio 
2006 Eddie Farrell Memorial Lecture, Massachusetts Society of Respiratory Care 
2007 Robert A. Boxer, M.D. Memorial Lecture, Schneider Children's Hospital LIJ, North Shore 
2010 John J. Downes, Jr.,M.D. Lecture, Cardiology 2010, Orlando, FL. Sponsored by Children's Hospital 

Philadelphia. 
2010 Outstanding Research Award in Pediatric Cardiology (Council on Cardiovascular Disease in the Young), 

AHA Scientific Sessions, Chicago, IL 
2010 Anthony Chang Honorary (Inaugural) Lecture. Pediatric Cardiac Intensive Care Society. 

6) ADMINISTRATIVE DUTIES & UNIVERSITY ACTIVITIES 

HOSPITAL AND HEALTH CARE ORGANIZATION SERVICE RESPONSIBILITIES: 
CHILDREN'S HOSPITAL. BOSTON 
1985-91 Attending Physician and Associate Director, Multidisciplinary Intensive Care Unit 
1985-07 Attending Physician in Cardiology (Intensive Care) 
1985-07 Attending Physician in Anesthesia (Cardiac) 
1985-07 Associate in Cardiovascular Surgery (teaching) 

CHILDREN'S NATIONAL MEDICAL CENTER. WASHINGTON. DC 
2007- Attending Physician in Critical Care Medicine, Cardiology, Cardiac Anesthesia 
2007- Member, Children's National Heart Institute 

MAJOR ADMINISTRATIVE RESPONSIBILITIES: 
CHILDREN'S HOSPITAL. BOSTON 
1988-02 Director, Cardiac Intensive Care Unit 
1990 Associate Director, Critical Care Pediatrics Training Program 
1993-02 Treasurer, Board of Directors, Boston Children's Heart Foundation including investigative 

1997-98 
1998-03 
1999-02 
2000-02 
2003-04 
2004-05 
2004-05 

and forensic accounting responsibilities surrounding departed chairman (1993-96) 
Board of Directors, Children's Hospital Physicians' Organization, Boston, MA 
Physician Leadership Council, Children's Hospital, Boston, MA 
Medical Director, Pharmacy, Children's Hospital, Boston, MA 
Clinical Sponsor, Critical Care Clinical Information System, Children's Hospital, Boston, MA 
Interdisciplinary Peer Review Assignments and Presentation of Critical Events to JCAHO 
Board of Directors, Boston Children's Heart Foundation 
Physician Leadership Council, Children's Hospital, Boston, MA 
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CHILDREN'S NATIONAL MEDICAL CENTER. WASHINGTON DC 
2007- Accountable executive for clinical Center of Excellence; $200M revenue, more than 700 full time 

employees. Includes divisions and departments of critical care medicine (both cardiac and pediatric ICU 
neonatology; hospitalist medicine (inpatient general pediatrics); emergency medicine; radiology; respirat 
care services (respiratory therapy); infectious disease, hospital infection control and epidemiology; 

2007-
2007-
2007-
2007-
2007-
2007-
2007-
2007-
2007-
2008-
2009-

endocrinology and the diabetes care complex; transport medicine, fetal and transitional medicine, ECM< 
Leadership Council 
Children's Hospital Foundation Board of Directors 
Critical Care Committee (Co-Chair) 
Executive Committee of the Medical Staff 
Executive Directors Council (Senior Vice President Council2008-) 
Hospital Based Specialties (HBS) Leadership Committee (Chair) 
HBS Campaign Council (Chair) 
Strategic Planning Council 
Interim Chief, Division of Critical Care Medicine 
Healthcare Review Committee (risk management financial governance) 
Steering Committee Strategic Planning Council (201 0-15) 

MAJOR COMMITTEE ASSIGNMENTS: 
HARVARD MEDICAL SCHOOL 
1996-98 Futility of Care Task Force, Harvard Medical School 
1999 Search Committee, Chief of Pediatric Pulmonary Medicine, Children's Hospital, Boston, MA 
2005-07 Ad Hoc Evaluation Committee for Professorial Promotion 

CHILDREN'S HOSPITAL. BOSTON 
1988-93 Multidisciplinary Intensive Care Committee 
1989-90 Chairman, Hospital Task Force on Sedation 
1990-92 Hospital HMO Committee 
1991-92 Medical Staff Quality Improvement Committee 
1991-93 Department Quality Improvement Officer 
1991 Hospital Review Committee for Department of Clinical Laboratories 
1992 Chairman, Nominating Committee, Medical Staff Association 
1992-99 Chairman, Special Care Units Committee 
1992 Hospital Search Committee for Director of Clinical Laboratories 
1992 Physician Advisory Committee on Computers 
1992 Operations Improvement Committee 
1993 Hospital Search Committee for MICU Director 
1993-01 Cardiovascular Program, Quality Improvement Committee 
1996-98 Product Standardization Council 
1998-01 Planning and execution committee for ICU electronic clinical information system 
1998-01 Clinical Oversight Committee for Transport 
2000 Nominating Committee, Physician's Organization 
2000-02 Chairman, Pharmacy and Therapeutics Committee 
2000-02 Hospital Task Force on Clinical Building and New Construction 
2000-06 ICU Committee 
2004-05 Committee on Pension Investments, Physicians' Organization 
2004-07 Quality and Outcomes Measurement, Physicians' Organization 
2005-07 Program for Patient Safety and Quality Implementation Committee 
2006 Hospital Search Committee for Non-invasive Cardiology Division Chief 
2006-07 Hospital Peer Review Panel 
2006-07 Physician Profile Task Force 
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DEPARTMENT OF CARDIOLOGY. CHILDREN'S HOSPITAL, BOSTON 
1988-01 Fellowship Selection Committee 
1998-02 Audit and Finance Committee 
1998-02 Computing Committee 
2004-05 Audit and Finance Committee 

CHILDREN'S NATIONAL MEDICAL CENTER. WASHINGTON DC 
2007-09 Facilities Leadership Committee 
2007- Growth Management/ CARE 
2007- NICU Steering Committee 
2007- Quality and Clinical Effectiveness Committee 
2007- Quality and Safety Council 
2007- Information Technology Oversight Committee 
2007-09 CTI Clinical Advisory Council (electronic medical record) 
2007- Task Force on Access/Referral 
2007-08 Hospital Search Committee for Cardiology Division Chief 
2007- Safety Transformation Advisory Council 
2009- Executive Oversight Committee (post graduate education) 
2009- Physicians Advisory Committee (third party payor contracts) 
2011- Physician Productivity Committee (Chair) 
2011- Internal Advisory Board, GWU I CNMC, for NIH funded CTSI Award (Chair) 

NATIONAL & INTERNATIONAL 
1995 Clinical Trials Review Committee (Ad hoc reviewer), National Institutes of Health 
1995-98 Invited Speaker, Cardio-renal Advisory Panel, U.S. Food and Drug Administration 
2004-06 Task Force ACC AHA AAP: Requirements for Pediatric Cardiac Critical Care Training 
2005-06 Multi-Societal Committee (PCICSIEACTSISTS) Complications in Pediatric and Congenital 

Cardiac Surgery Project 
2008- National Institute of Allergy and Infectious Disease Transplant Data and Safety Monitoring Board 

(DSMB) - Member 
2010 FDA Invited Speaker, Continuing Education Series 
2010 International Liaison Committee on Resuscitation (ILCOR): 201 0 Consensus Statement and 

Treatment Recommendations. 
2011 Joint American Heart Association (AHA) -American Thoracic Society Expert Guidelines Statement 

on Pediatric Pulmonary Hypertension. 

INDUSTRY 
1994-97 
1998-02 
1999-01 

2001-06 
2001-02 
2001-03 
2001-09 
2003 
2005-07 

2005-07 
2005-07 
2006-

2009 

Scientific Advisory Board on Nitric Oxide, Ohmeda Pharmaceuticals 
Curriculum Development Committee, INO Therapeutics 
Steering Committee, Prophylactic use of Primacor® in pediatric patients at high risk of developing 
low cardiac output syndrome following cardiac surgery. PRIMACORP study-Prophylactic 
intravenous use of milrinone after cardiac operation in pediatrics. Sanofi-Synthelabo Inc. 

Chairman, Advisory PaneiiNOTherapeutics 
Scientific Advisory Board AGA-Linde 
Protocol Planning Committee (POE V inhibitors) Pfizer 
Scientific Advisory Board for pulmonary hypertension research development, Pfizer 
Steering Committee for Multicenter Trial on Diagnostic Use of Inhaled Nitric Oxide 
Steering Committee for Multicenter Trial on Use of Nesiritide in Children, SCIOS (Johnson & 
Johnson) 
Advisory Committee on lloprost and Treatment of Pulmonary Hypertension in Children, Cotherix 
Advisory Board, Eli Lily Vardenafil for Pediatric Pulmonary Hypertension 
Steering Committee (Chairman) for Multicenter Trial on Use of Clopidogrel in Children (CLARINET), 
Bristol-Myers Squibb & Sanofi-Aventis 
Advisory Panel, Nesiritide Use in Pediatric Cardiovascular patients, Johnson & Johnson 
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COMMUNITY SERVICE RELATED TO PROFESSIONAL WORK: 
1994-97 Lecturer, Human Body Curriculum, Wellesley Public School System, Wellesley, MA 
1996 Hospital Spokesman, Boston/Filenes' Holiday Festival 
1996 Campaign for William & Mary, 25th Anniversary Committee 
2000-02 Hospital Spokesman, Capital Campaign and Children's Hospital Boston Fundraising, including keynote 

speaker, 2000 
2007- Multiple CNMC Fundraising and Community Benefit Events, presentations to Emeritus and Lady Visitor 

Boards, etc. 
2008 Speaker, CNMC Corporate Leadership Council "What's Up, Doc?" Breakfast, World Bank, Washington, 

D.C. 

EDITORIAL BOARDS/REVIEW COMMITTEES: 
Ad Hoc Reviewer: 

Acta Pediatrics 
American Journal of Cardiology, American Journal of Physiology 
American Review of Respiratory Diseases and Critical Care 
Anesthesia & Analgesia, Anesthesiology 
Annals of Thoracic Surgery 
Archives of Diseases of Childhood 
Cardiovascular and Interventions I Radiology 
Chest 
Circulation 
Critical Care Medicine 
European Heart Journal 
Future Cardiology 
Journal of Intensive Care Medicine 
Journal of Pediatrics 
Journal of Thoracic and Cardiovascular Surgery 
Mayo Clinic Proceedings 
Pediatrics, Pediatric Cardiology, Pediatric Critical Care Medicine, Pediatric Research 
Proceedings of the National Academy of Science 

Invited consultant, to review and make recommendations to institutional programs for pediatric cardiovascular care 
(national and international) 

Asked by Children's Hospital Boston to chair ad hoc committees reviewing sentinel events, other critical incidents and 
report the hospital's analysis and action to the Hospital's Board of Trustees, JCAHO, etc. 

7) EDUCATIONAL ACHIEVEMENTS 

REPORT OF TEACHING 
1. LOCAL CONTRIBUTIONS 

a) MEDICAL SCHOOL 
Yale University School of Medicine, New Haven, CT 
1975-76 Program leader, Cardiovascular physiology core lectures in Physician's Associate Program 

Designed lecture series for new PA program: 20 hours/year 

Harvard Medical School, Boston, MA 

1983-98 Instructor, Cardiovascular Physiology Animal Laboratory, Harvard Medical School 
Approximately 60 medical students; one day per year 

1985-89 Cardiovascular Pathophysiology, Laboratory section on congenital heart disease 
Approximately 30 medical students; half day per year 
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1985-89 PGY clerkship in Pediatrics 

Lecturer in Critical Care (Multidisciplinary ICU) 
2 medical students each lecture; 12 hours/year 

b) GRADUATE MEDICAL EDUCATION (LOCAL) 

Wessel Page 7 of 39 

1985-89 Didactic seminars on cardiovascular pathophysiology for pediatric critical care fellows and 
rotating residents 
Lecture once per week, 1 hour, 6 trainees per lecture 

1986-93 Developed and taught core curriculum: introduction to anesthesia and critical care for 
cardiologists 
Lecture once per week, 1 hour, six weeks, 20 fellows and junior faculty. Preparation, 40 hours 
per year 

1985-89 Co-developed tutorials on congenital heart disease and supervised core staff (3 tutors) for 
instruction of cardiology and cardiac ICU fellows during ICU rotation 
Lectures three mornings per week, 1/2 hour, 3-4 fellows; preparation, 2 hours per week 

1985-07 CICU attending rounds 
3 pediatric residents (1985-1989), 4-8 fellows and senior surgical residents; 18 hours/week, 
16-40 weeks/year (varies with year) 

1990-96 Chiefs' Ward Rounds 
3 medical students, 3 pediatric residents, 1 cardiology fellow; monthly 12 hours/year 

1996-07 Didactic lectures to cardiology fellows teaching program 
20 fellows 3 times per year 

2002-03 Didactic lectures (monthly) to trainees at Royal Brompton Hospital. London 

c) BOSTON INVITED TEACHING PRESENTATIONS (SELECTED) 
1984 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1991 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1992 Surgical Grand Rounds, Children's Hospital, Boston, MA 
1992 Medical Grand Rounds, Children's Hospital, Boston, MA 
1994 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1996 Anesthesia Grand Rounds, Massachusetts General Hospital, Boston, MA 
1996 PICU Teaching Sessions, Massachusetts General Hospital, Boston, MA 
1997 Surgical Grand Rounds, Children's Hospital, Boston, MA 
1997 Medical Grand Rounds, Children's Hospital, Boston, MA 
1998 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
2003 Grand Rounds and teaching rounds, Royal Brompton Hospital, London, UK 
2004 Neonatology Clinical Working Group, Children's Hospital, Boston, MA 
2004 Department of Respiratory Therapy Clinical Working Group, Children's Hospital, Boston, MA 
2005 Department of Cardiology, Didactic Series, Children's Hospital Boston, Boston, MA 

d) WASHINGTON DC AREA INVITED TEACHING PRESENTATIONS (SELECTED) 
• Chief Rounds Monthly to ICU & Cardiology fellows and staff (15-20 physicians, 2hrs/month), CNMC, DC 
• ICU Attending Rounds, Children's National Medical Center, DC 
• Clinical Research Presentation to ICUICardiology Fellows 2 times per year, Children's National Medical 

Center, DC 
• Grand Rounds, Children's National Medical Center, DC 
• Grand Rounds, Mary Washington Hospital, VA 
• Grand Rounds, Anne Arundel Medical Center, MD 
• Teaching Rounds, Division of Critical Care Medicine, National Institutes of Health 

Ex. 2007-0810



Wessel Page 8 of 39 

e) CONTINUING MEDICAL EDUCATION (LOCAL) 
1988 Lecturer 

Harvard Medical School, Continuing Education Course in Pediatric Anesthesia 
"Anesthesia for Congenital Heart Disease" 

1990 Lecturer 
Harvard Medical School Continuing Education Course in Pediatric Anesthesia 
"Common Congenital Cardiac Lesions" 

1989 Moderator 
Harvard Medical School, Continuing Education Course in Pediatric Cardiovascular Disease 

1993 Lecturer 
Symposium on Brain Injury and Cardiac Surgery, Harvard Medical School, Boston, MA 
"Choreoathetosis After Cardiopulmonary Bypass" 

1996 Lecturer 
Harvard Medical School Continuing Education Course in Pediatric Anesthesia 
"New Vasoactive Drugs" 

1998 Co-director, First Annual Course: Frontiers in the Diagnosis and Management of Congenital 
Heart Disease, Children's Hospital, Boston, Harvard Medical School, Boston, MA 

1999 Co-director, Second Annual Course: Frontiers in the Diagnosis and Management of 
Congenital Heart Disease, Children's Hospital, Boston, Newport, Rhode Island 

2001 Co-director, Third Annual Course: Frontiers in the Diagnosis and Management of Congenital 
Heart Disease, Children's Hospital, Boston, Newport, Rhode Island 

f) ADVISORY AND SUPERVISORY RESPONSIBILITIES (LOCAL) 
1987- Responsible for clinical supervision and educational component of critical care for cardiology 

fellows in a large pediatric cardiology training program (two months each year for each of 18 
fellows spread over 2-3 years of training). 

1990-02 Responsible as mentor for clinical, educational and clinical research activities of 2-3 senior 
clinical fellows each year. 

1985- Shared responsibilities for cardiovascular education and clinical supervision of pediatric critical 
care fellows in the CICU (3-5 months per year for 5-6 fellows spread over 2-3 years of 
training). 

1985-02 Shared responsibilities for critical care educational component of pediatric cardiovascular 
surgical training program (1 0 surgical residents each year rotating for 6 months each). 

1987-02 Responsible for medical education and clinical advisory tasks for continuing education 
seminars for 80 critical care nurses. 

g) LEADERSHIP ROLE (LOCAL) 
1998-01 Program Co-Director 

Annual Course, "Frontiers in Diagnosis and Management of Congenital Heart Disease" Shared 
responsibility for organizing and executing post graduate course attended by 200 pediatric 
cardiologists cardiovascular surgeons and nurses from the US and abroad. 
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h) NAMES OF SELECTED TRAINEES AND/OR FORMER CICU STAFF WHO HAVE CURRENT LEADERSHIP POSITIONS 
1985-88 Gil Wernovsky, MD, FACC *t§ 

Director of Program Development 
Former Director, Cardiac Intensive Care Unit 
The Children's Hospital of Philadelphia 
Professor of Pediatrics 
University of Pennsylvania School of Medicine 
Philadelphia, Pennsylvania 

1988-89 Ling Chen, MD * 
Director, Cardiac Intensive Care Unit 
Shanghai Children's Medical Center 
Shanghai, China 

1989-92 Pierre C. Wong, MD *t 
Cardiology Medical Director, Transplantation 
Children's Hospital of Los Angeles 
Los Angeles, California 

1989-92 Stephen J. Roth, MD, MPH *t 
Director, Cardiac Intensive Care Unit 
Lucile Packard Children's Hospital 
Associate Professor of Pediatrics 
Stanford University School of Medicine 
Palo Alto, California 

1989-92 Nancy Bridges, MD 
Chief, Transplantation Immunology Branch, Division of Allergy, Immunology, and 
Transplantation 
National Institute of Allergy and Infectious Disease 
Bethesda, Maryland 

1990-92 Howard A. Zucker, MD, FACC* 
Deputy Director of the World Health Organization 
Geneva, Switzerland 

1990-93 Kevin B. Churchwell, MD 
Chief Executive Officer (CEO) for Nemours/Alfred I. duPont Hospital for Children 
Wilmington, DE. 

1990-93 Anthony C. Chang, MD *t§ 
Medical Director, CHOC Children's Heart Institute 
Children's Hospital Orange County 
Orange, California 

1991-94 Jan Adatia, MB, ChB, MRCP (UK), FRCP (C) *t 
Director, Pediatric Cardiac Critical and Intermediate Care Program, 
Director, Pediatric Pulmonary Hypertension Clinic, 
Stollery Children's Hospital, 
Professor of Pediatrics 
University of Alberta 
Edmonton, Alberta, Canada 
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1992-96 Andrew M. Atz, MD *t§ 
Director, Pediatric Cardiac Intensive Care Unit 
The Children's Heart Program 
Associate Professor of Pediatrics 
Medical University of South Carolina 
Charleston, South Carolina 

1992-96 David P. Nelson, MD, PhD* 
Director, Cardiac Intensive Care 
Cincinnati Children's Hospital Medical Center 
Professor of Pediatrics 
Cincinnati, Ohio 

1992-97 Sarah Tabbutt, MD, PhD* 
Director, Pediatric Cardiac Intensive Care Unit 
UCSF Children's Hospital 
San Francisco, California 

1994-97 Ricardo A. Murioz, MD *t§ 
Director, Pediatric Cardiac Intensive Care 
Director, Global Business and Telemedicine 
Children's Hospital Pittsburgh 
Associate Professor of Pediatrics 
University of Pittsburgh 
Pittsburgh, Pennsylvania 

1994-99 Melvin C. Almodovar, MD *t§ 
Medical Director, Cardiac Intensive Care Unit 
Boston Children's Hospital 
Assistant Professor 
Harvard Medical School 
Boston, Massachusetts 

1995-96 Brendan O'Hare, MD * 
Consultant in Anesthesia and Critical Care 
Our Lady's Hospital for Sick Children 
Crumlin, Dublin, Ireland 

1995-96-Steven Schwartz, MD 
Director of Cardiac Intensive Care 
Hospital for Sick Children 
Assistant Professor of Pediatrics 
University of Toronto 
Toronto, Ontario, Canada 

1996-97 Alain Fraisse, MD *t 
Chief, Clinical Pediatric Cardiology 
Hopital D'Enfants de Ia Timone 
Professer of Pediatrics 
Universitaire de Marseille 
Marseille, France 
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1997-98 Guillermo Palacio, MD 
Director Pediatric Cardiac Intensive Care Unit 
Fundacion Cardio lnfantil 
Bogota, Colombia 

1997-98 Mary B. Taylor, MD* 
Director, Pediatric Cardiac Critical Care 
Cardiology and Critical Care 
Vanderbilt Children's Hospital 
Associate Professor of Pediatrics 
Vanderbilt University Medical Center 
Nashville, Tennessee 

1997-99 Rajiv Chaturvedi, MB BChir, MRCP (UK), MD* 
Pediatric Cardiology 
Hospital for Sick Children 
Assistant Professor 
University of Toronto 
Toronto, Ontario, Canada 

1998-01 Ravi Thiagarajan, M.D.* t § 
Director, Cardiac ECMO Program 
Children's Hospital Boston 
Associate Professor of Pediatrics 
Harvard Medical School 
Boston, Massachusetts 

1998-02 Peter C. Laussen, MBBS § 
Chief, Division of Cardiovascular Intensive Care 
D.O. Hansen Chair in Pediatric Anesthesia 
Senior Associate in Cardiology 
Children's Hospital Boston 
Professor of Anesthesia 
Harvard Medical School 
Boston, Massachusetts 

1998-99 Mary P. Mullen, MD, PhD*§ 
Director, Pulmonary Hypertension Program 
Assistant in Cardiology 
Children's Hospital Boston 
Assistant Professor in Pediatrics 
Harvard Medical School 
Boston, Massachusetts 

1999 Janet M. Simsic, M.D.* 
Director, Pediatric Cardiac Intensive Care Unit 
Nationwide Children's Hospital 
Columbus, Ohio 

2000 Erica A. Kirsch, MD* 
Director of Pediatric ECMO Program 
Associate Professor of Pediatrics 
University of Missouri-Kansas City School of Medicine 
Kansas City, Missouri 
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2003-05 Margarita Burmester, MBBS* t 
Consultant in Pediatric Intensive Care 
Royal Brompton Hospital 
Imperial College 
London, United Kingdom 

* Clinical Trainees 
t Research Trainees 
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§ Faculty in CICU, Children's Hospital Boston 
during my tenure as Chief 

TEACHING AND EDUCATIONAL LEADERSHIP ROLES (LOCAL AND INTERNATIONAL) 
1987 Critical Care Consultant for Project Hope and the Cardiac Intensive Care Unit, Xin Hua, 

Shanghai, China. Developed teaching program for critical care and supervised clinical training of 
physicians during 2-Smonth exchange programs. 

1996- Abstract and Program Reviewer for many National and International Societies including 
SPR, AHA, ACC, PCICS, World Congress 

2000 Invited faculty and cardiovascular program curriculum track convener 
Ill International Congress of Pediatric Intensive Care, Montreal, Canada. 

2002 Scientific Programme, Coordinator 
The Third Special Topics in Paediatric Cardiac Intensive Care, The Failing Myocardium 
Royal Brompton Hospital, Imperial College, London, United Kingdom 

2003 Invited faculty and cardiovascular program curriculum track convener 
IV International Congress of Pediatric Intensive Care, Boston, MA 

2004 Discussant Leader and Co-author (after Tom Kulik) on Critical Care Training Guidelines in 
Cardiology (SCCM, PCICS, AHA, ACC) 

2005 Scientific Program Committee Pediatric Cardiac Intensive Care Symposium 2005 (PCICS 2005), 
Miami, FL 

2006 Planning Committee, First International Conference on Childhood Pulmonary Vascular 
Disease, San Francisco, CA 2007 

2008 Critical Care Consultant, University of Mississippi Medical Center, Jackson, MS 

TEACHING AWARD(S) RECEIVED 
1996 Faculty Teaching Award, Dept. Cardiology, Children's Hospital, Harvard Medical School 
2010 Top rated faculty teacher for division of critical care medicine in trainee survey 

MAJOR CURRICULUM OFFERING, TEACHING CASES OR INNOVATIVE EDUCATIONAL PROGRAMS DEVELOPED 
1990-02 Developed a senior clinical fellowship training program for cardiac intensive care with short 

term training experience available through formal training program relationships with the 
MICU, Children's Hospital; PICU, Massachusetts General Hospital; Neonatology, Children's 
Hospital; Neonatology, University of Vermont. Long term (6-36 month) training program 
applicants accepted (2-3 per year) from candidates in advanced levels of fellowship training 
from national and international programs. 

Ex. 2007-0815



Wessel Page 13 of 39 

1988-90 In collaboration with the Cardiovascular Nursing Director, developed, reviewed and 
edited algorithms for care, nursing practice and clinical practice guidelines and quality 
improvement manuals for the Cardiovascular Program, Children's Hospital, Boston. 

2004 In collaboration with Pediatric Cardiac Intensive Care Society and the Training Program 
Directors for Pediatric Cardiology, coauthored (with T. Kulik and others) the report to the 
Joint Committee on Training Programs (AHAIACC) on training requirements in critical care 
for pediatric cardiology trainees. 

2008 As interim division chief of critical care medicine at Children's National Medical Center, I 
implemented and supervised a reorganization of the fellowship training program, its 
leadership and aspects of its curriculum 

8) CONSULTANT APPOINTMENTS 
VISITING PROFESSORSHIP: 

1986 Visiting Professor 
"Critical Care of the Child with Congenital Heart Disease" 
Department of Cardiology, Children's National Medical Center, Washington, D.C. 

1993 Visiting Professor, 
"Perioperative Care of the Neonate with Congenital Heart Disease" 
University of Southern California, Children's Hospital of Los Angeles 

1993 Visiting Professor 
"Nitric Oxide and ECMO Therapies for Persistent Pulmonary Hypertension of the Newborn" 
Schneider Children's Hospital, Albert Einstein College of Medicine, New York, NY 

1994 Visiting Professor 
"Perioperative Care of the Critically Ill Neonate with Congenital Heart Disease; Perioperative 
Management of Low Cardiac Output" 
Medical University of South Carolina, Charleston, SC 

1994 Visiting Professor 
"Inhaled Nitric Oxide in the Treatment of Children with Congenital Heart Disease" 
Dennison Young Memorial Symposium, Montefiore Medical Center, New York, NY 

1994 Visiting Professor 
"Care of the Critically Ill Neonate" 

Minneapolis Children's Hospital, Minneapolis, MN 

1994 Visiting Professor 
"Therapeutic Applications of Inhaled Nitric Oxide" 
Children's Memorial Hospital, Chicago, IL 

1994 Visiting Professor 
Grand Rounds: "Treatment of Pulmonary Hypertension" 
Montreal Children's Hospital, Montreal, Canada 

1995 Visiting Professor 
"Multidisciplinary Management of Complex Congenital Heart Disease" 
Anesthesia and Critical Care Grand Rounds, Hospital for Sick Children 
University of Toronto, Toronto, Canada 
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1995 Visiting Professor 
"Controversy in Critical Care: New Views of Simple Gases (02, C02. H2 and NO)" 

Anesthesia Grand Rounds, Children's Hospital of Philadelphia, Philadelphia, PA 

1995 Visiting Professor 
"Nitric Oxide: Magic and Medicine" 
Medical College of Georgia, Augusta, GA 

1995 Visiting Professor 
"Controversy in Critical Care: New Views of Simple Gases" 
Children's Hospital of Pittsburgh, Dept of Surgery, University of Pittsburgh, Pittsburgh, PA 

1995 Visiting Professor 
"Perioperative Care of the Newborn with Congenital Heart Disease" 
Division of Pediatric Cardiology, Yale University School of Medicine, New Haven, CT 

1997 Visiting Professor 
"Perioperative Care in the Child with Congenital Heart Disease" 
Pediatric Grand Rounds, Vanderbilt Children's Hospital, Nashville, TN 

2000 Visiting Professor 
"Newborns with Heart Disease: Extending the Limits of Intervention" 

Columbia-Presbyterian Medical Center, Babies Hospital, New York, NY 

2003 Visiting Professor 
"Treatment of Low Cardiac Output" 
Cardiovascular Rounds, Hospital for Sick Children, Great Ormand Street, 
London, United Kingdom 

2005 Visiting Professor 
Multiple lectures. University of Pittsburgh, Department of Critical Care Medicine, University of 
Pittsburgh Medical 
Center and the Children's Hospital of Pittsburgh 

2005 Visiting Professor 
" Progress and problems in the treatment of critical heart disease" 
Ellsworth Memorial Lecture, Pediatric Grand Rounds, Rainbow Babies & Children's Hospital, 
Cleveland, OH 

2006 Visiting Professor 
"Navigating a career in Medicine". Health Careers Club, College of William & Mary, 
Williamsburg, VA 

2009 Visiting Professor 
"The Challenges of Postoperative Care of the Child with CHD" 
Pediatric Grand Rounds, Vanderbilt Children's Hospital, Nashville, TN 

9) PRESENTATIONS 

NATIONAL 

1990 Seminar Moderator 
"Cardiovascular Disease" 
Fourth Pediatric Critical Care Colloquium, Waterville, NH 
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1991 Invited Lecture 
"Perioperative Management of Congenital Heart Disease" 
Annual Meeting, Society of Pediatric Anesthesia, San Francisco, CA 

1992 Workshop Faculty 
"Anesthesia for Congenital Heart Disease" 
Annual Meeting of the Society of Cardiovascular Anesthesiologists, Boston, MA 

1992 Invited Lectures 
"Perioperative Management & Decision making in the Neonate with Congenital Heart Disease" 
Critical Care Pediatrics Symposium, Arnold Palmer Hospital, Orlando, FL 

1992 Invited Lectures 
Multiple topics on Critical Care of Children with Heart Disease and 
"Treatment of Pulmonary Hypertension with Inhaled Nitric Oxide" 
First World Congress of Pediatric Critical Care, Baltimore, MD 

1992 Anesthesia Grand Rounds 
"Postoperative Care of the Child with Congenital Heart Disease" 
Maine Medical Center, Portland, ME 

1992 Invited Faculty 
"Postoperative Management of the Open Heart Surgery Patient" 
Society of Critical Care Medicine, Pediatric Critical Care Clinical Review Series, 
San Antonio, TX 

1993 NIH Invited Lecture 
"Nitric Oxide in Congenital Heart Disease" 
National Institutes of Health Workshop: The effects of Nitric Oxide on the Lung, Bethesda, MD 

1993 NIH Invited Lecture 
"Indications for NO in the Newborn with Heart Disease" 
National Institutes of Health Workshop on Nitric Oxide and the Perinatal Period, Bethesda, MD 

1993 Symposium 
"Nitric Oxide Gas in the Evaluation and Management of Pulmonary Hypertension" 

Annual Meeting of the American College of Cardiology, Anaheim, CA 

1993 Invited Lecture 
"New Strategies for Treating Pulmonary Hypertension" 
Annual Meeting, American Academy of Pediatrics, Washington, DC 

1993 Invited Lecture 
"Use of Inhaled Nitric Oxide for the Acute Treatment of Pulmonary Hypertension in Patients 

with Congenital Heart Disease" Annual Meeting, American Heart Association, Atlanta, GA 

1993 NIH Workshop Lecture 
"Nitric Oxide in the Perinatal Period" National Institutes of Health, Bethesda, MD 

1993 Invited Lecture 
"Inhaled Nitric Oxide for the Treatment of Persistent Pulmonary Hypertension of the Newborn" 
Fourth Annual New England ECMO Symposium, Children's Hospital, Boston, MA 
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1993 Symposium 
"Vasodilator Therapy and Inhaled Nitric Oxide in Children" Infant Hearts and Lungs
Transplantation and Alternative Strategies. 
Children's Hospital of Los Angeles, Long Beach, CA 

1994 Symposium 
"Update on Nitric Oxide" 
Annual Meeting, Society of Critical Care Medicine, Orlando, FL 

1994 Symposium 
"Nitric Oxide Gas in the Evaluation and Management of Pulmonary Hypertension" 
Annual Meeting of the American College of Cardiology, Atlanta, GA 

1994 Invited Lecture 
"Nitric Oxide for Pulmonary Hypertension" 
Post Graduate Course on Congenital Heart Disease 
American Association of Thoracic Surgery, New York, NY 

1994 Plenary Session 
"Inhaled Nitric Oxide for the Treatment of Pulmonary Hypertension in Children" 
International Conference on Biochemistry and Molecular Biology of Nitric Oxide, University of 
California, Los Angeles, CA 

1994 Guest Faculty 
"Nitric Oxide in the Treatment of Pulmonary Hypertension in Congenital Heart Disease" 
Pediatric Cardiology-The Failing Heart Conference, Given Biomedical Institute, University of 
Colorado, Aspen, CO 

1994 Invited Lecture 
"Perioperative Use of Inhaled Nitric Oxide" 
Annual Meeting of the American Academy of Pediatrics, Dallas, TX 

1994 Invited Faculty 
"Serious Heart Disease of the Neonate: Management" 
American Academy of Pediatrics Neoprep Course, St. Louis, MO 

1994 Invited Faculty 
"Perioperative Care of the Critically Ill Child with Congenital Heart Disease" 
Society of Critical Care Medicine, Pediatric Critical Care Clinical Review Series, San 
Francisco, CA 

1995 Invited Lecture 
"Pulmonary Hypertension and Nitric Oxide" 
Annual Meeting, American College of Cardiology, New Orleans, LA 

1995 Invited Lecture 
"Current Therapeutic Applications of Inhaled Nitric Oxide" 
International Business Communications, Nitric Oxide Conference, Philadelphia, PA 

1995 Invited Lecture 
"Choreoathetosis After Cardiopulmonary Bypass" 
Annual Meeting, American Society of Extra-Corporeal Technology, Boston, MA 

1995 Invited Lecture 
"Nitric Oxide for Perioperative Management of Congenital Heart Disease" 

Annual Meeting of the American College of Surgeons, New Orleans, LA 
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1995 Invited Lecture 
Controversy in Critical Care: New Views of Simple Gases 
DiCerbo Foundation Lectureship in Pediatric Critical Care, North Shore University Hospital, 
New York, NY 

1995 Dinner Speaker 
"Diagnostic and Therapeutic Applications of Inhaled Nitric Oxide" 
Annual Dinner Meeting, New York Society of Pediatric Critical Care Medicine, New York, NY 

1995 Pediatric Grand Rounds 
"Controversy in Critical Care: New Views of Simple Gases" 
Cornell University Medical Center, New York, NY 

1995 FDA Invited Lecture 

"Inhaled Nitric Oxide for the Treatment of Persistent Pulmonary Hypertension of the Newborn" 
Open Meeting, Cardiovascular and Renal Drugs Advisory Committee, United States Food & 
Drug Admin!stration, Bethesda, MD 

1995 FDA Invited Discussant 
"Use of Inhaled Nitric Oxide in Pediatrics" 
Division of Cardiorenal Drug Products, U.S. Food & Drug Administration Rockville, MD 

1996 Invited Lecture 
"Persistent Pulmonary Hypertension and Alveolar/Capillary Dysplasia" 
Pediatric Grand Rounds, Elliot Hospital, Manchester, NH 

1996 Invited Lecture 
"Clinical Use of Inhaled Nitric Oxide" 
International Business Communications Nitric Oxide Conference, Philadelphia, PA 

1996 Seminar Speaker 
"Postoperative Management of Pulmonary Hypertension in Pediatric Patients with Congenital 

or Acquired Heart Disease" Annual Meeting, American College of Cardiology, Orlando, FL 

1996 Invited Lecture 
"Inhaled Nitric Oxide-Clinical Experience" 
First International Meeting on Pediatric Cardiac Intensive Care, Miami, FL 

1996 Invited Lecture 
"Pre and Postoperative Manipulation of the Vascular Resistance" 
Annual Meeting, American Heart Association, New Orleans, LA 

1996 Invited Lecture 
"Current Concepts in Neonatology" 
Section on Perinatology, American Academy of Pediatrics and the Joint Program in 
Neonatology, Harvard Medical School, Boston, MA 

1997 Seminar 
"Medical Management of Perioperative Pulmonary Hypertension" 
Annual Meeting, Society of Critical Care Medicine, San Diego, CA 

1997 Invited Lecture 
"Nitric Oxide and the Treatment of Postoperative Pulmonary Hypertension" 
Second World Congress of Pediatric Cardiology and Cardiac Surgery, Honolulu, Hawaii 
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1997 Invited Lecture 
"Inhaled Nitric Oxide for the Treatment of Persistent Pulmonary Hypertension of the Newborn" 
Open Meeting, Division of Cardiorenal Drugs, United States Food & Drug Administration, 
Bethesda, MD 

1997 Invited Lecture 
"Perioperative Care of the Child with Congenital Heart Disease: New Treatment 
Strategies for Pulmonary Hypertension" 
Cardiothoracic Anesthesia Meeting, Washington University, St. Louis, MO 

1997 Plenary Session 
"Advances and Controversies in Cardiac Management" 

Tenth Annual Pediatric Critical Care Colloquium, Hot Springs, AR 

1997 Invited Faculty 
"Critical Care of the Child with Congenital Heart Disease" (moderator lecturer, judge) 
Second International Symposium on Pediatric Cardiac Intensive Care, Palm Beach, FL 

1997 Invited Speaker 
"Nitric Oxide in Neonatal Care" 
Topics in Neonatal and Respiratory Care, Brigham & Women's Hospital, Boston, MA 

1998 Invited Lectures 
"Cardiac Surgery in Neonates: Morbidity and Mortality" 
Charleston Symposium on Congenital Heart Disease, Medical University of South Carolina, 
Charleston, SC 

1998 Symposium 
"Advances in ICU Management for Congenital Heart Disease" 
Annual Meeting, American College of Cardiology, Atlanta, GA 

1998 Invited Lecture 
"Intensive Care After Neonatal Cardiac Surgery: State-of-the-Art" 
First Annual Course on Frontiers in Diagnosis and Management of Congenital Heart Disease, 
Boston, MA 

1999 Invited Faculty 
"Myocardial Support for Low Cardiac Output" 
Society of Critical Care Medicine 
Current Concepts in Pediatric Critical Care Course, San Francisco, CA 

1999 Invited Lecture 
"Nitric Oxide and the Treatment of Pulmonary Hypertension" 
Oral Presentation Moderator, Walk Rounds with the Professor 
28th Scientific Symposium, Society of Criti~cal Care Medicine, San Francisco, CA 

1999 Symposium 
"The Airway, Mechanical Ventilation and Cardiopulmonary Interaction" 

Annual Meeting, American Heart Association, Atlanta, GA 

1999 Invited Speaker 
"Nitric Oxide and New Therapies" 
Third International Symposium on Pediatric Cardiac Intensive Care, Miami, FL 
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2000 Invited Faculty 
.. Nitric Oxide in the Perioperative Management of CHD" 
Cardiology Y2K, Annual Update on Pediatric Cardiovascular Disease, Orlando, FL 

2000 Symposium 
"Intensive Care Unit Management After Surgery for Single Ventricle HLHS Syndrome" 
Annual Meeting, American College of Cardiology, Anaheim, CA 

2000 Invited Lecture 
"Perioperative Care of the Premature Newborn with Congenital Heart Disease" 
Castaneda Society Meeting, Boston, MA 

2000 Invited Faculty 
.. Perioperative Care of the Premature Newborn with Congenital Heart Disease" 

Tenth Charleston Symposium on Congenital Heart Disease, Charleston, SC 

2001 Invited Faculty 
"Clinical Research" 
The Changing Face of Pediatric Cardiology 1950-2000: A Tribute to Alexander S. Nadas, M.D. 
The Cardiovascular Program at Children's Hospital, Boston, MA 

2001 Invited Faculty 
"Cardiopulmonary Support in the Pediatric Cardiac Intensive Care Unit" 
Third Course on Frontiers in Diagnosis and Management of Congenital Heart Disease, 
Newport, Rl 

2001 Invited Faculty 
Diverse Topics 

Fourth International Symposium on Pediatric Cardiac Intensive Care, Palm Beach, FL 

2002 Invited Speaker 
"Sildenafil for Treatment of Pulmonary Hypertension" 
ECMO Meeting, Children's National Medical Center, Keystone, Colorado 

2002 Invited Speaker 
"Novel Pediatric Applications of Commonly Used Adult Drugs" 
Back to our Future: Establishing Safety and Evidence in Pediatric Research 
Duke University, FDA & Industry, Washington, DC 

2002 Invited Lecturer 
"The Future of Inhaled Nitric Oxide for Children with Congenital Heart Disease" 
CME Course in Hematology, Northwestern University Medical School 
Chicago, Illinois 

2002 Invited Faculty 
"Manipulating Vascular Resistance in the Newborn: Is it Feasible?" 

3rd International Pediatric Cardiovascular Symposium, Atlanta, Georgia 

2002 Invited Speaker 
"Viagra for Pulmonary Hypertension" 

Hot Topics in Neonatology, Washington, DC 
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2003 Plenary Speaker 
"Changes in Worldwide Activity and Mortality in Cardiac Intensive Care" 
Debate: "Cardiac Patients Need Their Own ICU" 
Symposium Chairman: "New Strategies in Treatment of Pulmonary Hypertension" 

4th World Congress of Pediatric Intensive Care. Boston, Massachusetts 

2004 Invited Faculty 
"Pharmacologic Management of Low Cardiac Output Syndrome After Congenital Heart 
Surgery" Current Concepts in Pediatric Critical Care Medicine Course 
Society for Critical Care Medicine, Orlando, Florida 

2004 Invited F acuity 
"Structure of a Training Program in Pediatric Cardiac Intensive Care" 
33rd Annual Meeting of the Society for Critical Care Medicine, Orlando, Florida 

2004 Invited Faculty 
"Reconciling FDA, Academic, and Industry Objectives in Pediatric Clinical Trials" 

Cardiology 2004, Orlando, Florida (Children's Hospital of Philadelphia) 

2004 Invited Speaker 
"Cardiac and Central Nervous System Interactions 
15th Annual Pediatric Critical Care Colloquium, New York City, New York 

2004 Invited Faculty 
"Advances in the Management of Pulmonary Hypertension" 
"Physician Perspective on Electronic Billing: 
Congenital Cardiovascular Surgery Symposium, San Diego, California 

2004 Invited Participant in "How To" Session 
"How to Evaluate and Manage Pediatric Patients with Pulmonary Hypertension" 
American Heart Association, Scientific Sessions 2004, New Orleans, LA 

2004 Invited Faculty, Special Session 
"Twenty Year Retrospective: The Early Years and Later'' 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2004 Invited Faculty 
"Nitric Oxide and the Intensive Care Setting" 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2004 Invited Faculty 
"How to Design and Conduct Drug Trials" 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2005 Invited Faculty 
"Therapies to Enhance the Effect of Inhaled Nitric Oxide" 
Symposium on New Directions in Nitric Oxide Therapy, Baylor College of Medicine, Texas 
Children's Hospital, Houston, Texas 

2005 Invited Speaker 
"Pulmonary Hypertension: Approaches to Management", 21 81 Annual Fetus and Newborn 
Conference, Boston, MA 
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2005 Invited Moderator 
"Low Birth Weight Neonates with Congenital Heart Disease", Pediatric Cardiac Intensive Care 
Symposium 2005 (PCICS 2005), Miami, FL 

2005 Invited Faculty 
Consensus Report on Treatment of Myocarditis. Pediatric Cardiac Intensive Care 
Symposium 2005 (PCICS 2005), Miami, FL 

2006 Invited Faculty 
"Challenges in Industry Sponsored Trials" and "Management of PVR in the Neonate" 
Ninth Annual Update on Pediatric Cardiovascular Disease (Children's Hospital of 
Philadelphia), Scottsdale, AZ 

2006 Invited Speaker 
Eddie Farrell Memorial Lecture, Massachusetts Society of Respiratory Care, Sturbridge, MA 

2006 Invited Faculty 
Second International Conference on Heart Failure in Children and Young Adults. Children's 
Hospital Orange County, Laguna Niguel, CA 

2007 Invited Speaker 
"Pulmonary Vascular Alterations in CHD" & "Drug Treatment for Pulmonary Hypertension". 
First International Conference on Childhood Pulmonary Vascular Disease, San Francisco, CA 

2008 Invited Speaker 
"Cardiac Critical Care: What's New and What Matters "STS Congenital Surgical Symposium, 
Ft. Lauderdale, Fl. 

2008 Invited Speaker 
Session Chair "Anticipating the Growing ACHD Population" 
Update on Pediatric Cardiovascular Disease - New and Evolving Concepts and Practices, 
Speaker: "Considerations for Caring for Adult Patients in a Pediatric ICU" & "Current Status of 
Inpatient Therapy" 
Scottsdale, AZ 

2008 Invited Speaker 
Forum Moderator: "Inhaled Nitric Oxide in the OR" 
ASA 2008 Annual Meeting, Orlando, FL 

2008 Invited Speaker 
"Postoperative Management and Outcome of the Term vs. Premature Newborn with 
Congenital Heart Disease" 
Management of Congenital Heart Disease in the Fetus & Neonate Symposium, Washington, 
DC 

2008 Invited Speaker 
"Pulmonary Hypertension" 
NPCNA Annual Fall Conference, Innovation and Inquiry in Pediatric Cardiology Nursing, 
Washington, DC 

2008 Invited Speaker 
"Critical Treatment Strategies for Acute Pulmonary Hypertension in Infants and Children 
cGMP-related Drugs » 
PCICS Annual Symposium 2008, Miami, FL 
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2009 Invited Speaker 
Session Moderator. "Cardiac Surgery" 
38th Annual Critical Care Congress of the Society of Critical Care Medicine, Nashville, TN 

2009 Invited Speaker 
Session Moderator. "Cardiac ECMO: State-of-the-Art" 
The 25th Annual CNMC Symposium: ECMO & The Advanced Therapies for Respiratory Failure 
Keystone, CO 

2009 Invited Speaker 
Session Moderator. "Pulmonary Vascular Alterations in Congenital Heart Disease" 
The 2nd International Neonatal and Childhood Pulmonary Vascular Disease Conference 
San Francisco, CA 

2009 Invited Speaker 
"Advances in Cardiac Intensive Care" 
9th Annual Cardiac Research Symposium -A. I. DuPont Hospital for Children, Nemours 
Symposia, Wilmington, DE 

2010 Invited Speaker 
"Cardiac Intensive Care: Celebrating Successes, Meeting Challenges" 
3rd Annual John J. Downes Lecture in Pediatric Anesthesia and Critical Care Medicine 
Orlando, FL 

2010 Invited Speaker 
"A Randomized Trial of Clopidogrel to Reduce Mortality and Shunt-Related Morbidity in Infants 
Palliated with a Systemic to Pulmonary Artery Shunt" 
Outstanding Research Awards (Council on Cardiovascular Disease in the Young) 
AHA Scientific Sessions, Chicago, IL 

2011 Invited Speaker 
"Workin~ with the FDA & Industry in Designing Pediatric Trials" 
The 21' Annual CNMC Symposium: ECMO & The Advanced Therapies for Respiratory Failure 
Keystone, CO 

2011 Invited Speaker 
"Resuscitation of the Patient with Pulmonary Hypertension" 
4th International Neonatal and Childhood Pulmonary Vascular Disease 
San Francisco, CA 

INTERNATIONAL 

1986 Invited Lecture 
"Recent Advances in the Intensive Treatment of Neonates with Congenital Heart Disease," 
A Week with the Experts, Ospedale Pediatrico Bambino Gesu, Rome, Italy 

1988 Invited Lecture 
"Perioperative Care of the Patient with HLHS" 
European Congress on Hypoplastic Left Heart Syndrome, Ospedale Pediatrico Bambino 
Gesu, Rome, Italy 
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1990 Invited Lecture 
"Perioperative Care of the Neonate with Congenital Heart Disease" 
Pediatric Critical Care Conference, Hospital for Sick Children, University of Toronto, Toronto 
Canada 

1991 Invited Lecture 
"Perioperative Intensive Care of the Child with Congenital Heart Disease" 
First International Pediatric Intensive Care Congress, Buenos Aires, Argentina 

1993 Invited Faculty 
"Regulation of the Pulmonary Circulation: Therapeutic Implications" 
First European Postgraduate Course in Neonatal and Pediatric Intensive Care, Berne, 
Switzerland 

1993 Invited Faculty 
"Pulmonary Hypertension: Pathophysiologic and Therapeutic Implications in Post Surgical 
Patients" Third International Meeting on Pediatric Intensive Care, University of Padova, Italy 

1993 Invited Lecture 
"Nitric Oxide to Test Pulmonary Vascular Reactivity to Control Hypertensive Crises and as a 
Potential Chronic Therapy" Canadian Cardiovascular Society, Vancouver, Canada 

1993 Invited Lecture 
"Nitric Oxide Inhalation after Correction of Congenital Heart Defects" 
International Conference on ARDS, Tutzing, Germany 

1994 Plenary Presentation 
"Perioperative Care of the Neonate" 
Cardiac Surgery Today: State of the Art, Onassis Medical Center, Athens, Greece 

1995 Invited Faculty 
"Nitric Oxide in the Treatment of Congenital Heart Disease" 
Annual Meeting of the Austrian Society for Lung Diseases, Gmunden, Austria 

1995 Plenary Speaker 
"Inhaled Nitric Oxide for Perioperative Management of Congenital Heart Disease" 
The VII Brazilian Congress of Intensive Care Medicine, Recife, Brazil 

1996 Invited Lecture 
"Nitric Oxide in Pulmonary Hypertension after Surgery for Congenital Heart Defects" 
Annual Meeting, European Society of Cardiology, Birmingham, United Kingdom 

1997 Symposium 
"The Failing Heart-Pediatric Aspects" 
The 7th World Congress of Intensive & Critical Care Medicine, Ottawa, Canada 

1997 Plenary Session 
"Inhaled Nitric Oxide" 
XXX Brazilian Pediatrics Congress and International Pediatric Symposium, Rio de Janeiro, 
Brazil 

1998 Invited Faculty 
Multiple lectures and workshops 
Pediatric Cardiac Intensive Care at the European Heart House 
European Society of Cardiology, Nice, France 
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1998 Invited Faculty 
Lectures on Congenital Heart Disease 
Argentine Congress of Cardiology, Buenos Aires, Argentina 

1999 Invited Lecture 
"Critical Aortic Stenosis in the Neonate" 
Second Postgraduate Course on Congenital and Acquired Heart Disease, Modena, Italy 

1999 Invited Lecture 
"Pathophysiology and Treatment of Pulmonary Hypertension 
Lund University Hospital, Lund, Sweden 

1999 Invited Lecture 
"Pulmonary Hypertension and Mechanical Support in Children with Heart Disease" 
Lindgren Children's Hospital at the Karolinska Institute, Stockholm, Sweden 

1999 Plenary Speaker 
"Frontiers in Pediatric Intensive Care" 
Annual Meeting, Society of Anesthesia and Critical Care, Gothenburg, Sweden 

1999 Invited Faculty 
"ICU Management of Two Stage Arterial switch" 
"The Role of Nitric Oxide in the Cardiac Patient" 
The First Hispano Latin American Course, Diagnosis and Management of Congenital Heart 
Disease, San Juan, Puerto Rico 

1999 Invited Lecture 
"Current Concepts in Post-operative Management" 
"ECMO in the New Millennium" 
Symposium on Pediatric Cardiology, Cordoba, Argentina 

1999 Invited Speaker 
"Inhaled Nitric Oxide" 
"Perioperative Care of the Newborn" 
The First Sino-American Symposium: New Developments in the Care of Children with 
Congenital Heart Disease, Shanghai Children's Medical Center, Shanghai, China 

2000 Invited Faculty and Track Convener 
"Issues in Perioperative Care" and multiple lectures 
The Third International Symposium on Pediatric Cardiac Intensive Care, Montreal, Canada 

2000 Invited Lecture 
"Endothelial Cell Function During Cardiopulmonary Bypass" 
5th World Congress on Trauma, Shock, Inflammation and Sepsis, Munich, Germany 

2000 Invited Lecture 
"Inhaled Nitric Oxide Therapy in Children after Cardiac Surgery" 
American Thoracic Society, 96th International Conference, Toronto, Canada 

2000 Invited Lecture 
"Pulmonary Hypertension and its Impact on Hemodynamics" 
Special Topics in Pediatric Cardiac Intensive Care Symposium, Royal Brompton & Harefield 
NHS Trust, London, United Kingdom 
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"Advances in Peri operative Care of the Child with Congenital Heart Disease" 
Tenth Anniversary Lecture, Kaohsiung Veterans General Hospital, Taiwan 

2000 Invited Lecture 
"Postoperative Care of the Child with AV Septal Defect" 
European Cardiovascular Surgery's Postgraduate Course, Frankfurt, Germany 

2000 Seminar 
"Postoperative Care of Patients with Hypoplastic Left Heart Syndrome" 
European Association of Cardio-Thoracic Surgery, Annual Meeting, Frankfurt, Germany 

2000 Plenary Lecture 
"Diagnosis and Treatment of Pulmonary Hypertension" 
XIX Pan American Congress of Pediatrics, Montevideo, Uruguay 

2000 Invited Lecture 
"Postoperative Management of the Child with D-Transposition of the Great Arteries" 
"Diagnosis and Management of Pulmonary Arterial Hypertension" 
I Pediatric Cardiology Symposium, Dr. Aldo Castaneda, Guatemala City, Guatemala 

2001 Invited Faculty 
"Pulmonary Hypertension and Nitric Oxide" 
"Assessing and Managing Premature Newborns for Surgical and Catheter Intervention" 
Harvard Winter Course in Congenital Heart Management, Dubai, United Arab Emirates 

2001 Invited Lecture 
"Brain Protection During CPB" 
V European Postgraduate Course in Neonatal and Pediatric Intensive Care, Bern, Switzerland 

2001 Invited Lecture 
"Strategic Management of the Patient after Surgery" 
Third World Congress of Pediatric Cardiology and Cardiac Surgery, Toronto, Canada 

2001 Invited Faculty 
Special Topics in Paediatric Cardiac Intensive Care- 2001, The Challenging Neonate, 
The Royal Brompton Hospital & The National Heart & Lung Institute, London, England 

2002 Moderator 
European Consensus Meeting on Inhaled Nitric Oxide 
European Society of Pediatric and Neonatal Intensive Care, Rome, Italy 

2002 Invited Faculty 
"Assessment of Myocardial Function in the ICU" 
"Postoperative Management After Staged Repair of HLHS" 
"ECMO Management of the Single Ventricle Circulation" 
New Era in Congenital Heart Management 
Universidad Complutense Madrid and Real Colegio Complutense en Harvard, The Heart 
Institute Hospital, Universitario "12 de Octubre", Madrid, Spain 
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2002 Guest Lecturer 
"Failing Hearts: The Paediatric Problem and Current Treatments" 
"Inhaled Nitric Oxide and Pulmonary Vasodilators for the Failing Right Heart" 
"Routine ECMO for Resuscitation" 
The Third Special Topics in Paediatric Cardiac Intensive Care, The Failing Myocardium 
Royal Brompton Hospital, Imperial College, London, United Kingdom 

2003 Invited Faculty 
"Support for the Failing Ventricle" 
"Management of Pulmonary Hypertension: From the OR to the Home" 
Debate: "Early Extubation is the Best Defense Against Postoperative Complications" 
First Asia Pacific Symposium on Pediatric Cardiac Intensive Care, Phuket, Thailand 

2003 Guest Lecturer 
"Pharmacologic Management of Pulmonary Hypertension" and Other Topics 
IX Curso de Actualizaci6n en Cardiologia Pediatrics, Madrid, Spain 

2003 Guest Lecturer 
"Recent Advances in the Use of Inhaled Nitric Oxide in Patients with Congenital Heart 
Disease". Inhaled Nitric Oxygen Symposium for Neonatologists. Madrid, Spain 

2003 Invited Participant 
Third World Symposium on Pulmonary Arterial Hypertension (WHO). Venice, Italy 

2003 Special Guest Lecturer 
"Indications for Inhaled Nitric Oxide in the Neonatal and Postoperative Care of Critically Ill 
Children" 
Annual Meeting of the German Society of Pediatric Cardiology. Weimar, Germany 

2003 Invited Speaker 
"Predicting and Treating Low Cardiac Output in the Postoperative Patient" 
Annual Meeting of the European Association of Cardiothoracic Surgeons. Vienna, Austria 

2003 Invited Faculty 
"The Paperless ICU" 
"Pulmonary and Systemic Vasodilators" 
"Genetic Basis for Heterotaxy'' 
Harvard Medical International, Children's Hospital Boston Course in Congenital Heart Disease 
Abu Dhabi, United Arab Emirates 

2003 Invited Speaker 
"Extracorporeal Membrane Oxygenation for Cardiopulmonary Resuscitation in Children" 
Hammersmith Hospital Workshop on Perfusion. London, United Kingdom 

2004 Keynote Speaker 
"Pulmonary Hypertension Therapy-Now and in the Future" 
Pulmonary Hypertension in Early Life, St. Guys and St. Thomas' Hospital 
London, United Kingdom 

2004 Keynote Address 
"Pulmonary Hypertension: State of the Art" 
Opening Ceremony, Annual Meeting of the European Society of Pediatric and Neonatal 
Intensive Care, London, United Kingdom 
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2005 Plenary Speaker 
"Recent Advances in Heart Failure and Pulmonary Hypertension", The Fourth World Congress 
of Pediatric Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

2005 Invited Speaker 
Controversy Session: "Inhaled lloprost is the Best Pulmonary Vasodilator?", The Fourth World 
Congress of Pediatric Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

2005 Invited Speaker 
Chair, Oral Presentations: "Cardiac Intensive Care", The Fourth World Congress of Pediatric 
Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

2006 Invited Faculty 
"Outcomes of Heart Failure in the ICU: Mechanisms of Postoperative Dysfunction." Congress 
of Ventricular Dysfunction in Childhood, OPBG Cardiovascular International. Rome, Italy 

2007 Invited Speaker 
Multiple Oral Presentations and Panel Chair 
Fifth World Congress on Pediatric Critical Care, Geneva, Switzerland 

2007 Invited Speaker 
"Cuidado perioperatorio del recien nacido con enfermedad cardiaca congenita", VI Annual 
Colombian Critical Care Congress, Medellin, Colombia 

2007 Invited Speaker 
"Postoperative Treatment of Pulmonary Hypertension," & "Postoperative Care of Hypoplastic 
Left Heart: Comparing Norwood with BT Shunt vs. Sana from Birth through the Fontan." 
International Cardiology Meeting, Avignon, France 

2008 Invited Faculty 
Plenary Lecture: "Pediatric Cardiac Intensive Care: Past, Present and Future"; "Dedicated 
Training Pathways in Pediatric Cardiac Intensive Care" & "How to plan a Research Study in 
ICU" 
PCICS Europe Symposium, Monte Carlo, Monaco 

2009 Invited Speaker 
"Acute Heart Failure Pathophysiology", Treatment of Postoperative Acute Cardiac Failure", 
"Mechanical Support of Acute Cardiac Failure" 
International Pediatric Cardiology Conference 
Cartagena, Colombia 

2010 Invited Faculty 
Session Moderator: Pulmonary Hypertension, Right Ventricular Function and Congenital Heart 
Disease 
3ro International Conference Neonatal and Childhood Pulmonary Vascular Disease 
Banff, Alberta, Canada 

2010 Invited Speaker 
"Intraoperative Care and Perioperative Management for Transposition" 
The World Society for Pediatric and Congenital Heart Surgery 
Antigua, Guatemala 
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10) GRANTS AWARDED 

FUNDING INFORMATION 

1987-89 The effects of ventilation on pulmonary vascular resistance in infants following cardiopulmonary bypass. 
Principal Investigator, American Society of Anesthesiologists Research Starter Grant. 

1988-91 Infant heart surgery: CNS sequelae of circulatory arrest. Co-Investigator, National Institutes of Health. 
Grant No. HL41786. 

1993-96 Ischemic neonatal brain injury: clinical and basic science. Co-investigator, National Institutes of Health. 
Grant No. P20 NS32570 

1994-96 Inhaled nitric oxide for the treatment of pulmonary hypertension and acute respiratory failure in children. 
Principal Investigator, Clinical Research Grant-in-Aid Award, Children's Hospital, Boston, 

Massachusetts. Grant No. CH 89430. 

1994-99Pathogenesis of brain injury in infant heart surgery. Clinical advisor I mentor to Dr. Adre J. DuPlessis, 
National Institutes of Health. Grant No. K08 NS01721 

1996-99 Dose response of inhaled nitric oxide in congenital heart disease. Principal Investigator, U.S. Food and 
Drug Administration. Grant No. FD R-001316. 

1997-99 Neurodevelopmental follow up of patients with PPHN in a randomized trial of nitric oxide. Principal 
Investigator, Industry Sponsored. 

1997-00 Echocardiographic assessment of right ventricular function in patients with pulmonary hypertension. 
Sponsor for Dr. Ricardo Munoz (MCAP), National Institutes of Health Grant No. M01 RR02172. 

2000-01 Prophylactic use of Primacor® in pediatric patients at high risk of developing low cardiac output 
syndrome following cardiac surgery. Principal Investigator, Industry Sponsored. 

2004-06 Principal Investigator (Boston) on three industry sponsored trials of sildenafil for treatment of pediatric 
pulmonary hypertension (see below). 

2004-08 A Randomized, Double-Blind, Placebo Controlled, Dose Ranging, Parallel Group Study of Oral 
Sildenafil in the Treatment of Children, Aged 1-16 Years, With Pulmonary Hypertension. Principal 
Investigator, Industry Sponsored 

2004-08 Multicenter, Long-Term Extension Study to Assess Safety of Oral Sildenafil in the Treatment of 
Subjects Who Have Completed Study A 1481131. Principal Investigator, Industry Sponsored 

2004-06 7-Day, Open-Label, Multicenter, Pharmacokinetic Study (Part 1) of IV Sildenafil in the Treatment of 
Neonates With Persistent Pulmonary Hypertension of the Newborn (PPHN) or Hypoxic Respiratory 
Failure and at Risk for PPHN. Principal Investigator, Industry Sponsored 

2006-08 Pilot Study of the Effects of Nesiritide on Hemodynamics and Urine Output Following Cardiopulmonary 
Bypass in Children. Co-investigator and mentor (John M. Costello); American Heart Association. 

2006-10 Multinational Trial on the Efficacy and Safety of Clopidogrel in Infants with Cyanotic Congenital Heart 
Disease Palliated with a Systemic to Pulmonary Shunt (CLARINET). (Chair, Steering Committee, 
Institutional Co-investigator). Industry Sponsored (Sanofi-Aventis). 
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Collaborative Pediatric Critical Care Research Network (CPCCRN). NIH-NICHD 
U10410HD049981. Principal Investigator; 20% effort. Base award over 5 years $925,000 direct 
costs plus annual awards for protocol funds (e.g. 2010 = $200,000) 
• Critical Pertussis in US Children. Protocol #001 
• The Critical Illness Stress-induced Immune Suppression Prevention Trial (CRISIS). Protocol 

#003 
• Development of a Quantitative Functional Status Scale (FSS) for Pediatric Patients. 

Protocol #004 
• Therapeutic Hypothermia after Pediatric Cardiac Arrest Trials (THAPCA). Protocol #010 
• Cortisol Quantification Investigation. Protocol #012 
• Measuring Opioid Tolerance Induces by Fentanyl (or Other Opioids). Protocol #026 
• Physician's Perspectives on the Physician-Parent Follow-Up Conference. 
• Pediatric Intensive Care Unit Bereavement Study 
• CPCCRN Asthma Study 

REPORT OF CURRENT RESEARCH ACTIVITIES 
1. My primary current research activity involves designing and executing national and international pediatric 
clinical trials. 

2. Safety and efficacy of type V phosphodiesterase inhibitors in children as selective pulmonary vasodilators 
and to augment vasodilatory potential of nitric oxide and attenuate rebound pulmonary hypertension. I was the 
overall primary scientific advisor in the development and execution of international multicenter randomized trials 
on type V inhibitors in pediatrics, Industry sponsored. Final publications in press. 

3. Outcome studies evaluating ventilator management, inotropic agents, mechanical support ofthe circulation 
and new strategies in the critical care management and perioperative care of 

a) premature newborns with congenital heart disease 
b) newborns after reparative surgery involving the right ventricle 
c) extracorporeal membrane oxygenation resuscitation of children with congenital heart disease. 

4. Multinational Trial on the Efficacy and Safety of Clopidogrel in Infants with Cyanotic Congenital Heart 
Disease Palliated with a Systemic to Pulmonary Shunt (CLARINET). (Chair, Steering Committee, 
Institutional Co-investigator). Industry Sponsored. 

5. I am the Principal Investigator (CNMC) and steering committee member for the NIH funded clinical 
research network with multiple active protocols listed above. 

11) PUBLICATIONS 

PAPERS IN REFEREED JOURNALS 

1. Hickey PR, Hansen DO, Wessel DL, Lang P, Jonas RA. Pulmonary and systemic hemodynamic responses to 
fentanyl in infants. Anesth Analg 1985;64:483-6. 

2. Hickey PR, Hansen DO, Wessel DL, Lang P, Jonas RA. Blunting of stress responses in the pulmonary 
circulation by fentanyl. Anesth Analg 1985;64:1137-42. 

3. Wessel DL, Keane JF, Fellows KE, Robichaud H, Lock JE. Fibrinolytic therapy for femoral arterial thrombosis 
after cardiac catheterization in infants and children. Am J Cardiol1986;58:347-51. 

4. Wessel DL, Lock JE. Transcatheter umbrella closure of congenital cardiac defects: technical considerations. 
Adv Bioeng (ASME). 1987;12:143-144. 

5. Wessel DL, Keane JF, Parness I, Lock JE. Outpatient closure of the patent ductus arteriosus. Circulation 
1988;77:1068-1071. 
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6. Castaneda AR, Mayer JE, Jonas RA, Lock JE, Wessel DL, Hickey PR. The neonate with critical congenital 
heart disease: repair- a surgical challenge. J Thorac Cardiovasc Surg 1989;98:869-75. 

7. DiDonato RM, Wernovsky G, Walsh EP, Colan SD, Lang P, Wessel DL, Jonas RA, Mayer JE Jr, Castaneda 
AR. Results of the arterial switch operation for transposition of the great arteries with ventricular septal defect: 
Surgical considerations and midterm follow-up data. Circulation 1989;80:1689-1705. 

8. Wernovsky G, Jonas RA, Colan SD, Sanders SP, Wessel DL, Castaneda AR, Mayer JE: Results of the 
arterial switch operation in patients with transposition of the great arteries and abnormalities of the mitral valve 
or left ventricular outflow tract. JAm Coli Cardiol1990;16:1446-1454. 

9. Bellinger DC, Wernovsky G, Rappaport LA, Mayer JE Jr, Castaneda AR, Farrell DM, Wessel DL, Lang P, 
Hickey PR, Jonas RA, Newburger JW. Cognitive development of children following early repair of 
transposition of the great arteries using deep hypothermic circulatory arrest. Pediatrics 1991 ;87:701-707. 

10. Chang AC, Wernovsky G, Kulik T J, Jonas RA, Wessel DL. Management of the neonate with transposition of 
the great arteries and persistent pulmonary hypertension. Am J Cardiol1991 ;68: 1253-1256. 

11. Chang AC, Hanley FL, Weindling SN, Wemovsky G, Wessel DL. Left heart support with a ventricular assist 
device in an infant with acute myocarditis. Crit Care Med 1992;20:712-715. 

12. Hickey PR, Wessel DL, Streitz SL, Fox ML, Kern FH, Bridges, NO, Hansen, DD. Transcatheter closure of 
atrial septal defects: Hemodynamic complications and anesthetic management. Anesth Analg 1992;7 4:44-
50. 

13. Wemovsky G, Giglia TM, Jonas RA, Mane SM, Colan SO, Wessel DL. Course in the intensive care unit after 
'preparatory' pulmonary artery banding and aortopulmonary shunt placement for transposition of the great 
arteries with low left ventricular pressure. Circulation 1992;86[supplll]ll133-139. 

14. Wong PC, Barlow CF, Hickey PR, Jonas RA, Castaneda AR, Farrell OM, Lock JE, Wessel DL. Factors 
associated with choreoathetosis after cardiopulmonary bypass in children with congenital heart disease. 
Circulation 1992;86[supplll]:ll118-11126. 

15. Chang AC, Wemovsky G, Wessel DL, Freed MD, Parness lA, Perry SB, O'Brien P, Van Praagh R, Hanley FL, 
Jonas RA, Castaneda AR, Mayer JE. Surgical management for late right ventricular failure after Mustard or 
Senning repair. Circulation 1992;86[supplll]:ll-140-ll-149. 

16. Chang AC, Kulik T J, Hickey P, Wessel DL. Real-time gas exchange measurement of oxygen consumption 
in neonates and infants after cardiac surgery. Crit Care Med 1993;21:1287-1295. 

17. lrazuzta J, Pearlman N, Pascucci R, Wessel DL. Effects of fentanyl administration on respiratory system 
compliance in infants. Crit Care Med 1993;21:1001-1004. 

18. Chang AC, Hanley FL, Wernovsky G, Rosenfeld H., Wessel DL, Jonas RA, Mayer JE, Castaneda AR. Early 
bidirectional cavopulmonary shunt in young infants: postoperative course and early results. Circulation 1993; 
86[supplll]:ll-149-11158. 

19. Hanley FL, Heinemann MK, Jonas RA, Mayer JE, Cook NR, Wessel DL, Castaneda AR. Repair of truncus 
arteriosus in the neonate. J Thorac Cardiovasc Surg 1993;105:1047-1056. 

20. Wessel DL. Hemodynamic responses to perioperative pain and stress in infants. Crit Care Med 1993; 
21 [suppi]:S361-S362. 
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21. Newburger JW, Jonas RA, Wernovsky G, Wypij D, Hickey PR, Kuban KCK, Farrell DM, Holmes GL, Helmers 
SL, Constantinou J, Carrazana E, Barlow JK, Walsh AZ, Lucius KC, Share JC, Wessel DL, Hanley FL, Mayer, 
JE, Castaneda AR, Ware JH. A comparison of the peri operative neurologic effects of hypothermic circulatory 
arrest versus low-flow cardiopulmonary bypass in infant heart surgery. N Engl J Med 1993;329:1057-1064. 

22. Wessel DL. Inhaled nitric oxide for the treatment of pulmonary hypertension before and after cardiopulmonary 
bypass. Crit Care Med 1993;21 [suppi]:S344-S345. 

23. Adatia I, Thompson J, Landzberg M, Wessel DL. Inhaled nitric oxide in chronic obstructive lung disease. 
Lancet 1993;341 :307-308. (Letter) 

24. Wessel DL, Adatia I, Giglia TM, Thompson JE, Kulik T J. Use of inhaled nitric oxide and acetylcholine in the 
evaluation of pulmonary hypertension and endothelial function after cardiopulmonary bypass. Circulation 
1993;88:2128-2138. 

25. Wessel DL, Adatia I, Thompson JE, Hickey PR. Delivery and monitoring of inhaled nitric oxide in patients 
with pulmonary hypertension. Crit Care Med 1994;22:930-938. 

26. Drucker N, Colan S, Lewis AB, Beiser A, Wessel DL, Takahashi M, Rosen FS, Baker A, Perez A, Newburger 
JW. Gamma globulin treatment of acute myocarditis in the pediatric population. Circulation 1994;89:252-257. 

27. Jonas RA, Hansen DO, Cook N, Wessel DL. Anatomic subtype and survival after reconstructive operation for 
hypoplastic left heart syndrome. J Thoracic Cardiovasc Surg 1994;107:1121-1128. 

28. duPlessis AJ, Treves ST, Hickey PR, O'Tauma L, Barlow CF, Costello J, Castaneda AR, Wessel DL. 
Regional cerebral perfusion abnormalities after cardiac operations. J Thoracic Cardiovasc Surg 
1994;107:1036-1043. 

29. Chang AC, Hanley FL, Lock JE, Wessel DL. Management and outcome of low birth weight neonates with 
congenital heart disease. J Pediatr 1994;124:461-466. 

30. Adatia I, Lillehei C, Arnold JH, Thompson JE, Palazzo R, Fackler JC, Wessel DL. Inhaled nitric oxide in the 
treatment of postoperative graft dysfunction after lung transplantation. Ann Thor Surg 1994;57:1311-1318. 

31. duPlessis AJ, Kramer U, Jonas RA, Wessel DL, Riviello JJ. West syndrome following deep hypothermic 
infant cardiac surgery. Pediatr Neurol 1994;11 :245-251. 

32. Lillehei CW, Shamberger RC, Mayer JE, Burke RP, Koka BV, Arnold J, Wessel DL, Landzberg M, Palazzo R. 
Size disparity in pediatric lung transplantation. J Pediatr Surg 1994;29(8):1152-1155. 

33. Chang, AC, Zucker HE, Hickey PR, Wessel DL. Pulmonary vascular resistance in infants after cardiac 
surgery: role of carbon dioxide and hydrogen ion. Crit Care Med 1995;23:568-574. 

34. Adalia I, Perry S, Landzberg M, Moore P, Thompson JE, Wessel DL. Inhaled nitric oxide and hemodynamic 
evaluation of patients with pulmonary hypertension before transplantation. JAm Coli Cardiol1995;25:1656-
1664. 

35. duPlessis AJ, Chang AC, Wessel DL, Lock JE, Wernovsky G, Newburger JW, Mayer JE. Cerebrovascular 
accidents following the Fontan operation. Pediatr Neural 1995; 12:230-236. 

36. Wernovsky G, Wypij D, Jonas RA, Mayer JE, Hanley FL, Hickey PR, Walsh AZ, Chang AC, Castaneda AR, 
Newburger JW, Wessel DL. Postoperative course and hemodynamic profile after the arterial switch operation 
in neonates and infants: A comparison of low-flow cardiopulmonary bypass and circulatory arrest. Circulation 
1995;92:2226-2235. 
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37. Betit P, Adatia I, Benjamin P, Thompson JE, Wessel DL. Inhaled nitric oxide: evaluation of a continuous 
titration delivery technique for infant mechanical and manual ventilation. Resp Care 1995;40(7):706-715. 

38. Chang AC, Atz AM, Wernovsky G, Burke RP, Wessel DL. Milrinone: Systemic and pulmonary hemodynamic 
effects in neonates after cardiac surgery. Crit Care Mad 1995;23:1907-1914. 

39. Curran RD, Mavroudis C, Backer CL, Sautel M, Zales VR, Wessel DL. Inhaled nitric oxide for children with 
congenital heart disease and pulmonary hypertension. Ann Thorac Surg 1995;60:1765-1771. 

40. Adatia I, Atz AM, Jonas RA, Wessel DL. Diagnostic use of inhaled nitric oxide after neonatal cardiac surgery. 
J Thoracic Cardiovasc Surg 1996;112:1403-1405. 

41. Atz AM, Adalia I, Jonas RA, Wessel DL. Inhaled nitric oxide in children with pulmonary hypertension and 
congenital mitral stenosis. Am J Cardiol1996;77:316-319. 

42. Atz AM, Adatia I, Wessel DL. Rebound pulmonary hypertension following inhalation of nitric oxide. Ann 
Thorac Surg 1996;62:1759-1764. 

43. Betit P, Grenier 8, Thompson JE, Wessel DL. Evaluation of four analyzers used to monitor nitric oxide and 
nitrogen dioxide concentrations during inhaled nitric oxide administration. Res Care 1996;41(9):817-825. 

44. Wessel DL. Simple Gases and Complex Single Ventricles. J Thoracic Cardiovasc Surg 1996;112:655-7. 

45. Hornberger LK, Colan SO, Lock JE, Wessel DL, Mayer JE. Outcome of patients with Ectopia Cordis and 
significant intracardiac defects. Circulation 1996;94[supplll] :11-32-11-37. 

46. du Plessis AJ, Jonas RA, Wypij D, Hickey PR, Riviello J, Wessel DL, Roth SJ, Burrows FA, Walter G, Farrell 
DM, Walsh AZ, Plumb CA, del Nido P, Burke RP, Castaneda AR, Mayer JE Jr., Newburger JW. Perioperative 
effects of alpha-stat versus pH-stat strategies for deep hypothermic cardiopulmonary bypass in infants. 

47. Christou H, Adatia I, Van Marter LJ, Kane JW, Thompson JE, Stark AR, Wessel DL, Kourembanas S. Effect 
of inhaled nitric oxide on endothelin-1 and cyclic guanosine 5'-monophosphate plasma concentrations in 
newborns with persistent pulmonary hypertension. J Pediatrics 1997;130(4):603-611. 

48. Walsh EP, Saul P, Sholler G, Triedman JK, Jonas RA, Mayer JE, Wessel DL. Evaluation of a staged 
treatment protocol for rapid junctional ectopic tachycardia after surgery for congenital heart disease. J Am 
Coli Cardiol1997;29(5):1046-1053. 

49. Tabbutt S, Duncan BW, McLaughlin D, Wessel DL, Jonas RA, Laussen PC. Delayed sternal closure after 
cardiac operations in a pediatric population. J Thorac Cardiovasc Surg 1997;113(5):886-893. 

50. Wessel DL, Adatia I, Thompson JE, Van Marter L, Kane JW, Stark AR, Kourembanas S. Improved 
oxygenation in a randomized trial of inhaled nitric oxide for persistent pulmonary hypertension of the newborn. 
Pediatrics 1997;100(5):1-7. 

51. Atz AM, Wessel DL. Inhaled nitric oxide in sickle cell disease with acute chest syndrome. Anesthesiology 
1997;87(4 ):988-990. 

52. AtzAM, Wessel DL. Inhaled nitric oxide and heparin for infantile primary pulmonary hypertension. The Lancet 
1998;351 :1701. 

53. Duncan BW, Ibrahim AE, Hraska V, del Nido PJ, Laussen PC, Wessel DL, Mayer JE Jr, Bower LK, Jonas RA. 
Use of rapid-deployment extracorporeal membrane oxygenation for the resuscitation of pediatric patients with 
heart disease after cardiac arrest. J Thorac Cardiovasc Surg 1998;116(2):305-311. 
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54. Weindling SN, Saul JP, Gamble WJ, Mayer JE, Wessel DL, Walsh EP. Duration of complete atrioventricular 
block after congenital heart disease surgery. Am J Cardiol1998;82(2):525-527. 

55. Atz AM, Adatia I, Lock JE, Wessel DL. Combined effects of nitric oxide and oxygen during acute pulmonary 
vasodilator testing. JAm Coli Card 1999;33(3):813-819. 

56. Christou H, Magnani 8, Morse OS, Allred EN, Van Marter LJ, Wessel DL, Kourembanas. Inhaled nitric oxide 
does not affect adenosine 5'-diphosphate-dependent platelet activation in infants with persistent pulmonary 
hypertension ofthe newborn. Pediatrics 1998;102:1390-1393. 

57. Duncan BM, Hraska V, Jonas RA, Wessel DL, del Nido, PJ, Laussen PC, Mayer JE, Lapierre RA, Wilson JM. 
Mechanical circulatory support in children with cardiac disease. J Thorac Cardiovasc Surg 1999; 117:529-

542. 

58. del Nido PJ, Duncan BW, Mayer JE, Wessel DL, LaPierre R, Jonas RA. Left ventricular assist device 
improves survival in children with left ventricular dysfunction after repair of anomalous origin of the left 
coronary artery from the pulmonary artery. Ann Thorac Surg 1999;67(1):169-172. 

59. Atz AM, Feinstein JA, Perry SB, Wessel DL. Preoperative management of pulmonary venous hypertension in 
hypoplastic left heart syndrome with restrictive atrial septal defect. Am J Card 1999;83:1224-1228. 

60. Atz AM, Wessel DL. Sildenafil ameliorates effects of inhaled nitric oxide withdrawal. Anesthesiology 
1999;91 :307-310. 

61. Munoz R, Laussen PC, Palacio G, Zienko L, Piercey G, Wessel DL. Changes in whole blood lactate levels 
during cardiopulmonary bypass for surgery for congenital cardiac disease: An early indicator of morbidity and 
mortality. J Thorac Cardiovasc Surg 2000;119:155-162. 

62. Munoz R, Laussen PC, Palacio G, Zienko L, Piercey G, Wessel DL. Whole blood ionized magnesium: Age
related differences in normal values and clinical implications of ionized hypomagnesemia in patients 
undergoing surgery for congenital cardiac disease. J Thorac Cardiovasc Surg 2000;119:891-898. 

63. Cataltepe S, Van Marter LJ, Kozakewich H, Wessel DL, Lee PJ, Levy HL. Pulmonary hypertension 
associated with nonketotic hyperglycinemia. J lnher Metab Dis 2000;23:137-144. 

64. Munoz R, Marcus E, Palacio G, Gauvreau K, Wessel DL, Colan SO. Reconstruction of three dimensional 
right ventricular shape and volume from three orthogonal planes. JAm Soc Echocardiogr 2000;13 (3):177-
185. 

65. Marcus EN, Munoz RA, Palacio G, Wessel DL, Colan SO. A new quantitative method for the diagnosis of right 
ventricular hypertensive disorders in 3 dimensions. JAm Soc Echocardiogr 2000;13(3):186-193. 

66. Christou H, Van Marter LJ, Wessel DL, Allred EN, Kane JW, Thompson JE, Stark AR, Kourembanas S. 
Inhaled nitric oxide reduces the need for extracorporeal membrane oxygenation in infants with persistent 
pulmonary hypertension of the newborn. Crit Care Med 2000;28(11):3722-3727. 

67. Ellington M Jr., O'Reilly D, Allred EN, McCormick MC, Wessel DL, Kourembanas S. Child health status, 
neurodevelopmental outcome, and parental satisfaction in a randomized, controlled trial of nitric oxide for 
persistent pulmonary hypertension of the newborn. Pediatrics 2001 ;107:1351-1356. 

68. Bacha EA, Almodovar MC, Zurakowski D, Wessel DL, Mayer JE Jr., Jonas RA, del Nido PJ. Surgery for 
coarctation of the aorta in infants weighing less than 2 kg. Ann Thorac Surg. 2001 ;71 (4):1260-4. 

69. Duncan BW, Bohn DJ, Atz AM, French JW, Laussen PC, Wessel DL. Mechanical circulatory support for the 
treatment of children with acute fulminant myocarditis. J Thorac Cardiovasc Surg 2001; 122(3):440-8. 
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70. Rosales AM, Walsh EP, Wessel DL, Triedman JK. Postoperative ectopic atrial tachycardia in children with 
congenital heart disease. Am J Cardiol2001; 88(10):1169-72. 

71. Hoffman TM, Wernovsky G, Atz AM, Bailey JM, Akbary A, Kocsis JF, Nelson DP, Chang AC, Kulik T J, Spray 
TL, Wessel DL. Prophylactic intravenous use of milrinone after cardiac surgery in pediatrics. (PRIMACORP) 
Study. Am Heart J 2002; 143:15-21. 

72. duPlessis AJ, Bellinger D, Gauvreau K, Plumb C, Newburger JW, Jonas RA, Wessel DL. Choreoathetosis 
following cardiac surgery in children. Long-term neurologic, cognitive, and behavioral outcome. Ped Neural 
2002; 27:9-17. 

73. Menache CC, du Plessis AJ, Wessel DL, Jonas RA, Newburger JW. Current incidence of acute neurologic 
complications following open-heart surgery in children. Ann Thorac Surg 2002; 73:1752-8. 

74. Booth KL, Roth SJ, Perry SB, del Nido PJ, Wessel DL, Laussen PC. Cardiac catheterization of patients 
supported by extracorporeal membrane oxygenation. JAm Coli Cardiol2002; 40:1681-6. 

75. Marcus EN, Munoz RA, Margossian R, Colan SO, Wessel DL. Echocardiographic assessment of the right 
ventricular response to hypertension in neonates on the basis of average-shaped contraction models. J Am 
Soc Echocardiogr 2002; 15:1145-53. 

76. Hoffman TM, Wernovsky G, Atz AM, Kulik TJ, Nelson DP, Chang AC, Bailey JM, Akbary A, Kocsis JF, 
Kaczmarek R, Spray TL, Wessel DL. Efficacy and safety of milrinone in preventing low cardiac output 
syndrome in infants and children after corrective surgery for congenital heart disease. Circulation 2003; 
107:996-1002. 

77. Atz AM, Munoz RA, Adalia I, Wessel DL. Diagnostic and therapeutic uses of inhaled nitric oxide in neonatal 
Ebstein's anomaly. Am J Cardiel. 2003 Apr 1;91(7):906-8. 

78. Newburger JW, Wypij D, Bellinger DC, duPlessis AJ, Kuban KC, Rappaport LA, Almirall D, Wessel DL, 
Jonas RA, Wernovsky G. Length of stay after infant heart surgery is related to cognitive outcome at age 8 
years. J Pediatr. 2003 Jul;143(1):67-73. 

79. Bailey JM, Hoffman TM, Wessel DL, Nelson DP, Atz AM, Chang AC, Kulik T J, Spray TL, Akbary A, Miller RP, 
Wernovsky G. A population pharmacokinetic analysis of Milrinone in pediatric patients after cardiac surgery. 
Journal of Pharmacokinetics and Pharmacodynamics, Vol 31, No 1, 2004 

80. Fraisse A, Geva T, Gaudart J, Wessel DL. Predictive factors of Doppler echocardiography in persistent 
pulmonary artery hypertension of the neonate (French). Arch Mal Coeur Vaiss, 2004; May:97(5):501-506. 

81. Fraisse A, Geva T, Gaudart J, Wessel DL. Doppler echocardiographic predictors of outcome in newborns 
with persistent pulmonary hypertension. Cardiology in the Young 2004 Jun;14(3):277-283. 

82. Adatia I, Atz AM, Wessel DL. Inhaled nitric oxide does not improve systemic oxygenation after the 
bidirectional cavopulmonary anastomosis. J Thorac Cardiovasc Surg 2005; 129(1):217-9. 

83. Kulik T, Giglia TM, Kocis KC, Mahoney LT, Schwartz SM, Wernovsky G, Wessel DL. ACCF/AHAIAAP 
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care. JAm Coli Cardiol2005; vol46(7): 1396-1399. 
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87. Allen HD, Bricker JT, Freed MD, Hurwitz RA, McQuinn TC, Schieken RM, Strong WB, Zahka KG, Sanders 
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DECLARATION OF DOUGLAS A. GREENE. M.D. 
UNDER 37 C.F.R. § 1.132 

I, Douglas A. Greene, do hereby declare the following: 

USSN: 12/820,866 

1. I currently hold the position of Executive Vice President and Head of Research 

and Development at INO Therapeutics LLC ("INO"), which is a wholly-owned subsidiary of 

Ikaria, Inc. A copy of my curriculum vitae is attached as Exhibit 1. 

2. I received an undergraduate degree in biology (cum laude) from Princeton 

University in 1966 and a doctoral degree in medicine (M.D.) from Johns Hopkins School of 

Medicine in 1970. 

3. I spent the next thirty years of my medical career (1970-2000) practicing and 

teaching medicine at some of America's foremost academic medical centers, including Johns 

Hopkins, Penn, Pitt, and the University of Michigan. At Michigan, I was a full professor of 

internal medicine, director of the Michigan Diabetes Research and Training Center, and chief of 

the Division of Endocrinology and Metabolism. 
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4. In 2000, I left Michigan to join Merck as Executive Vice President in charge of 

clinical sciences and product development. In this role, I supervised and directly managed all 

clinical research at Merck Research Laboratories, among other duties. 

5. In 2003, I left Merck for Sanoti-Aventis, where I became a Senior Vice President 

and Chief Medical Officer. My duties at Sanofi-A ventis included overseeing all aspects of pre

clinical and clinical regulatory development of the company's products and overseeing all 

medical aspects of the company's US business. 

6. In 2010, I joined INO, where- as noted above- I am presently Executive Vice 

President and Head of Research and Development. 

7. I have been shown a Non-Final Office Action issued by the United States Patent 

and Trademark Office (USPTO) on June 8, 2011 in a pending patent application having US 

serial number 12/820,866. This Non-Final Office Action rejected the pending claims of 

12/820,866 as "obvious" based on clinical interpretations presented by the USPTO regarding the 

teaching and disclosure of Atz & Wessel. (Seminars in Perinatology 1997, 21 (5), 441-455), 

Kinsella et al. (Lancet 1999, 354 I 061-1 065) and Loh et al. (Circulation 1994, 90, 2780-2785). 

Below is my professional opinion and interpretation of the arguments and clinical interpretations 

presented by the USPTO within the Non-Final Office Action of June 8, 2011, for 12/820,866 

(the "Office Action). 

8. On page 7 of the Office Action, the Examiner states: 

"Atz et a/. teach that: 'Caution should be exercised when administering NO to 
patients with severe left ventricular dysfunction and pulmonary hypertension. ' 
(page 452, left column). " 

A more complete excerpt from Atz & Wessel, p. 452, left column is as follows: 

"Caution should be exercised when administering NO to patients with severe 
left ventricular dysfunction and pulmonary hypertension. In adults with 
ischemic cardiomyopathy, sudden pulmonary vasodilation may occasionally 
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unload the right ventricle sufficiently to increase pulmonary blood flow and 
harmfully augment preload in a compromised left ventricle. The attendant 
increase in left atrial pressure may produce pulmonary edema .... A different 
but related phenomenon may be operative in the newborn .... " (emphasis 
added) 

Thus, although Atz & Wessel warns that "[c]aution should be exercised when administering 

nitric oxide (NO) to patients with severe left ventricular dysfunction and pulmonary 

hypertension[,]" this caution is specifically limited to two populations of patients. In the first 

population, the statement in Atz & Wessel p. 452, left column, is directed to adult patients with 

ischemic cardiomyopathy who also exhibit severe left ventricular dysfunction and pulmonary 

hypertension. This patient population is clearly different from the neonatal population that is the 

object of the teaching of the present claims. 

9. Further in the same paragraph, Atz & Wessel specifically refers to a second 

patient population, which is also distinct from that of the present patent application, to whom 

inhaled NO should not be administered, namely, neonates depending on right-to-left shunting of 

blood: 

"A different but related phenomenon may be operative in the newborn with 
severe left ventricular dysfunction and pulmonary hypertension. In these 
patients, the systemic circulation may depend in part on the ability of the 
right ventricle to sustain cardiac output through a right-to-left shunt 
across the patent ductus arteriosus. Selective pulmonary vasodilation may 
redirect the right ventricular output to the lungs and away from the systemic 
circulation." (emphasis added) 

For this second patient population, Atz & Wessel state that these patients exhibit a "different but 

related phenomenon" from that observed in adults with ischemic cardiomyopathy. This second 

population of patients consists of newborn patients with congenital heart disease and left 

ventricular dysfunction who are dependent on a right-to-left shunt through a ductus 

arteriosus in order to maintain peripheral circulation necessary to survive. In these patients, a 

patent ductus provides the only alternate pathway for blood being pumped by the right ventricle 

to bypass the dysfunctional left ventricle and thereby substitute for the dysfunctional left 

ventricle in providing life-sustaining blood flow to the peripheral circulation. Blood emerging 

Ex. 2007-0846



Applicant : 
Serial No. : 
Filed 
Page 

Baldassarre et at 
12/820,866 
22JUN10 
4 of 15 

Attorney's Docket No.: 1001-0002USC1 

from the right ventricle has only two possible pathways, either through the pulmonary circulation 

and then back to the dysfunctional left ventricle, or to pass through the patent ductus arteriosus in 

a right-to-left shunt to reach the systemic circulation. Inhaled NO dilates the pulmonary 

circulation, and therefore would divert blood to the lungs at the expense of the patent ductus 

arteriosus and systemic circulation, causing systemic vascular collapse and death. Again, this 

second patient population described by Atz & Wessel is also completely different from the 

patient population addressed in the present claims, which is term or near term neonates with left 

ventricular dysfunction who are NOT dependent upon right-to-left shunting. 

10. The risk of circulatory collapse in the subset of newborns with congenital heart 

disease and severe left ventricular dysfunction who are dependent upon a right-to-left shunt 

through a patent ductus arteriosus was well known in this field long before the Atz & Wessel 

publication, as evidenced by the contraindication stated in the US Food and Drug Administration 

(FDA) prescribing information for INOMAX® (nitric oxide) for inhalation from the time of its 

initial approval by the FDA in 1999: "CONTRAINDICATIONS: Neonates known to be 

dependent on right-to-left shunting of blood". 

11. As a result of the INOT22 study, it was recognized that a second population of 

neonates existed, distinct from the population described in Atz & Wessel, that had an increased 

risk of adverse events when inhaled NO was administered, namely: pediatric patients with left 

ventricular dysfunction who are not dependent upon right-to-left shunting of blood. In view 

of this newly identified risk, the FDA imposed the addition of a distinct and separate precaution 

to the prescribing information for INOMAX specifically cautioning about an additional risk of 

pulmonary edema for patients with left ventricular dysfunction (see paragraph 15). It is 

important to note that patients covered in the pre-existing contraindication (specifically neonates 

known to be dependent on right-to-left shunting of blood) were completely excluded from 

INOT22 by virtue of the labeled contraindication. The newly discovered risk of adverse events 

in neonates and children with left ventricular dysfunction who are not dependent on right-to

left shunting was not addressed, suggested or otherwise inferred from the teachings of Atz & 

Wessel, because when Atz and Wessel recommend that inhaled NO should be used with caution 
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44if at all", that warning relates to neonates who are dependent upon right-to-left shunting of 

blood - a completely different population of patients than the population that is addressed in the 

present claims. 

12. On page 7 of the Office Action, the Examiner further states: 

"Since pulmonary hypertension is instantly claimed, then the subject 
intrinsically has hypoxic respiratory failure. " 

This statement is not medically accurate. Pulmonary hypertension occurs in many conditions 

other than hypoxic respiratory failure, such as congenital heart disease, maternal use of serotonin 

reuptake inhibitors, idiopathic pulmonary hypertension, etc. 

13. On page 7 and 8 of the Office Action, the Examiner states: 

"Atz et a/. continues with: 'Therefore, in newborns with severe left ventricular 
dysfunction, predominantly left to right shunting at the foramen ovale and 
exclusively rigltt to left siiUnting at t/1e ductus arteriosus, NO should be used 
with extreme caution, if at all. We and others have reported adverse outcomes 
in this circumstance. ' (p. 452, left column) (emphasis differing from original). " 

This statement merely reiterates the "caution,, delivered by Atz & Wessel for the second 

population of patients identified in that publication, namely neonates dependent upon a right

to-left shunt at the ductus arteriosus. In this statement, Atz & Wessel simply teach that patients 

with severe left ventricular dysfunction dependent upon an exclusively right-to-left shunt at the 

ductus arteriosus often have coexistent predominantly left-to-right shunt at the foramen ovate. 

This additional left-to-right shunt at the foramen ovate, upstream from the dysfunctional left 

ventricle, permits blood to bypass the dysfunctional left ventricle and enter the right side of the 

heart, thereby enhancing the ability of the right ventricle to pump sufficient blood through the 

ductus arteriosus to maintain the systemic circulation. The population of patients dependent 

upon right-to-left shunting of blood (with or without shunting at the foramen ovate) was already 

excluded by the pre-existing FDA-mandated contraindication for inhaled NO, and is distinct 

from the patient population addressed in the present claims. 
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14. On page 8 of the Office Action, the Examiner states: 

"Atz et a/. thus identify conditions in the patients which is screening of the 
patient. Thus, Atz et a/. fairly teaches excluding patients which include 
neonates with left ventricular dysfunction from inhaled NO treatment because 
the Examiner interprets "if at all" to mean no treatment and hence exclusion 
from treatment. The left ventricular dysfunction is intrinsically pre-existing. " 

This statement misinterprets the teaching of Atz & Wessel. Specifically, "if at all" refers to the 

second patient population, wherein no treatment is allowed in the population of newborn 

''patients dependent upon right-to-left shunting of blood" who are at risk for circulatory collapse. 

Because these patients were already contraindicated in the drug labeling for inhaled NO prior to 

INOT22 (see paragraph 10 above), they were excluded from INOT22 and more importantly, are 

distinct from the patients identified in the new inhaled NO safety warnings mandated by the 

FDA in view of the risk that was newly identified as a result of the INOT22 study. 

15. On February 25, 2009, INO Therapeutics LLC (owner ofNDA 20845) submitted 

a label supplement to the FDA seeking to amend the prescribing information (i.e., the "label") 

for INOMAX® (nitric oxide) for inhalation, to include a new warning statement based on the 

unexpected outcome of the INOT22 study On August 28, 2009, the FDA approved the 

INOMAX® label supplement to include the following new information: 

WARNINGS AND PRECAUTIONS 

Heart Failure: In patients with pre-existing left ventricular dysfunction, inhaled 
nitric oxide may increase pulmonary capillary wedge pressure leading to 
pulmonary edema (5.4). 

5 WARNINGS AND PRECAUTIONS 

5. 4 Heart Failure: Patients who had pre-existing left ventricular dysfunction 
treated with inhaled nitric oxide, even for short durations, experienced serious 
adverse events (e.g., pulmonary edema). 

Thereafter, similar warnings were added to the INOMAX label by Health Authorities in 

Japan, Europe, Canada and Australia. The FDA (and it's counterparts in foreign nations) would 
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not add new warnings and precautions to the label of an approved drug that merely restate a 

known contraindication already existing on the approved drug label. Indeed, the new FDA

approved warnings for the use of nitric oxide are clinically distinct from the existing, original 

INOMAX contraindication disclosed by Atz & Wessel, with respect to neonates dependent on 

right-to-left shunt. 

16. On page 8 and 9 of the Office Action, the Examiner states: 

"Kinsella et a/. teach excluding patients (premature neonates) from inhaled 
nitric oxide treatment if they have fatal congenital anomalies or congenital 
heart disease (Abstract and p. 1062, Methods). Since left ventricular 
dysfunction is a congenital heart disease, as acknowledged by Applicant, (see 
specification [0028}), and it would be pre-existing, then the methods of 
Kinsella et a/. intrinsically exclude this patient population from the method. . .. 
The intended patient population is intrinsically at risk of one or more adverse 
events. Patients are intrinsically identified for nitric oxide inhalation 
treatment, diagnosed for congenital heart disease which intrinsically includes 
left ventricular dysfunction, and if the patient meets the criteria then treatment 
with NO is performed thereby reducing the risk of adverse events associated 
with the treatment. " 

Based on these statements, it is clear that the Examiner fails to understand several critical aspects 

of the study of Kinsella et al. 

17. First and foremost, the patients included in the Kinsella et al. trial were premature 

neonates who have severe respiratory failure due to immature lungs and surfactant deficiency, 

rather than term and near-term neonates suffering from pulmonary hypertension. In addition, 

none of the premature neonates enrolled in Kinsella et al. suffered from pulmonary hypertension. 

Thus, the patients included in Kinsella et al. were clinically differentiated, by age, etiology and 

pathophysiology, from the term and near-term neonates addressed in the present claims. 

18. Secondly, exclusion of patients from a particular study may occur for a variety of 

reasons. For example, clinical trial inclusion and exclusion criteria are often chosen to define or 

restrict the study population in order to maximize homogeneity, thereby minimizing the presence 

of potentially confounding factors. This exclusion greatly facilitates the interpretation of the 

Ex. 2007-0850



Applicant : Baldassarre et al 
12/820,866 
22JUNIO 

Attorney's Docket No.: 1001-0002USC1 
Serial No. : 
Filed 
Page 8 ofl5 

study results, and increases the soundness of the conclusions reached in the study. Accordingly, 

patients with background disease sufficiently severe to overwhelm or confound an expected 

treatment effect are systematically identified and excluded quite independently from 

considerations of anticipated safety or efficacy of the test article in this particular patient group. 

19. For example, patients with malignancy are often excluded from non-oncologic 

clinical trials, not because the test agents are unsafe, pose any specific risk in this population, or 

will not work, but rather because the clinical results will be confounded by the wholly unrelated 

effects of the underlying malignancy, thereby reducing the power of the clinical trial to answer a 

specific hypothesis regarding the test treatment. As a specific example, exclusion of patients 

with malignancy or advanced heart failure from cholesterol lowering trials does not imply that 

statins are unsafe or ineffective in these patients, but rather that their inclusion would confound 

the potential effects of statins on overall mortality or cardiovascular events. 

20. In the specific case of Kinsella et al., it is clear that one of ordinary skill in the art 

would understand that the patients having fatal congenital anomalities or congenital heart disease 

were excluded not because of a suspected safety risk of treating these patients with inhaled NO 

(e.g., a risk of pulmonary edema), but rather solely because the inclusion of such patients would 

have made it much more difficult - if not impossible - for Kinsella et al. to interpret the target 

outcomes of the study (i.e., would have "confounded" the results). 

21. On page 9 of the Office Action, the Examiner states: 

Loh et a/. teach that inhaled nitric oxide in patients with left ventricular 
dysfunction may have adverse effects in patients with LV failure (Title and 
Abstract). Loh et a/. clearly teaches that patients with pulmonary artery wedge 
pressure, which is synonymous with the instantly claimed pulmonary capillary 
wedge pressure, of greater than or equal to 18mm Hg had a greater effect of 
inhaled NO due to the greater degree of reactive pulmonary hypertension 
present in such patients (p. 2784, left column). Loh et a/. state: "Since the 
degree of reactive pulmonary hypertension is generally related to the severity 
of hemodynamic compromise in patients with LV failure, it might be 
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anticipated that patients with more severe heart failure will have a more 
marked hemodynamic response to inhaled NO. " Loh et a/. examined this 
prediction further and verified it (p. 2784, left column). 

The Examiner apparently neglects to consider that the acute hemodynamic effect of inhaled NO 

was studied by Loh et al. only in adult patients with New York Heart Association Class III or IV 

congestive failure due to coronary artery disease or dilated cardiomyopathy, not in term or near

term neonates who were not dependent upon right-to-left shunting. Thus, their observations do 

not teach, or even suggest, the risk of inhaled NO in neonates or children with pulmonary 

hypertension and left ventricular dysfunction who are not dependent on right-to-left shunting of 

blood, the population that is addressed in the present claims. 

22. The underlying etiologies and hemodynamic characteristics of both the primary 

heart disease and the increased pulmonary vascular resistance are drastically different from 

adults, as compared to non-adults, such that one cannot readily assume or anticipate clinical 

results within adults to translate into neonates or children. In particular, left ventricular 

dysfunction in neonates with congenital heart disease is primarily due to developmental 

structural disease of the heart, inborn errors of metabolism that impair energy generation in the 

heart muscle, or viral infection. Class III or class IV congestive heart failure in adults (in 

contrast to congenital heart disease in neonates or children) is due to ischemic or dilated 

cardiomyopathy, mostly secondary to coronary artery disease and/or chronic systemic 

hypertension. Pulmonary hypertension associated with neonatal congenital heart disease is 

secondary to chronic hypoxemia, developmental abnormalities of the pulmonary blood vessels 

and/or pulmonary vascular damage from abnormally high blood flow and/or pressure through the 

pulmonary vasculature, resulting in evident disease of the lung vasculature. In contrast, 

increased pulmonary vascular resistance in adult Class III or IV congestive heart failure is due to 

reactive pulmonary vasoconstriction secondary to increased sympathetic tone or circulating 

vasoactive molecules (Loh et al., p. 2780, left column) in otherwise structurally normal blood 

vessels. Therefore, the hemodynamic responses to pulmonary vasodilation by inhaled NO in 

children or neonates, without right-to-left shunting of blood, but with significant pulmonary 

hypertension and left ventricular dysfunction cannot be reasonably predicted from the 

hemodynamic responses to pulmonary vasodilation by inhaled NO of adults with advanced 
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atherosclerotic congestive heart failure and reactive neuro-humoral pulmonary vascular 

constriction (with or without pulmonary hypertension) as described by Loh et al. 

23. On page 10 of the Office Action, the Examiner states: 

"It would have been obvious to one of ordinary skill in the art at the time the 
claimed invention was made to perform the method of Atz et a/. and identify 
patients with a second condition/risk factor and administer iNO to patients 
that do not have the first or second condition/risk factors of instant claims 20-
27 and inform the medical provider that patients with a pulmonary capillary 
wedge pressure greater than 20 mm Hg that may increase pulmonary edema, 
as suggested by Loh et a/., and Kinsella et a/., and produce the instant 
invention." 

24. Atz & Wessel do not recommend exercising "caution" when treating tenn or near-

tenn neonates who are not dependent upon right-to-left shunting, but rather refer to two other 

patient populations, namely (i) neonatal patients whose systemic circulation is dependent upon 

right-to-left shunting of blood and who therefore might suffer from systemic circulatory collapse 

if given inhaled NO (a well-known contraindication for inhaled NO) and (ii) adult patients with 

New York Heart Association Class III-IV heart failure due to ischemic or dilated 

cardiomyopathy and increased neuro-humorally-mediated pulmonary vascular resistance might 

be hemodynamically at risk for pulmonary edema if given inhaled NO (the same population 

discussed by Loh et al. ). 

25. On page 10 of the Office Action, the Examiner states: 

"One of ordinary skill in the art would have been motivated to do this because: 
/) it is common sense that if the neonate is healthy then iNO therapy can be 
performed safely; 2) if the neonate is not healthy and has left ventricular 
dysfunction (LVD), then Atz eta/. clearly teach using extreme caution or not 
using NO at all in the treatment of patients with LVD which would also render 
obvious all conditions/risk factors associated with LVD; and 3) the art of 
Kinsella et a/. establishes excluding certain patients (premature neonates) 
from inhaled nitric oxide treatment if they have fatal congenital anomalies or 
congenital heart disease." 
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The conclusion presented by the Examiner is not clinically accurate, nor does it accurately reflect 

the expectations or motivations of a clinician of ordinary skill in the art at the time of the 

invention. Their expectation would have been quite the opposite. It is by no means "1) 

... common sense that if the neonate is healthy then iNO therapy can be performed safely; 2) if 

the neonate is not healthy and has left ventricular dysfunction (LVD), then Atz eta/. clearly teach 

using extreme caution or not using NO at all in the treatment of patients with LVD." Firstly, 

inhaled NO would have no utility in healthy neonates, and is safely used in very severely ill 

neonates on a routine basis. Secondly, Atz & Wessel teach "using extreme caution or not using 

NO at all" only in neonates dependent upon right-to-left shunting of blood in order to avoid 

systemic circulatory collapse, and makes no statement regarding neonates with left ventricular 

dysfunction who are not dependent upon right-to-left shunting. Kinsella et al. do not teach 

about the safe or unsafe use of inhaled NO in neonates or children, let alone term or near-term 

neonates not dependent upon right-to-left shunting, but merely noted that they had excluded 

premature babies with fatal malformations or congenital heart disease from a clinical trial of 

inhaled NO in premature babies suffering from the respiratory distress of prematurity. Loh et at. 

teach about the effect of inhaled NO on hemodynamic measurements in adults with advanced 

heart failure and secondary neuro-humorally-mediated increased pulmonary vascular resistance, 

and speculate that these adults may be at increased risk for pulmonary edema, but do not teach 

anything about the use of inhaled NO in term or near-term neonates not dependent upon right-to

left shunting. 

26. On page 11 of the Office Action, the Examiner states: 

"Furthermore, it is already known through the teachings of Loh et al. that a 
pulmonary capillary wedge pressure (PCWP) of greater than 18 mg Hg serves 
as a guidepost for alerting the artisan to adverse events from inhaled NO. 
Thus, it is not inventive to exclude patients with a PCWP of greater than 20 
mm Hg when the art already suggests the risk of trouble of treating patients 
with a PCWP of 18 mm Hg because inhaled NO increases the wedge pressure 
as taught by Loh et a/. (see entire document). In summary, it remains the 
position of the Examiner, which is in alignment with the written opinion of the 
international search authority, that it is simply not inventive to 'inform' a 
medical provider that a neonate with L VD is at risk of adverse/serious adverse 
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events from iNO therapy when the art already has established that fact and the 
ordinary artisan is alerted to this fact. /(the patient has LVD then thev are at 
risk of adverse and/or serious adverse events ftom iNO therapy and it is not 
inventive to further identify other secondary conditions/risk (actors associated 
with LVD and provide further warnings (or secondary conditions/risk factors 
that are separate and independent from the first condition/risk factor but 
nevertheless associated with LVD to the medical provider. Screening (or 
conditions that predispose the patient to adverse/serious adverse effects from 
medical treatment is obvious given the teachings above." (emphasis in 
original) 

It is inaccurate to represent Lob et al as "serving as a guidepost for alerting the artisan to 

adverse events from inhaled NO," as Lob et al. reported no adverse events during administration 

of inhaled NO for 10 minutes to 19 stable patients with advanced heart failure. Rather, Loh et al. 

speculated that a finding of an elevation in PCWP in a subgroup of such patients could pose an 

increased risk of pulmonary edema in adults with congestive heart failure due to ischemic or 

dilated cardiomyopathy. As discussed above, extrapolation of that theoretical risk to neonates 

and children with different forms of heart disease, different cardiovascular hemodynamics, and 

different pulmonary vasculature physiology, pathophysiology and pathology was not obvious, as 

evidenced by the fact that the members of the INOT22 Screening Committee (including Dr. 

Wessel) who designed the INOT22 study protocol, the approximately 18 Institutional Review 

Boards and/or Independent Ethics Committee, and 5 National Health Authorities (FDA and 

national Health Authority for United Kingdom, France, Netherlands and Spain) who reviewed 

and approved the INOT22 study protocol prior to its initiation, all failed to predict that any 

untoward effects would be caused by the administration of inhaled NO within a pediatric patient 

population having left ventricular dysfunction who are not dependent on right-to-left shunting of 

blood .. Only after being informed of the present invention did the FDA mandate a change to the 

drug labeling for inhaled NO to include a new warning (separate and distinct from the pre

existing contraindication pertaining to neonates dependent on right-to-left shunting of blood) 

concerning the use of inhaled NO in patients with pre-existing left ventricular dysfunction. 

27. On page 12 of the Office Action the Examiner states: 
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Respectfully, the instantly claimed method steps are in the realm of common 
sense and not in the realm of invention because it is already known in the art 
that patients with pre-existing LVD are at risk of adverse effects from iNO. It is 
obvious to the ordinary artisan that if the neonate has LVD with or without any 
number of conditions/risk factors, then in order to avoid the risk of adverse or 
serious adverse events associated with iNO, to then exclude the neonate from 
iNO therapy. In other words, given the art as a whole, determination o.ffurther 
conditions/risk factors that would exclude the neonate fi·om iNO therapy is 
obvious given the teachings in the art as discussed above which direct the 
artisan to screen neonates about to undergo treatment with NO by inhalation 
and to exclude those with L VD from such treatment. In light of the forgoing 
discussion, the Examiner concludes that the subject matter defined by the 
instant claims would have been obvious within the meaning of 35 USC 103(a). 
From the teachings of the references, it is apparent that one of ordinary skill in 
the art would have had a reasonable expectation of success in producing the 
claimed invention. Therefore, the invention as a ·whole was prima facie 
obvious to one of ordinary skill in the art at the time the invention was made, 
as evidenced by the references, especially in the absence of evidence to the 
contrary. " 

The arguments by which this conclusion is supported are both medically and scientifically 

unsound. To summarize, the teaching of Atz & Wessel is inaccurately portmyed by the 

Examiner due to his confusion of the known risk of systemic vascular collapse if inhaled NO is 

administered to neonates dependent upon right-to-left shunting of blood, and the opposite case of 

adults where inhaled NO may be less effective than in children. The Examiner misconstrues 

Kinsella et al. 's clinical trial inclusion/exclusion criteria as a teaching of risk associated with 

inhaled NO administration, rather than as a routine pmctical measure in the design of clinical 

trials to minimize confounding factors and heterogeneity in the study population. Lastly, the 

Examiner grossly over-interprets the hemodynamic findings of Loh et al. in adults with ischemic 

or dilated cardiomyopathy and congestive heart failure (a disease process differing in etiology, 

physiology, pathophysiology and pathology from childhood congenital heart disease) as "a 

guidepost to the artisan" regarding the use of inhaled NO in children and neonates with 

pulmonary hypertension and left ventricular dysfunction, but not dependent on right-to-left 

shunting of blood. These inaccurate and erroneous interpretations of all three supporting 

publications cited by the Examiner lead the Examiner to draw incorrect conclusions regarding 

what is or is not taught or suggested by the prior art. 
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28. On June 28, 20! l, l met \vith Dr, David L WesseL the chair of the ! NOT22 

Steering Cornrnithx~ and tht.~ senior author of /1/z & ll"cssd (S'eminars in Perinawlogy !997, 

21(5). pp ,j.IJ--455. During our discussion, I inf(H·mcd Dr. \Vessel of the 12/820,866 and 

12/820,980 patent applications~ and th<:~ l~1ct that in both pending patent applk:ations, the 

Exmnlncr \V~ls citing i\lz & Wt.~sstd to alk!gt:! that h 'vou!d hnvc b~:-1:.n ohvim1s lo predict the 

adverse t.~\·i..~nts and outcmm~s of the !NOT22 studv that lend to t!K~ invenlions c!uhned in 
<' 

12/S20J566 and 12/820,980. 

29. Dr. \Vessel di::;agn:.•ed \vith the Examint:r's allegation and limnd it ironic that his 

O\Vn publication \Vould l:H.~ cit<:xi to suggn>l the obviousncs;;; of the une.'<.perted outcomes of the 

n..:;crr'1:2 study, when Dr. We::;sd hims~:.~tC the senior author of Atz & \VesseL hiled to predict 

that neonatal and child p<rticnts \\·ith left vcntricuhlr dysfunction ~;vho ar'~ not dependent on right

to-left shunting of blood \.VOUkl be at llK:r('tJ::>t~J rhk of adV!:.fSC events \Vhcn administered inhaled 

NO. /\ copy of a June 29, 20 ll klter from Dr. \Vessel to rm~ st;=Hing this opinion is attached 

h.~.:.~r;;.~to as Exhibit 2. 

3(L I herebv de1..:!arc that all stm~:rnrnts rnmlc hen .. dn of mv n'>vn knowkdu.e: an.~ t.n.w "" .. ........ 

and that ali staternents rnade on inf()rmation ;:u1d belief are beHe:ved to be true: and further that 

these statements \Ven:. made \vith the knov;ledge that <vil!fu! thlsc stmt~ments and tlx; Hh~ ~o 

rnade arc punishable by fine or imprisonment, or both, tHHJer Stx:tion !00 l of Titlt.: 18 of the 

United States G.xk and that such w1l!fn! C1lw~ stalcnJt'.!rlt~ rnay jeopan.lil.e the va!idl.ty of the '359 

patent 
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Undergraduate 
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Douglas Alan Greene, M.D. 

Columbia High School, South Orange, NJ, 1962 

·Princeton University, Princeton, NJ, BA Biology(cum laude), 1962·1966 

Johns Hopkins School of Medicine, Bnltimorc, MD, M.D., 1966-1970 

POSTDOCTORAL TRAINING 

Medical Internship: 

Medical Residency: 

Fellowship: 

Department of Medicine, Johns Hopkins, Baltimore, MD. 1970-1971 

Depnrtment of Medicine, Johns Hopkins, Baltimore, MD, 1971-1972 

Medical Fellowship, Department of Medicine, Johns Hopkins University, 
School of Medicine, Baltimore, MD, 1970-1972 

Post-doctoral Research Fellow, Diabetes, GeorgeS. Cox Medical 
Research Institute; Hospital of the University of Pennsylvania. 
Phila~elphia, PA (Dr. Albert I. Winegrad, preceptor), 1972-1975 

Medical Fellowship, Department of Medicine, University of 
Pennsylvania, School of Medicine, Philadelphia, PA, 1972-1975 

NON·ACADEMJC EMPLOYMENT 

2000-2003 Executive Vice President, Clinical Sciences and Product Development 
(CSPD), Merck Research Laboratories, Rahway, New Jersey, and 
Corpomte Officer, Merck, Inc. Supervised and directly managed all 
clinical research, regulatory affairs, clinical and non-clinical quality 
assunmce and pharmaco-vigilance ut Merck Research Laboratories. 

2003-2006 Vice President, Head Corporate Regulatory Development, Sanofi-Aventis, Bridgewater, 
NJ. Overseeing all aspects of corporate regulatory development of all pre-clinical and clinical 
development projects/life-cycle products in Research & Development. 

2006-2009 Senior Vice Prcseident, Chief Medical Officer, Sanon-Aventis, Bridgewater, NJ. 
Overseeing medical, regulatory, phannocovigilance, risk management, education and medical 
communications for US region, Member US Executive Committee, Member Committee 
Operntional de Development, International Clinical Development. 

2009-present Senior Vice President, Senior Scientific Advisor, Sanofi-Aventis, Bridgewater, New 
Jersey. Mentber Corporate Portfolio Valuation Process and Drug Development Commiuees. The 
position at the interface between the Research and Development nnd Phannaceutical Operations is 
responsible for providing key scientific and medical guidance for sanofi-aventis' scientific 
strategy within U.S. and global contexts to enhance the quality and effectiveness of the company's 
research and product portfolio, including assessment and guidance or internal R&D product 
pipeline and franchise portfolio and external commercial and academic Innovation opportunities. 
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ACADEMIC APPOINTMENTS 

1915-1980 

1980·1986 

1986-2000 

2000-Prcsent 

Assistant Professor of Medicine, University of Pennsylvania, School of 
Medicine, Philadelphia, Pennsylvania 

Associate Professor of Medicine, Director, General Clinical Research 
Center and Diabetes Research Labomtories, University of Pittsburgh, 
School of Medicine 

Professor or Internal Medicine, Director, Michigan Diabetes Research 
and Tmining Center, University of Michigan School of Medicine 

Chief, Division of Endocrinology & Metabolism, University of Michigan 
School or Medicine 

Adjunct Professor, Internal Medicine. Division of Endocrinology & 
Metabolism, University of Michigan. School of Medicine 

SELECTED SCIENTIFIC ACTIVITIES 

1988-1994 

1994-2000 

Chairman, Endocrinologic and Metabolic Drug Advisory Board, Food 
und Drug Administration. Washington D.C (Chair, 1990-1994) 

ChaJnnan, Merck Scientific Board of Advisors 

SELECTED SCIENTIFIC PRIZES AND AWARDS 

1986 

1987 

1987 

1988 

1989 

1994 

1996 

1996 

1998 

First Annual Raymond A. and Robert L. Kroc Lecturer, Eisenhower Medical 
Center, Palm Springs, California 

Moore Award, The American As.'!ocintion of Neuropnthologists, Seattle, 
Washington 

Carol Sinicki Manuscript Award (The Diabetes Educator). American Association 
of Diabetes Educators. Chicago, Illinois 

Kellion Lecture, International Diabetes Federation, Sydney, Australia 

Banting and Best Lecture. Toronto General Ho.'lpital, Toronto, Canada 

Charles H. Best Lecturer, Toronto Diabetes Association, Toronto, Canada 

Invited Speaker. Seventy-tifth Anniversary Celebrating the Discovery of Insulin, 
Toronto, Canada 

First Alan Robinson Lecturer, University of Pittsburgh 

Outstanding Foreign Investigator Award, Japan Society of Diabetic 
Complications 

2 

Ex. 2007-0860



.. 

() () 
.. 

SELBCfED BIBLIOGRAPHY 

Pee,...Reviewed PubUc11tlons (Selected from over 110 peer-reviewed tuticles): 

Douglas A. Orccnc, M.D. 
updated 051281/0 

1. Greene DA, DeJesus PV. Winegmd AI: Effect of insulin and dietary Myo-Inositol on impaired 
peripheral motor nerve conduction velocity in acute streptozotocin diabetes. J. Clln. Invest. 
55:1326-1336, 1975. 

2. Wlnegrad AI, Greene DA: Diabetic polyneuropathy: The importance of insulin deficiency, 
hyperglycemia and nllemtions in myoinositol metabolism in Its pathogenesis. N. Engl. J. Med. 
295:1416-1420, 1976. 

3. Greene DA, Lattimer SA: Sodium- and energy dependent uptake of myo-inosltol by rabbit 
peripheral nerve. Competitive inhibition by glucose and lack or an insulin effect. J. Clin. Invest. 
70:1009-1018, 1982. 

4. OreeneDA, Lattimer SA: Impoired rat sciatic nerve sodium-potassium ATPase in acute 
streptozocin diabetes and its correlation by dietary myo-inositol supplementation. J. Clin. Invest. 
72:1058-1063, 1983. 

5. Greene DA, Lattimer SA: Impaired energy utilization and Na-K-ATPase in diabetic peripheral 
nerve. Am. J. Physiol. 246:E311-E318, 1984. 

6. Greene DA, Yagihashi S, Lnttimer SA, Sima AAF: Nerve Na"'+K+·ATPasc, conduction and 
myo-inositol in the insulin deficient BB rat. Am J Physiol241:BS34-BS39, 1984. 

7. Greene DA, Lattimer SA: Protein kinase C agonists acutely normalize decreased ouabain
inhibitable respiration in diabetic rabbit nerve: Implications for [Na,K]-ATPase regulation and 
diabetic complicntions. Diabetes 35:242-245, 1986. 

8. Sima AAP,I..auimer SA, Yagihashi S, Greene DA: 'Axo-glial dysjunction' a novel structural 
lesion that accounts for poorly-reversible slowing of nerve conduction in the spontameously 
diabetic BB·rat. J. Clin. /nve.vt. 77:474-484, 1986. 

9. Greene DA: A sodium-pump defect in diabetic peripheral nerve corrected by sorbinll 
administration: Relntionshlp to myo-inositol metabolism and nerve conduction slowing. 
Metabolism 35:60-66, 1986. 

10. Greene DA, Mackway AM: Decreased myo-inositol content and Na•-K•-A'l'Pase uctivity in 
superior cervical ganglion of STL·diabetic rat and prevention by aldose reductase inhibition. 
Dlabetts35:1l06-1108, 1986. 

11. Carroll PB, Thornton BM, Greene DA: Glutathione redox state is not the link between polyol 
Ralhway activity and diminished (Nn,K)-ATPase activity in experimental diabetic neuropathy. 
Diabetes 35:1282-1285, 1986. 

12. Greene DA, Lattimer SA, Simn AAF: Sorbitol, phosphoinosilides and the sodium-potassium 
ATPase in the pathogenesis of diabetic complications. N. EnsL J. Med. 316:599-606, 1987. 

J 3. Greene DA, Chakmbartl S, Lattimer SA, Sima AAF: Role of sorbitol accumulation and myo
inositol depletion in pumnodal swelling of large myelinated nerve fibers in the insulin-deficient 
spontaneously diabetic bio-breeding mt: Reversal by insulin replacement, on aldose reductase 
inhibitor, and myo-inositol. J. C:lln. Invest. 79:1479-1485, 1987. 

3 

Ex. 2007-0861



0 () Douglu A. Greene, M.D. 
ftpdattd 05/28110 

14. Sima AAF. Nathaniel V, Bril V, McEwen T AJ, Greene DA: Histopathological heterogeneity of 
neuropathy in Insulin-dependent and non-insulin-dependent diabetes, and demonstrntion of axe
glial dysjunction in human diabetic neuropathy. J. Clin.lnvesl. 81:349-364, 1988. 

15. Greene OA, Lattimer SA, Sima AAF: Perspectives in diabetc.~: Are disturbances of sorbitol, 
phosphoinosilide, and Nn•-K'•·ATPase regulation involved in pathogenesis or diabetic 
neuropnlhy? /Jiabetes37:688-693, 1988. 

16. Oreene DA, Lattimer SA, Sima AA: Pathogenesis und prevention of diabetic neuropathy. 
Diabetes Metab Rav 4:201-221, 1988. 

17. Lattimer SA, Sima AAF, Oreene DA: In Vitro correction of impaired Na•-Kt·ATPase in diabetic 
nerve by protein kinase C ngonists. Am. J. Physiol. 256 (Bndocrinol. Metab. 19):B264-B269. 
1989. 

18. Greene DA, Lattimer SA, Sima AAF: Pathogenesis or diabetic neuropathy: Role of altered 
phosphoinosltide metabolism. CRC Critical Reviews in Ne11roblology (J. Nelson, cd., CRC Press, 
Inc.), pp. 143-219, 1989. 

19. Greene DA, Lattimer SA, Carroll PB, Fernstrom JD, Finegold DN: A defect in sodium
dependent amino acid uptake in diabetic mbbit peripheral nerve: Correction by an aldose 
reductase inhibitor or myo-inositol administration. J. Clin. Jnve.vt. 85:1657-1665, 1990. 

20. Greene DA, Sima AF, Pfeirer MA. Albers JW. Diabetic Neuropathy. Annu Rev Med 41:303-
317, 1990. 

21. Sima AAF. Prashar A, Zhang W -X, Chakrabnrti S, Greene DA: Preventive effect of long-term 
aldose reductase inhibition (Ponalrestnl) on nerve conduction and sural nerve structure in the 
spontaneously diabetic blo-brocding mt. J. Clin. Invest. 85: 141 0·1420, 1990. 

22. Kim J, Kyriazi H, Greene DA: Normalization of (Nn,K)-ATPasc activity in an isolated 
membmnc rraclion from scinlic nerves of strcptozotocin-diabctic rats by dicl4ry myo·inositol 
supplementation in vivo or protein kinnsc C agonists in vitro. Dittbetea 40:558-567, 1991. 

23. Stevens MJ, Lattimcl' SA, Kumijo M, Van Huysen c. Sima AAF, Greene DA: Osmoticully 
induced nerve taurine depletion in experimental diabetes: An hypothetical medilttor of painful 
neuropathy. D/Qbatologia 36:608-614, 1993. 

24. Henry ON, Del Monte M, Greene J)A, Killen PD: Altered uldosc reductase gene regulation in 
cultured humun retinol pigment epithelial cells. J. Clin. lnve.vt. 92:617-623, 1993. 

25. The DCCT Research Group: The effect of intensive treatment of diabetes on the development 
and progression of long-tenn complicntions in insulin-dependent diubetes mellitu.-.. N. Eng. J. 
Med. 329:977·986, 1993. 

26. Thomas TP, Feldman BL, Nakamum J, Knto K, Lien M, Stevens MJ, Greene DA: Ambient 
glucose and aldose reductase-induced myo-inositol depletion modulate basal and carbachol
stimulated inositol phospholipid metabolism and diacylglyccrolaecumulation in human retinal 
pigment epithelial cells in culture. Proc. NatL A cad. Sci. USA 90:9712-9716, I 993. 

27. ThomnsTP, Porcellnti F. Knto K, Steven.~ M1, Sherman WR, Greene DA: Effects of glucose on 
sorbitol pathway activation. cellular redox, and metabolism of myo-inositol, phosphoino.~itide and 
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diacylglycerol in cultured human retinal pigment epithelial cells. J. Clin. Invest. 93:2718-2724, 
1994. 

28. Stevens MJ, Dananberg J, Feldmun BL, Lattimer SA, Kamijo M, Thomas TP, Shindo H, Sima 
AAF, Oreenc, DA: The linkcd.roles of nitric oxide, aldose reductase and (NA •,K,·ATPasc in 
the slowing of nerve conduction in the streptozotocin diabetic rat. J. Clin. Invest. 94:853-859, 
1994. 

29. feldman BL, Stevens MJ, Thomas PK, Brown MD, Canal N, Greene DA: A practical two-step 
quantitative clinicalnnd clcctrophyslologicnlnssc.l!sment for the diagnosis and staging of diabetic 
neuropathy. Diabetes Care 17:1281-1289, 1994. 

30. The DCCT Research Group: The effect of intensive treatment of diabetes on nerve conduction 
measures in the DCCT. Atmal.v ofNeuro. 38:869-880, 1995. 

31. Stevens MJ, Feldman BL, Greene DA: The aetiology of diabetic neuropathy: The combined roles 
of metabolic and vascular defects. DiaiJellc Medicine I 2:566-579, 1995. 

32. Shindo H, Thomas TP, Larkin DO, Knrlhaloo AK, Inadn H, Onaya T, Stevens MJ, Greene DA: 
Modulation or basal nitric oxide-dependent cyclic-OMP production by ambient glucose, myo
inositol, and protein kinase C in SH-SYSY human neuroblastoma cells. J Clln Invest 97:736· 745, 
1996. 

33. Sima AAF, Rislic H, Merry A, Kamijo M, Lattimer SA, Stevens MJ, Greene DA: Primary 
preventive and secondary lnlerventionary effects of acetyl-L-camitine on diabetic neuropathy in 
the bio-breeding Worchester rat. J Clin Invest 97:1900-1907, 1996. 

34. Karihaloo A, Kato K, Greene DA, Thomas TP: Protein kinase and cystololic calcium modulation 
of n•yo-inosito1 transport in cultured retinal pigment epithelial cells. Am J Physioi213:C611·618, 
1997. 

35. The DCCT Research Group: Bffect of intensive thcmpy on rc.41idual B-cell function in patients 
with Type I diabetes in the DCCT: A mndomizcd, controlled trinl. Ann Tnt Med 128:517-523, 
1998. 

36. The DCCT Research Group: The effect of intensive diabetes therapy on measures of autonomic 
nervous system function in the DCCl'. Dicrbetologia 41 :4 I 6-423, 1998. 

37. Porccllati P, HlaingT, Togawa M, Stevens MJ, Larkin DD, Hosalw Y, OloverTW, Henry DN, 
Greene DA, Killen PO: Human Nn • -myo-inositol cotmnsportcr gene: alternate splicing generales 
diversetransaipts.AmJ Physio. 274: CI215-CI225, 1998. 

38. Porcellati P,llosaka Y Hlaing T, Tognwa M, Larkin DO, Karihaloo A, Stevens MJ, Killen PD, 
Greene DA: alternate splicing in human Nn•·MI cotransportcr gene yields differentially 
regulated transport isoforms. Am J Physio1216:132S-1331, 1999. 

39. Greene DA, Stevens MJ, Obrosova I, Feldman BL. Olucosc-induccd oxidative stress and 
programmed cell death in diabetic neuropathy. European Journal of Pharmacology 375:217·223, 
1999. 

40. Greene DA, A1"C'1.1.o JC. Brown MB: Effect of aldose reductase inhibition on nerve conduction 
and morphometry in diabetic neuropathy. Neurology 53:580-591, 1999. 

s 

Ex. 2007-0863



• 
... 

41. 

0 () Douglns A. Greene, M.D. 
updated OS/28110 

Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and 
Complications Research Group: Retinopathy and nephropathy in patients with type I diabetes 
four years aner a trial of intensive therapy. N Eng I J Med 342:381 ~389, 2000. 

42. Sundkvist G, Dahlin LB, Nilsson H, Briks!;on KP, Lingarde F, Rosen I, Lattimer SA, Sima AAF, 
Sullivan KA, Greene DA: Sorbitol and myo-inositollevels and morphology of sural nerve in 
relation to peripheral nerve function and clinical neuropathy In men with diabetic, impaired, and 
normal glucose tolerance. Dial,etic Medicine 17:2S9-268, 2000. 

43. Stevens MJ, Obros()va I, Cno X, Van Huysen C, Orccne DA: Effects ofDL-alpha-Jipoic acid on 
peripheral nerve conduction, blood flow, energy metabolism and oxidative stress in experimental 
diabetic neuropathy. Diabetes 49:1006-1015,2000. 

44. Obrosovn IO, Pnthnlluh L, Greene DA: Early change.'! in lipid pcroxidation and antioxldative 
defense In diabetic mt retinn: enect of DL-alpha~lipoic acid. Eur J Phamroco/398: 139-146, 
2000. 

45. White NH, Cleary PA, Dahms W, Goldstein D, Malone J, Tamborlane WV; Diabetes Control and 
Complications Trial {DCCT)IEpidemiology of Diabetes Interventions and Complications (EDIC) 
Research Group: Beneficial effects of intensive therapy of diabetes during adolescence: 
outcomes after the conclusion of the Diabetes Control and Complications Trial (DCCT). J 
Pediatr 139:804~812, 2001. 

46. Perkins BA, Greene DA, Bril V: Glycemic control is related to the morphological severity of 
diabetic sensorimotor polyneuropathy. IJiabetes Care 24: 748~752, 2001. 

47. Moller DB, Greene DA: Peroxisome prolifurators-activatcd receptor (PPAR) gamma agonists for 
diabetes. Adv l'rmein Chem 56: I 81-212, 2001. 

48. Obrosovn IG, Van Huysen C, Fnthallah L, Coo XC, Greene DA, Stevens MJ: An aldose 
reductase inhibitor reverses early diabetes-induced changes In peripheral nerve function, 
metabolism, and antioxidntive defensc. FASEB J 16: 123-125, 2002. 

49. Pop-Busui R. Marinescu V, Van Huyscn C, LiP, Sullivan K, Orccnc DA, Larkin D, Stevens MJ: 
Dissection of metabolic, vascular, and nerve conduction interrelationships in experimental 
diabetic neuropathy by cyclooxygenase inhibition and acetyi-L-camitine administration. 
Diabetes 51: 2619~2628, 2002. 

SO. Vibcrti 0, Kahn SE, Greene DA, Hennon WH. Zinmun B, Holman RR, Haffner SM, Levy D, 
Lachin JM, Berry RA, Heise MA, Jones NP, Freed Ml: A dinbcteli outcome progression trial 
(ADOPr): an international multicenter study of the comparative efficacy of rosiglitazone, 
glyburidc, and metfonnin in recently diagnosed type 2 diabetes. Diabetes 25:1737-1743,2002. 

5 I. The Writing Team for the Diabetes Control and Complicutions Trial/Epidemiology of Diabetes 
Interventions and Complications Research Group: Bffect of intensive therapy on the 
microvascular complications of type I diabetes mellitus. JAMA 287:2563~2569, 2002. 
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June 29, 2011 

Douglas Greene, M.D., 
Executive Vice President and Head of Research & Development 
lkaria, Inc. 
Perryville Ill Corporate Park 
53 Frontage Road, 3rd Floor 
PO Box 800·1 
Hampton, NJ 08827-900'1 

RE: USSN 12/820~866 and 12/820,980 
Atz eta/.$ Seminars in Perinatology 1997,2·1(5), pp 441~455 

Dear Doug: 

In 2005, ! chaired the Steering Committee of the Sponsor, !NO Therapeutics LLG (!NOT), to 
establish, design and oversee the INOT22 Study. Presently, I am Chief, Division of Critical 
Care Medicine and Senior Vice President, ChHdren's National fvledical Center, \IVashington, 
D.C.) 

In addition to being tile Chair of the !NOT22 Steering Cornmittee, I also am Um senior author of 
Atz eta!., Seminm:s in Perirwtology '1997,21(5), pp 44·1-455 (Atz eta!.). 

At the time of the design of the INOT22 Study protocol, neither mrself, the other Steering 
Committee members, nor the study Sponsor appreciated or anticipated that a child with !eft 
ventricular dysfunction who is not dependent on right-to-left shunting of blood would be at 
additional risk when treated with inhaled nitric oxide (iNO). This is the reason such children 
were not originally excluded from the INOT22 Study entry criteria. 

Neither the Atz et aL article that I co-authored, nor the medical literature or h1edical experience 
of which l was aware at tl1e time, predict this risk. Instead. Atz et al describes two distinct, 
independent precautions ~vith respect to the use of iNO, First, with respect to adults, Atz et al. 
stated that iNO may be more effective in newborns than in older patients, and noted that it 

1 In the interest of full disclosure, I formerly served as a consult for !NO Therapeutics LLC, I currently 
serve without remuneration as a member of the !!{aria Scientific Board of Advisors. !n 2010! was 
appointeci by my institution as the ll~aria Distinguished Professor of Critical Care Medicine, 
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~~hou!d be used \Vith caution ln adults \Nith isc.hemk'; C<-lrdiornyt~pathy in vvhorn a risk of 
pulmonary t'3detna is a consideration (see page 452, !Bft Goh.HTm), Second, with respect to 
neon~~tes, we stated the ~>VEd!~knmvn contraindic-ation (currently found in the INOf\•1AXt 
prescribing inforrnation) that !NO shou!d no~ be used in ne.wvboms dependent upon righHo~!eft 
shunting of blood across <3 p}.~tent ductus :Hrterious to avoid circulatory (:o!!apse. What 'Ne did 
!!£! disclose or prt~dict was that neonatal p;3tients v;ith !eft ventricular dysfunctit)t'! who are r1ot 
(.l\.3p~~rKient on rigl1Ho-k~ft shunting of blood \Nou!d be at ~veatt:;r risk of adv~:.:rs:t~ events. 

H is ironit~ that rny own publication \'\.'OUld be cited to suggest that it ~,:vou!d have been obvious to 
predid the adverse events and 1Jutcomes of the INOT22 Study V\then L the senior author of Atz 
et at, failed to anticipate or predict these unexpected outcomes at the time ! parth:;:ipated in 
dmWng the orig!m~l! INOT2.2 Study protOC\:lL If so, I would h~Wf.~ bt~t~n acting either negligently or 
intentlona!!y to harm babies, and l rnost Ct:=rtain!y WfW not. Furthermore, to my knowledge, none 
of the other members of U1e !NOT2.2 8tet.~rin9 Cornrnittt:;e who assisted rne in designing the 
study, nor the approxirnat{3!y i 8 lnstitut!om'.!l Rtwif::w 8t)ards and 2 National Health Authorities 
'<vho R~vievved and approv(:d the study prior to its hitiaHon. predk~te:d tht~ adverse events ln 
chlidren vvith !eft ventricular dysh.mc:tion \Vho are not dependent on righHo~left shunting of blood, 

!n summary, although it was known that nt.~onat~~t; whose syst!;.~rnic: circulation ~;vas dependent on 
r.ight--to~left shunt should not rt:.:C(:~iw~ !NO, ~.'!nd it hHd be(-:1n reported that aduits vvith preyexisting 
!oft Vt~ntrieu!ar tiysfLmcUon (frorn coronary mi:ery disease) may be at risk when provided iNO, it 
was unanticipated and surprising that children with !eft ventricular dysfunction who are not 
dependent on right-to-lett shunting would iJ.e ~t increased risk of adverse events vvhen 
adrnlnistered lNO, 

David L.. Wessel, tvt D. 
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Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

DECLARATION OF JAMES S. BALDASSARRRE. M.D. 
UNDER 37 C.F.R. § 1.132 

I, James S. Baldassarre, do hereby declare the following: 

USSN: 12/820,866 

AND NEAR-

1. I currently hold the position of Vice President of Clinical Research at INO 

Therapeutics LLC ("INO"), which is a wholly-owned subsidiary of Ikaria, Inc. A copy of my 

curriculum vitae is attached as Exhibit 1. 

2. I have over 20 years of experience as a physician and over fifteen years of 

experience directing clinical research in the pharmaceutical industry. 

3. In 2004, I was the Medical Monitor responsible for the design and execution of the 

INOT22 study. 

4. The INOT22 study, entitled "Comparison of Supplemental Oxygen and Nitric Oxide 

for Inhalation Plus Oxygen in the Evaluation of the Reactivity of the Pulmonary Vasculature During 

Acute Pulmonary Vasodilatory Testing", was a randomized, multi-center study having an expected 
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enrollment of 150 patients, aged four weeks to 18 years, in approximately 18 study sites over 

approximately 2 years. 

5. The INOT22 study was established and designed by the study sponsor, INO 

Therapeutics LLC and a Steering Committee comprising international recognized experts in the 

field of pediatric heart and lung disease, whose members would assist INO to develop the INOT22 

protocol, monitor the progress of the trial, and provide recommendations to INO on changes in the 

procedures and conduct of the trial 

6. The Steering Committee consisted of: 

a. David L. Wessel, MD, presently Senior Vice President, The Center for 

Hospital based Specialties, and Division Chief, Pediatric Critical Care 

Medicine at Children's National Medical Center, Washington, DC; 

b. Robyn J. Barst, MD, presently Professor Emeritus of Pediatrics and 

Medicine, Columbia University College of Physicians and Surgeons, New 

York; and 

c. Duncan J. Macrae, MD, presently Director, Pediatric Intensive Care, Royal 

Brompton Hospital, London, UK. 

7. The original INOT22 study protocol designed by INO and the Steering Committee 

did not exclude study patients with pre-existing left ventricular dysfunction who were not 

dependent on right-to-left shunting of blood. 

8. After the INOT22 study protocol design, but prior to study initiation and enrollment, 

the original INOT22 study protocol was reviewed by an Institutional Review Board (IRB) and/or 

Independent Ethics Committee (IEC) at each of the 18 participating study institutions, including 

review by the principal investigator within each study institution. In addition, prior to study 

initiation and enrollment, the original INOT22 study protocol was reviewed by the US Food and 
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Drug Administration (FDA) and separately reviewed by each national Health Authority (European 

equivalent to FDA) within the four European countries participating in the INOT22 trial (United 

Kingdom, France, Netherlands and Spain). In addition, INO regularly requested input and scientific 

guidance on clinical trials from its own Scientific Advisory Board At no time did any member of 

the Steering Committee, INOT, an IRB, IEC, individual principal investigator, Advisory Board 

member, FDA or European Health Authority appreciate, recognize or otherwise suggest that 

subjects with pre-existing left ventricular dysfunction who are not dependent on right-to-left shunt 

should be excluded from the INOT22 study or that such subjects would be anticipated or predicted 

to have an increased risk of adverse events or serious adverse events arising from the administration 

to them of inhaled nitric oxide. 

9. Under FDA regulations, an IRB is an appropriately constituted group that has been 

formally designated to review and monitor biomedical research involving human subjects. In 

accordance with FDA regulations, an IRB has the authority to approve, require modifications in (to 

secure approval), or disapprove research. This group review serves an important role in the 

protection of the rights and welfare of human research subjects. The purpose of IRB review is to 

assure, both in advance and by periodic review, that appropriate steps are taken to protect the rights 

and welfare of humans participating as subjects in the research. To accomplish this purpose, IRBs 

use a group process to review research protocols to ensure protection of the rights and welfare of 

human subjects of research. An IRB must have at least five members and each member must have 

enough experience, expertise and diversity to make an informed decision on whether the research 

is ethical, informed consent if sufficient and the appropriate safeguards have been put in place (see 

21 CFR Part 56). 

1 0. In Europe, an Ethics Committee is an independent body in a Member State 

consisting of healthcare professionals and non-medical members whose responsibility is to protect 

the rights, safety and well being of human subjects involved in a clinical trial and to provide public 

assurance of that protection by expressing an opinion on a proposed clinical trial protocol, the 

suitability of the investigators and adequacy of facilities involved in a trial (see Directive 

200 1/20/EC). 
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11. In total. nl least 1!.5 individuals t:Xpi?.rienced in, and responsible t(w, the rcvic\v of 

clinical trial protocols fi:Jr patient safdy, in addition to H1c FDA and four F.uropean Health 

Authorities revk~\ved the original INOT22 proim:ol prior to initiating the: !NOT22 study, /\gam. 

not a single individual or authority suggested~ prt~dicted or rai':'ii.~d a concern about an increw.;(:~d risk 

assodakd \Vith tiH..~ us~:.~ of inhaled nitric oxide in study sul~ierts <.:vith pte-existing kft ventricular 

dysfunction who arc not tkpendent on right~to~ld! shunt. 

12. On the contrary, it \\·as only after tmCXJ":lec.ted serious adverse events (inc.luding at 

!east one death) occurred during the z:ourse of the !NOT22 study that the sludy protocol v,·as 

amemk~d w e;x~..:!tHk~ study subject:> \Vith pn:.H.~xhting. lc.fi ventricular d_ysfuncticm who are not 

dependent on righHo~kft shunt In partkular, the ex.clusion criteria of the 1NO"f22 study \vas 

amended to exdw.k~ suhjects having an eh.~vated pulmonary capillary wedgii.~ pri.~ssuw greater than 

20 mm Hg. 

! 3. I hereby dccbn~~ that nil stmenKnb .mnde herein of my o\vn kno\vlcdgc are true and 

Hurt all staternenls made on inE1nm1t1nn and belief arc believed to h~.:~ true: and further that these 

Btatements were made with the kno'.vledge th~ll willful !his<::~ stat<::~mems a.nd the !ike so made arc 
~ ... 

punishable by nne: or imprisonnKnL or both. unch:r Section ! 001 of ·riilc 18 of thl~ Unit(~d States 

Code, and that such \\"illfu! Jhlse :~tatcmenb may jeopardizt.~ the validity of the "359 patt!nt. 
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CURRICULUM VITAE 

James S. Baldassarre, MD 

HOME ADDRESS: 145 Pebble Woods Dr 
Doylestown, Pa 

PHONE: 215-348-2835 

PERSONAL: 

BUSINESS 
ADDRESS: 

EDUCATION: 

EMPLOYMENT: 
2007- present 

2009-present 
2008-2010 

2003-2007 

2003 

2001-2003 

1999-2001 

1997-1999 

1993- 1997 

1992. 1993 

1986-1993 

18901 

Married (Susan Cohen-Baldassarre) 
Children Alyssa (18), Julia {16) and Andrew ( 10) 
Citizenship: USA 

lkaria!INO Therapeutics 
6 Route 1173 
Clinton, NJ 08809 

S.U.N.Y. Downstate Medical Center 
Brooklyn, NY 
1986-M.D. 

S.U.N.Y., Binghamton, NY 
1982 ·Biology, B.S. 

lkaria (INO Therapeutics) 
VP, Clinical Research 

Project Team Leader: IK 5001 
Project Team Leader: INOmax® 

INO Therapeutics 
Senior Director, Clinical Research 

PHONE: 908-238-6363 

Johnson & Johnson Pharmaceutical Research and Development LLC 
Compound Development Team Leader/Clinical Leader-REGRANEX® 

Johnson & Johnson Pharmaceutical Research and Development LLC 
Senior Director, Operations Team Management 

Janssen Research Foundation 
Director of Clinical Research Italy/Greece 

Janssen-CIIag Limited, UK 
Head of Clinical Research and Senior Medical Advisor 

R.W. Johnson Pharmaceutical Research Institute 
Spring House, PA 
1995-1997 Associate Director, Clinical Research 
1993-1995 Assistant Director, Clinical Research 

Presbyterian Medical Center 
Philadelphia, P A 
Attending Physician, Division of Infectious Diseases 

Medical College of Pennsylvania 
Philadelphia, PA 
1990-1993 Fellow, Division of Infectious Diseases 
1989-1990 Medical Director {half time) 

-1-
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1986-19891 ntemshipiResidcncy Internal Medic inc 

1989. 1990 Philadelphia Department of Health 
Philadelphia, PA 
Medical Director, Sexually Transmitted Diseases Clinic (halftime) 

ACADEMIC APPOINTMENT : 

John Radcliffe Hospital, Oxford, UK 

1999-2000 Honorary SHO, Dept of Clinical Phannacology 

Medical College of Pennsylvania, Philadelphia, USA 

1994. Clinical Assistant Professor, Department of Medicine 

1991-1993 

CERTIFICATION: 

Instructor in Medicine 

Diplomat, A.B.I.M. 
Internal Medicine, 1989 
Infectious Diseases, 1992 
Limited GMC registration, 1999 

EMPLOYMENT-RELATED ACTIVITIES/COMMITTEES: 

RWJ-PRI Continuous Process Improvement Committee 
Johnson & Johnson Signature of Quality submission 
JJ PRO New Product Development Committee Implementation Team 
lkaria Opportunity Review Team 

PUBLICATIONS: 

1995-1996 
1997 and 1999 
2002-2003 
2007-present 

I. Levison ME and Baldassarre J S: Intra-Abdominal Infections. Current Practice of Medicine 1993. 

2. Baldassarre J S and Abrutyn E: Antibiotic-Resistant Streptococcus pneumoniae. Infectious Disease 
Practice 1993; 17 (9). 

3. Baldassarre J Sand Abrutyn E: Genital Ulcer Disease. Infectious Disease Practice 1992; 16 (9); 
1-7. 

4. Levison ME and Baldassarre J S: Community Acquired Pneumonia: Time to Reassess Treatment 
Strategies. Modern Med 1992; 60:12 86-91. 

5. Levison ME and Baldassarre J S: Community Acquired Pneumonia: Keys to Making the 
Diagnosis. Modern Med 1992; 60: 11 42-58. 

6. Baldassarre J S, Ingerman M J. Nansteel J, and Santoro J: Development of Listeria Meningitis 
during Vancomycin Therapy: A Case Report J Infect Dis 1991; 164: 221·222. 

7. Baldassarre J S, Update on the Management of Sexually Transmitted Diseases. Phi/a Med 1991; 
87-5 230-233. 

8. Baldassarre J Sand Kaye D: Special Problems in Urinary Tract Infection in the Elderly. Med Clin 
North Am 1991; 75:2 375-390. 

9. Baldassarre J S, Johnson CC and Levison ME: Peritonitis: Update on Pathophysiology, Clinical 
Manifestations and Management. Clinical Infectious Diseases 1997; 24(6); 1035-47. 

-2-
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I 0. Baldassarre JS and Levison ME: Intra-abdominal Infections Current Practice of Medicine 1999, 
vol2 (4)591-605 

II. Baldassarre JS and Pledger GW Clinical Trial Design for New Antiepileptic Drugs: Determination 
of Dose and Titration Schedules Rev Contemp Pharmacother 1999: I 0 

12. E. Potapov, D. Meyer, M. Swaminathan, M. Ramsay, A. El Banayosy, C. Diehl et al. Use of 
Inhaled Nitric Oxide After Left Ventricular Assist Device Placement: Results of a Prospective, 
Randomized. Double-Blind. Multicenter. Placebo-Controlled Trial J Heart Lung Transplant 2010 
accepted 

13. Mercier JC, Hummler H, Dumneyer X, Sanchez-Luna M, Camielli V. Field D, Greenough A. Van 
Overmeire B, Jonsson B, Hallman M, Baldassarre J; EUNO Study Group. Inhaled nitric oxide for 
prevention of bronchopulmonary dysplasia in premature babies (EUNO): a randomised controlled 
trial. Lancet. 20 I 0 Jul 31 ;376(9738):346-54. 

14. Barst RJ. Agnoletti G. Fraisse A. Baldassarre J. Wessel DL; NO Diagnostic Study Group. 
Vasodilator testing with nitric oxide and/or oxygen in pediatric pulmonary hypertension Pedialr 
Cardiol. 2010 Jui;31(S):S98-606. 

Book Chapters 

Baldassarre J S and Kaye D: Principles and Overview of Antibiotic Use in Infective 
Endocarditis. In: Kaye D (ed) lnfoctive Endocarditis 2nd ed. New York: Raven Press, 1992; 
169-190. 

Abstracts 

I. Baldassarre J S and Stull T L: Cytosol-Mediated Ulcerogenesis in Haemophilus ducreyi. 1993 
Annual Meeting of the Infectious Diseases Society of America, Abst #19, Oct. 16 and 17, 1993. 

2. Sutherland J and Baldassarre JS: Mediastinal Adenopathy in a Patient with AIDS. American 
College ofPhysieians Regional Scientific Meetings, October 2, 1992. 

3. Baldassarre J Sand Stull T L: Characterization of Aminopeptidase (AP) Activity in Haemophilus 
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Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

USSN: 12/820,866 

Methods of Treating Term and Near-Term 
Neonates Having Hypoxic Respiratory 
Failure Associated with Clinical or 
Echocardiographic Evidence of Pulmonary 

STATEMENT UNDER 37 CFR 1.57(f) 

This communication is responsive to the Non-Final Office Action mailed June 8, 

2011, setting a shortened statutory period for reply of 1 month. 

Applicant respectfully requests entry of this Statement, reconsideration of the 

pending rejections, and allowance of the application. 
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Amendments to the Specification 

Please amend paragraph [0020] as follows: 

[0020] INOmax® (nitric oxide) for inhalation was approved for sale in the United 

States by the U.S. Food and Drug Administration ("FDA") in 1999. Nitric oxide, the 

active substance in INOmax®, is a selective pulmonary vasodilator that increases the 

partial pressure of arterial oxygen (Pa02) by dilating pulmonary vessels in better 

ventilated areas of the lung, redistributing pulmonary blood flow away from the lung 

regions with low ventilation/perfusion (V/Q) ratios toward regions with normal ratios. 

INOmax® significantly improves oxygenation, reduces the need for extracorporeal 

oxygenation and is indicated to be used in conjunction with ventilatory support and other 

appropriate agents. The current FDA-approved prescribing information for INOmax® is 

incorporated herein by reference in its entirety. Section 4 of the prescribing information. 

Contraindications. states that INOmax® is contraindicated in the treatment of neonates 

known to be dependent on right-to-left shunting of blood. 
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Statement under 37 CFR 1.57 

In the specification, paragraph [0020] was amended to include language from the 

INOMAX® prescribing information, which was expressly incorporated by reference 

within paragraph [0020] of the original specification. In particular, paragraph [0020] was 

amended as follows: 

[0020] INOmax® (nitric oxide} for inhalation was approved for sale in 

the United States by the U.S. Food and Drug Administration ("FDA"} in 1999. 

Nitric oxide, the active substance in INOmax®, is a selective pulmonary 

vasodilator that increases the partial pressure of arterial oxygen (Pa02} by 

dilating pulmonary vessels in better ventilated areas of the lung, redistributing 

pulmonary blood flow away from the lung regions with low 

ventilation/perfusion (V/Q} ratios toward regions with normal ratios. INOmax® 

significantly improves oxygenation, reduces the need for extracorporeal 

oxygenation and is indicated to be used in conjunction with ventilatory 

support and other appropriate agents. The current FDA-approved prescribing 

information for INOmax® is incorporated herein by reference in its entirety. 

Section 4 of the prescribing information. Contraindications. states that 

INOmax® is contraindicated in the treatment of neonates known to be 

dependent on right-to-left shunting of blood. 

The amendment above is appropriately made within the time period set by the 

Office for responding the current and prior rejection in accordingly to the requirements 

of 37 CFR 1.57(b), (c) or (d) and the language incorporated into independent claims 20, 

21 and 25 contains the exact language added to paragraph [0020]. 

In accordance with 37 CFR 1.57(f}, applicant states herein that the amendment 

to paragraph [0020] includes matter that was previously incorporated by reference in 
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paragraph [0020] of the original speclfication and therefore, the present amendment to 

paragraph [0020} contains no new matter. 

I hereby declare that all statements rnade herein of my own knowledge are true 

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

further 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, and that such willful false statements may 

jeopardize the validity of the i359 patent. 

\'Respectfu!!y .. submitt~d. 

'\ \\ \~)""~c:2---
Jonilt~&in N) Provoost 
Attorney for Applicant and Assignee 
Associate General Counsel 
lkaria 
6 R.oute 173 
Clinton, NJ 08809 
Direct phone: (908) 238-6392 
Cell: (908) 391-3440 
Fax (legal dept.).: (908) 238-6773 
jonathan.provoost@ lkarla.com 

Dated: July 7~ 2011 
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INOmax® (nitric oxide) for inhalation 
100 and 800 ppm (parts per million) 
DESCRIPnON 
INO!nax (nlttfc Oldde gas) Is a drug administered by lnhalaUon. Nitric 
oxide. the act1w substance In INOmax.ls a pulmcmary vasodilatot.INOmax 
Is a gaseous blend of nitric oxide and nitrogen (0.08% and 99.112%. 
respectively for 800 ppm; 0.01% and 99.99%, respedlvely lot100 l)pm). 
INDmax Is supplied In aluminum cylinders as a compressed gas under 
high pressure (2000 paunds per square Inch gauge [pslg)). 

Tile structurallomtula Cl1 nltrtc oxide (NO) Is shown below: 

• • • • 
N -o· . - . 

CWtiCAL PlfARl'IACOLOGY 
Nitric oxide Is a eotnpaund pruduced by many cells olthe body. It relaxes 
vascular smooth muscle by lllndlng to the heme mc!ety of cylosolic 
guanylate cyclase. acUva1Jng guanylate cyclase and Increasing lntracellu· 
lar levels or cyclic guanosJne 3' .S'·monopltosphate, wlllch then leads to 
vasodllatiOIL When Inhaled, nitric oxide produces pulrngaary vasoclllatlon. 

INDmax appears to Increase the partial pressure nt arte11a1 oxygen (Palla! 
by dilating putmonery vessels In llelter ventilated areas ol the lung, redls· 
lrlbut!ng putmcnery lllood flow away from lung regions with tow ventlla· 
llon/perluslon (VIOl ratios toward regions with normal rallos. 
Effects oa Putmoaary vascurar Tone rn PPHH 
Pefslstent ~ hypertension Gl the newborn (PPIIH) occurs as a 
pfimary daveiGpmental defact or as a condition second81Y to other dis· 
eases such as meconium asplrallon syndrome (MAS), pn111111onla, sepsis, 
h)'allne memlmlne disease, congenital dlaphragmat!c lternla (CDH), and 
pulmonary hypoplasia. In these states, pulmoRa~Y vascular resistance 
(PVR) Is ttl"'- which resulls In hrPOX8JIIIa second81Y to rlghl·to-lett sttunt· 
lng ol blood through the patent ductus arlel1osus and toramen ovale. In 
neonates with Pl'tiN, INOmax Improves oxygenation (as Indicated by slg
nlflcant Increases In PaOJI. 
PHARMACOIIHmCS 
Tll8 phannacoklnetlcs ol nitric Oldde has been studied In adults. 
Uptake and Dlstrlllutlon 
Nltl1c oxide Is absorbed sys!Bmlcally alter lnhalallon. Most ol It traverses 
the pulmonary capillary lied wilere It comlllnes with llemcglobln that Is 
60% to 100% oxygen-saturated. At tills level Gl oxygen saturallen, nitric 
oxide combines predomlnantlv with oxyheme!)lollln to produce methemo
globin and nitrate. N.low OXVfl&n saturatlen, nitric ox[de can cnmblne with 
deoxyhemogiGbln lo trans!eniiV lerm nitrosylllemoglellln, which Is cnn· 
verted to nitrogen oxides and mall!emoglobln upan exposure to oxvgen. 
W"l1hin the pulmnn81Y system, nitric oxide can comll[no with oxygen and 
water to l)roduce nitrogen dioxide and nlll1te, respecttvelv, which Interact 
wHII oxy!lemoglebln to produce melhemaglobln and nitrate. Thus, tho end 
products of nitric oxide that enlotllte syelemlc circulation are predaml· 
nanUy metllemogtollin and nitrate. 
Metallcllsm 
Methemoglobin dlsposltlcm has been lnvesUgated as a runctlnn Gl time 
and nitric oxide exposure concentration In nennates will! resplratary tall· 
ure. The methemoglobin (MeiHb) concenlraUan-tlme profiles during tile 
flrs112 l!ours ol exposure to 0, 5, 20, and 80 ppm INOmax are sttown In 
Agure t. 
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lhlurs ol INOmax Admlnlstratm 
Melhentoglollln concentrations Increased dul1ng tlt8 11rst 8 hours ol nitric 
oxide exposure. The mean methemoglobin level remained beloW 1% in the 
Jllaeello group and In the 5 ppm and 20 ppm iNOmax groups. but readied 
approximately 5% In the 80 ppm IHOmax group. M81hemoglollln levels 
>7% were attained on1J In patients receMng 80 ppm, w11ere they com· 
prlsed 35% ot the group. The average ume to reach peak metllemoglollln 
was 10 :1: 9 (SD) hours (mecllan, 8 hours) In these 13 patients: but one 
patient did rwt 8IC88d 7% unUI40 houra. 
Elimination 
Nitrate has been ldanUfled as the predominant nitric oxide metabolite 
excreted In tile urine, accounting for > 70% ol tile nltl1c oxide dose 
Inhaled. Nitrate Is cleared from the plasma l!y the kidney at rates 
approachlng the rate ol glemerutar flltrallon. 
curtiCAL TRIAlS 
The elflcacy oiiNOmax has been Investigated In tet111 and near-term new· 
boms with h}poxlc respiratory !allure resulting trom a v811ety Gl ettolo· 
gles. Inhalation ot INOmax reduces the oxvgenatlon Index (01, mean air· 
way pressure In em HaO x traction ol irl$lllred oxygen concentraUon [FIOzl 
x 100 divided by sys!Bmlc ~rial concentration In mm Hg [PaOiJI and 
Increases Pa02 (See CUNI 

1 

PHARMACOLOGY). 

-- NINOS study 
- The Necnalallnha!ed Nitric Oxide Study (NINOS) group conducted a dauble· 

blbtd, randontlzed, placebo-controlled, multic:en1er tl1al In 235 neonates with 
hypoxic respiratory failure. Tll8 olljective ol the study was to determine 
wltelher Inhaled nitriC OXide WGuld reduce the OCCIIIT1lrtC8 ol death andlot 
lnltiallon Gl extracorporeal memblane oxygenation (ECMO) in a prospectlve
ty deHned cohort of tet111 ot near·term neonates wlthllypoxlc respiralllly fail· 
ure unresponsive to cmventional therapy. Hypoldc respiratory failure was 
caused by meconlum aspiratian syndrGme (MAS; 49%), pii8Uill00iaisepsls 
121%), !diopatltic prirRa~Y l)ulrnonary trnJe1111nS1on of tile newborn (l'l't!N: 
17%), ot respiralllly distress syndrome (RDS: 11%).1nlants s14 days ol age 
(lllNII, 1.7 days) with a mean PaO, af 46 mm Hg and a mean oxygenation 
Index (01) of 43 em HaD I mm Hg ~initially randomized to receive 100% 
"<!with (n=114) ot w1t1tout (n=121)2.0 ppm nitric OJCicle for up to 14 days. 
Response to study drug was del!ned as a change lrum baseline in PaO, 30 
minutes alter starting treatment (lull response = >2.0 mm Hg. partial = 
11HG mm Hg. no response = <10 mm Hg). Neonates with a less than lull 
response were 8'181uated lot a response to 80 fllllll nitric Oldde ot control 
gas. The primary results lrum the NINOS study are presented In Table 1. 

Tale1 
SUmmaJy of ClilliW Results from NIHOS S1udy 

O;r:t(i NO P~<J).l') 

(0=121) {0=114) 

Cll<!Ul or ECMO".I 77 (54%) 52 (46%) 0.006 

Ceatta 20 (17'1!.) 16(14%) 0.60 

ECMO 66(55'<,) 44 (39%) 0.014 

• EJdracolporeal membrane oxygenali0t1 
t Death or need for ECMO was the study's primary end point 

Allhaugh the lnddance of death by 120 days ol age was Similar in bCI1h 
groups (NO, 14%; control, 17%), slgnlllcantly fewer Infants In the nitric 
oxide group required ECMO compared with controls (39% vs. 55%, p = 
0.014). Tll8 eotnblned Incidence ol death and/or Initiation of ECMO showed 
a Significant advantage for the nitric oxide trealed group (46% vs. 64%, p 
= 0.006). Tll8 nitric oxide group also had significanUy greater Increases in 
Palla and gJeater decreases In tile 01 and tile alveolar-arterial oxygen gra
dient than the control group (p<0.001 lot all parameters). SlgnlftcanUy 
more pallents had at least a parllal respanse to the Initial administration ol 
study drug In the nitric oxide group (66%) than the control group (ZS%, 
P<0.D01). Of the 125 Infants who d'KI not respond to 20 ppm nilric 
oxide or control, similar percentages ol NO-treated (18%) and control 
(20%1 patients had at least a partial respanse to 80 pJll11 nitric oxide 
lor inhalation ot control dru!J, suggesting a lack ol additional benefit 
tor the l!lgher dGSB ol nlll1c oxide. No Infant had study drug dlscon· 
tlnued for toxicity. Inhaled nitric oxide had no detectable effect on 
mortality. The adverse events collected in the NiNOS trial occurred at 
similar Incidence rates In bGth treatment groups (See ADVERSE 
REACTIONS). Follow-up exams were pertormed at 18-24 months lor 
tile Infants enroned in this trial. In the infants with available follow· 
up, the two treatment groups were slmilar with respect to their men· 
tal, mGtor. audlologle, or neurologic evaluations. 
CINRGI study 
This study was a double·bllnd, randomized, l)lacebo·conlrolled, mul· -
Ucenter trial ol 186 tet111 and near-tet111 neonates with pulmonary -
hyperlenslon and hypoxic resp!ralllly failure. The primary cbjectlve ol ~ 
the study was to determine whether INOmax would reduce the receipt -
el ECMO In these patlents.llypoldc respiratory laUure was caused by -
MAS (35%), ldlopatltic PPHN (30%). pneumonia/sepSis (24%), cr RDS 
(8%}. Patients with a mean Pa02 Clf54 mm Hg and a mean 01 of 44 em 
HaD I mm Hg were randomly assigned to receive either 20 ppm 
INOmax (11=97) or nitrogen gas (placebo; n=89) in addition to their 
ventilatory support. Patients who exhillited a Pa02 >60 mm Hg and a 
pH < 7.55 were weaned to 5 ppm iNOmax or placebo. The prirRa~Y 
results from the QNRGI study are f)leSenled in Table 2. 

Tallie 2 
SUmm81Y Cl1 Clinical RaWls from CINRGI Study 

Placello !'lOmax Pval.e 

ecwo·.r 51189(57%) 30197 (31%} <0.001 
Death 5189!6%) 3197 (3%1 0.48 

• Extracorpareal memllrane OXV!Ienation 
t ECMO was tile primary end 1J11int ol tl1is study 

SlgnlficanUy fewer neonates in the INOmax group required ECMO com· 
pared to the control group (31% vs. 57%. pdl.001). Wllile tlt8 number ol 
deaths were similar in both groups (INDmax, 3%; placebo. 6%), tile eotn· 
lllned lncldente ol death and/or receipt Cl1 ECMO was decreased In the 
INOmax group (33% vs. 511%, p<O.oot). 

In addition, the INDmax group had signl6canUy improved OxygenatiOtl as 
measured l!y Pa02- OJ, and aiYeolar·arterlal gradient (p<0.001 fer aU 
parameters). 01 the 97 patients treated wltiiiNOmax. 2 (2%} were with· 
drawn from study drug due to methemoglobin levels >4o/o. The frequency 
and number of advefse events reporled were slmilat in the two study 
groups (See ADVERSE REACTIONS). 
ARDSstudy 
In a randomized, double-blind, parallel, multicenter study, 385 patients 
with adult respiratury distress syndrome (ARDS) associated with pneumo· 
nla (46%), surgery (33%), multiple trauma (26%), aspiration (23%), pul· 
mon81Y contusion (18%), and other causes, with PaOJA02 <2SO mm Hg 
despite optimal oxygenation and ventilat!Otl, received placebo (n=193) or 
iNOmax (n=192), 5 ppm, fot41tours to 28 days ot until weaned because 
ol Improvements in oxygenation. Despite acute improvements In OJCY· 
genauon, tllere was no effect or INOmax on the primary endpoint of days 
alive end off ventilator support. These results were conslsl8nt with out· 
come data lrum a smaller dose ranging study ol nitric Oldde (1.25 to 80 
ppm). INOmax Is nGt Indicated lor use In ARDS. 
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INDICAnONS 
INOmaJC, In conjuncllon ventilatory suppart and allier appropriate 
agents. is Indicated far lila reatment ol term and near-term (>34 weeks) 
neonates with hypoJic re plratory !allure associated with clinical or 
ecllocanllographlc evlde or pulmanary hypertenslan. where II 
Improves oxygenation and uces the need for exlnlcorpontal membrane 
oxygenation. 
CONiliAINDtCAnONS 
INDmax sllould not be used In tile treatment or neonates known to be 
dependent on rlgltt-to-leH sllunling ol blood. 
PRECADnONS 
RebGUIId 
Abrupt dlsamlinualion or INDmax may lead to worsening oxygenaUon and 
Increasing pulmonary artery III'IISSIIRI. 
Metllemqloblnemla 
Methemoglcbinemla Increases with llle dose ol nitric oxide. In lila clinical 
trials, maximum melhemoglabln levels usually were readied approxl· 
malely 8 hours after lniUauon of Inhalation, allhough methemoglab!n lev· 
els have peaked as lata as 40 hllurs lollowing Initiation oiiNDmax lllera· 
py.ln one study, 13 or 37 (35%) ol neonates treated with INDmax 80 11pm 
had melllemoglob!n levels exceecllng 7%. FoiiGwlng discontinuation er 
reduction of nill1c oJJde the methe1110!110111n levels returned to baseline 
over a pellod Clf hounl. 

Elmded NDz Lnels 
In one study. NDz le'lels wue <0.5 ppm wllen neooates were treated wilh 
l)lacebo, 5 ppm, end 20 ppm nitric OJide over tile first 48 hllurs. llle 80 
11pm group had a mean peak NDz level Clf 2.6 ppm. 
Dnlg Interactions 
No fermal drug-Interaction studies have been perlermad, and a clinically 
Signlllcantlnleradlon with ather 1118dlcauons used In the treatment or 
hypoxic respilalery !allure cannot be excllllled based on tile 8'13llable 
data. INOmax has been adntlnlsleted with tolamllne. dopamine. dolnda· 
mine, steroids, Slllfaclant. and 111gb-frequency ventilallon. Allhouglllllere 
are no study data to evaluate the possillillly, nilrlc oxide c1o110r com
pounds, Including sodium nitroprusside and nltnlglycerln, may have an 
a11c1111ve effect with INOmax on the risk or developing metllemogtobine
mia. All association between !111kJca1ne and an Increased risk ol mellle
moglab!nemia, particularly In Infants, has Sli8Cfllcally been described In a 
literature case repott.lllls risk is present whetller the drugs are adminls· 
tered as oral, parenteral, ar topical rormulallons. 
ClrciRG!Jeaesls, Mu1agenals, lmpalrmatl of Fertility 
No evidence of a carcinogenic effed was apparent, at lnhalaUun expo
sures up to tile recommended close (20 ppm), In rats lor 20 ltr/day for up 
to two years. Hlglter 8lCIJOSUI8S have not been Investigated. 
Nitric oxl1le has demonstrated genatoxlclly in Salmonella (Ames Tes1), 
human lympllocytes, and attar In 111vo exposure In ra1s. Tllent are no ani
mal or 11uman studies to evaluate nitric oJJda for effects on lertillly. 
Pregnancr; cmgory c 
Alimal repnxlucllon studles ha\'8 not been conducted v.1lh INOmax. Ills nnl 
known If IOOmax can cause 1eta1 hann when admlnlstenJd to a pregnant 
woman ar can affect repnxlucllve capaclty.INOmallls not intended fer adldts. 
Nursing Motllers 
Nitric oxide Is not lml!caled klr use In the edult papulalfan, includlng nurs
ing mothers. It Is not known wlletller nitric oxide Is 8lCCrlted In human milk. 
Pldlatrlc Use 
NHrlc OJlde fer Inhalation has been studied In a neonatal papulatlan (up to 
14 days or age). No lnfannauan about its elfecUYeness In other age pop
ulations Is available. 
ADVERSE REACTIONS 
Controlled studies have Included 325 paUents on INOmax doses or 5to 80 
ppm and 251 patients an placebo. Total mortality In the pooled trtals was 
11% em p:lacebo and 9% on INOmax, a result adequate to exclude INOmax 
mortality being more titan 40% wcrse titan placebo. 
In both the NINOS and CINRGI studlas,llle duration olllospltallzatlon was 
similar in INOmax and placebo-troated groups. 
Fntm all controlled studies, at least 6 months ollollow-up Is available tar 
278 patients wllo recelved INOmax and 212 patients wllo received !)lace· 
llo. Among 11tese patlents,tllere was no evidence ol an adverse ellect or 
treabnent on tile need for rehospitalization, special medical semces,pul· 
monary disease, or neuntlogical sequelae. 

---

In the NINOS study, treatment gmups were similar with respoct to the 
incidence and severity ollntrecrenialhemerrhage, Grade IV hemor· 
rhage, perlvenlrlcular leukomalacla, cerebral lnlarclion, seizures 
requiring anuconvulsanllllerapy, pulmonary llomorrllage, or gastroln· 
tesllnal hemorrhage. 
llle table below sllows edVUfSe events with an Incidence or at least 
5% on INOmax In the CINRGI stud~. and that wero more comman on 
INOmax than on placebo. 

ADVERSE EVENTS IN THE CINRGI TRIAL 

Adnne Event Placebo (no89) Inhaled ND (na971 

HYJiolenslon 9 (10%) 13 (13%) 

Withdrawal 9 (10%) 12 (12%) 

Atelec1as1s a (!Pol 9 (!Po) 

Hematuria 5 (6%) 8 rs•<>J 
HYJiergtycemia s (l~•J 8 (B••J 

Sepsis 2 (2%) 7 (,.4) 

lnlection 3 (3"•1 & (6•<J 

Stridor 3 (30:.} 5 (5%) 

CeDulllis o (O~•J 5 (S••J 

OVERDOSAGE 
Overdosage with INOmax will be manliest by elevations In melllemoglo· 
bin and N01• Elevated N02 may cause acute lung InJury. Elevations in 
melhemoglcblnemla reduce the oKygen delivery capacity ar tile circula· 
Uan.ln clinical studies, NDz levals >3 Pllm or methemoglobin levels >7% 
were treated by reducing the dose or, ar dlsconllnulng,INOmax. 
Melllemogtoblnemla that does not resolve aner reducUon or disconllnua
Uon ar tllorapy can be treated with lntravenaus vitamin C. intravenous 
methylene blue. or blood transfusion, based upon tile clinical situation. 

PDST·MARKmNG EXPERIENCE 
llle klllowlng adverse events have been reported as part al the post-mar· 
kellng surveillance. Tllese events have not been reparted above. Given the 
nature Clf sponteneously reported post-markeUng surveillance date, it Is 
Impossible to determine tllo actual Incidence olthe events ar deflnillvely 
esta!JIIsh their causal relallonsltlp to lite drug. 111e !!sUng Is aljdtabetical: 
dose enors associated w111t tile delivery system: lleadaclles associated 
with envlmnmental 8XIIOSUf8 or INOmaJC In llosllital staff; hypotension 
assoclaled with acute witlldrawal or the drug: hypoxemia associated with 
acule withdrawal or the drug; pulmonary edema In patients with CREST 
syndrome. 
DOSAGE AND ADMIRISTRAnON 
Dosage 
111e recommended dose oiiNOmax is 20 ppm. Treatment sllould be main· 
talned up to 14 days or until lite underlying oxygen desaturallon has 
resolved end the neonate Is ready to be weaned lntm INOmax tlleJapy. 
An lnltlal dose Clf 20 ppm was used in the NINOS and CINRGIIrlals.ln QN· 
RGI, patients wl1ose oxygenallon Improved with 20 ppm were dose· 
reduced to 5 Pllm as tolerated at the end nl4 hours ol treatment. In the 
NINOS trial, patJents w11ose oxygenation tailed to 1m11rove on 20 ppm 
could be Increased to 80 IIPm, bullhose patients did nat lllen Improve on 
the lllgher dose. As the rlslc of methemoglobinemia and elevated N01 lev· 
els Increases Significantly when INOmax Is administered at doses >20 
ppm, doses above tills level on!lnarlly should not be used. 
AdmlllistraUon 
MdlUonal therapies should be used to maJimlze oxygen de!ively. In 
patients with COllapsed alveoli, addltJonal therapies might lncluda surfac
tant and high-frequency oscillatory ventilalian. 

1be safely and effectiveness af inhaled nill1c oxide have been establislted 
in a populaUun receiving otlter therapies for llypoxlc respiratory failure, 
Including vasodilators, Intravenous fluids, blcartJonate lllerapy, and 
mechanical venUiaUon. Olllerenll!ose regimens far nitric oxide were used 
In the clinical studies (see aJNICAI. TRJAI..S). 

INOmax should be administered with monitoring tor PaDz, melllernogio
bln, and N01. 

1lle nill1c oJida delivery systems used in the c!lnlcallrlals provided oper
ator-determined concerrtralions of nitric oldde In the breatlting gas, and 
the concentraUon was canstant thrnughoul the f'I!SIIIratery cycle. INDmax 
must be delivered througtJ a system with lllese chalactertstlcs and wltlcll 
does nat cause generation of excessive Inhaled nitrogen dioxide. Tile 
INOvent., system and otller systems meeting lltese criteria were used In 
the clinical lrlals.ln the ventilated neonate.11recise monilllling ol ii'ISilired 
nill1c oxide and NDz sllauld be instituted. using a property calibrated 
analysis device willt alarms. 111e system should be calibrated uSing a Pf8-
clsety deflned callbrallon mixture ol nitric oxide and nitrogen dioxide, such 
as INOcaJ". Sample gas tar analysis should be drawn before the Y·11iece, 
proximal to lite patient Oxygen levels sllould also be measured. 
In the event ol a system failure or a wall-oullel power lallure. a backup 
battery power supply and reserve ni1rlc oxide delivery system sllould be 
available. 
1lle INOmax dose sllnuld not be discontinued abruptly as II may result In 
an Increase In pulmonary artery 1118S5UI8 (PAP) and/or worsening ol blood 
oxygenation (Pa02l. Deterioration In oxygenallan and etevallun in PAP may 
also occur In children with no apparent response to INOmax. 
DlsconUnuBiwean caullously. 
HDWSUPPUED 
INOmax (nllrlc oxide) Is available In the following sizes: 
Size D Portable aluminum cylinders containing 353 liters at STP of 

nitric oxide gas In 800 ppm concentration in nitrogen (delivered 
volume 344 liters) (NDC 64693·002·01 ) 

Size D Porlallle aluminum cylinders cantainlng 353 liters at STP ol 
nitric oxide gas In 100 ppm concentratlan in nitrogen (delivered 
volume 344 liters) (NDC 64693-llOt -01 ) 

Size 88 Aluminum cylinders containing 196311ters at STP ol nllrlc oxide 
gas In BOO ppm cnncentraUon In nitrogen (delivered volume 
191811ters) (NDC 64603·002..02) 

Size 88 Aluminum cylinders containing 1963 liters at STP of nitric oxide 
gas In 1 00 ppm concentrallan In nJtrogen (delivered volume 
19181ltors) (NOC 64693·001..02) 

Stere at 25•c C77°f) with excurslnns permitted between 15-3o•c 
(511-86°f) [see USP Controlled Room Temperatunt). 
OccupaUunal ExiiiiSUre 
Tha oxposure llmll set by tho Occupational Safety and Health 
AdmlnlstraUon (OSHA) ler nllrlc oxide Is 25 ppm, and fnr ~ lite limit is 
5ppm, 
CAUTION 
Federal law prolllblts dispensing without a III8SCriptlon. 

!NO lllerapeuUcs 
6 Route 173 West 
Clinton. NJ 08809 
USA 
C 20071NO Tllorapeutics SPC-0303 V:3.D 
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New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

James S. Baldassarre et al. 
12/820,866 
June 22, 201 0 

Art Unit 
Examiner 

1613 
Ernst V. Arnold 

METHODS OF TREATING TERM AND NEAR-TERM NEONATES HAVING 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 223 13-14 50 

REVOCATION AND NEW POWER OF ATTORNEY 

Under 37 CFR §3.73(b), Ikaria Holdings, Inc., a corporation, certifies that it is the assignee ofthe 

entire right, title, and interest in the patent application identified above, by virtue of an assignment fi·om 

the inventors of the patent application identified above, which assignment was recorded in the Patent and 

Trademark Office at Reel 026606, Frame 0197 on July 18,2011. 

The undersigned has reviewed all the documents in the chain of title of the patent application 

identified above and, to the best of undersigned's knowledge and belief, title is in the assignee identified 

above. 

The undersigned, whose title is supplied below, is empowered to act on behalf of the assignee. 

The undersigned, acting on behalf of the assignee, hereby revokes all powers of attorney 

previously granted in the application and appoints the attorneys and agents associated with the Customer 

Number provided below to prosecute this application and to transact all business in the Patent and 

Trademark Office connected therewith, said appointment to be to the exclusion of the inventors and their 

attorney(s) and/or agent(s) in accordance with the provisions of37 CFR §3.71, et seq. of the Patent Office 

Rules of Practice. 

PTO Customer Number: 94169 

The undersigned also directs all correspondence be addressed to that Customer Number. 

~·. .., \ R~e,ctfult, '11~·""···, 
Date:. -~0\\J o,. / 'JD \ ( .\\ \\ 1\ -~ -m m m 

I JONAT(!:IA · .. N. fR VOOST 
Associat eneT~l Counsel 
Ikaria, Inc. 

22668504.doc 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Serial No. 
Filed 

James S. Baldassarre et al. 
12/820,866 
June 22, 2010 

Art Unit 
Examiner 
Conf. No. 

1613 
Ernst V. Arnold 
2913 

Title METHODS OF TREATING TERM AND NEAR-TERM NEONATES HAVING 
HYPOXIC RESPIRATORY FAILURE ASSOCIATED WITH CLINICAL OR 
ECHOCARDIOGRAPHIC EVIDENCE OF PULMONARY HYPERTENSION 

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

TRANSMITTAL OF DECLARATION 

A fully responsive reply to the June 8, 2011, Office action in the above-captioned case was filed 

on July 8, 2011. That reply included, as an exhibit to the Appendix B Declaration of Douglas A. Greene, 

M.D. under 37 C.F.R. § 1.132, a letter addressed to Dr. Greene from David L. Wessel, M.D. (the 

"Letter"). Applicants now submit and ask the Examiner to consider the enclosed Declaration of David 

L. Wessel, M.D. under 37 C.F.R. § 1.132. In the enclosed Declaration, Dr. Wessel repeats the points he 

made in the previously-submitted Letter, putting them in the form of a formal declaration. The remarks 

made by applicants in the reply filed July 8, 2011, regarding Dr. Wessel's comments in the Letter apply 

as well to the corresponding comments in the enclosed Declaration. 

Apply any charges or credits to Deposit Account No. 06-1050, referencing Attorney Docket No. 

26047-0003002. \ 

~ Respe~~y submitted, 

c)~~~ 
Customer Number 94169 
Fish & Richardson P.C. 
Telephone: (617) 542-5070 
Facsimile: (877) 769-7945 

22674400.doc 

CERTIFICATE OF MAILING BYEFS-WEB FILING 

I hereby certifY that this paper was filed with the Patent and Trademark 
Office using the EFS-WEB system on this date: 
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Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-14 50 

DECLARATION OF DAVID L. WESSEL. M.D. 
UNDER 37 C.P.R.§ 1.132 

I, David L. Wessel, do hereby declare the following: 

USSN: 12/820,866 

1. I currently hold the position of Senior Vice President, The Center for Hospital-

based Specialties, at Children's National Medical Center in Washington, D.C., where I am also 

the Division Chief of Critical Care Medicine. I am also the Ikaria Distinguished Professor of 

Critical Care Medicine. A copy of my curriculum vitae is attached as Exhibit 1. 

2. I received a bachelor's degree (B.S.) in physics from the College of William and 

Mary in 1972, a bachelor's degree (B.A.) in physiology from Oxford University in 1974, a 

doctoral degree (cum laude) in medicine (M.D.) from the Yale University School ofMedicine in 

1978, and a master's degree (M.A.) in physiology from Oxford University in 1983. 

3. Following my graduation from Yale, the majority of my time as a practicing 

physician was spent in academic medicine, where I focused on pediatric cardiology. From 1978-

1981, I performed an internship in pediatrics followed by a clinical fellowship at the Yale 

University School of Medicine. From 1981-1985, I was a fellow in pediatric anesthesiology at 
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Harvard Medical School, where I later became an instructor (1985), assistant professor (1987), 

associate professor (1994), and ultimately professor (2002), all in the area of pediatrics. In 2011, 

I will become a professor of pediatrics at the George Washington University School of Medicine 

and Health Sciences in Washington, DC. 

4. In addition to my academic experience, I have extensive experience in the 

pharmaceutical industry as a member of scientific advisory boards, advisory panels or steering 

committees for companies such as Pfizer, Johnson & Johnson, Eli Lilly, Bristol-Myers Squibb, 

Sanofi-Avenits, and INO Therapeutics.1 

5. In 2005, I chaired the Steering Committee of the Sponsor, INO Therapeutics LLC 

(INOT), to establish, design and oversee the INOT22 Study. In addition to being the Chair of the 

INOT22 Steering Committee, I also am the senior author of Atz and Wessel, Seminars in 

Perinatology 1997, 21(5), pp. 441-455 (Atz et al.). 

6. At the time of the design of the INOT22 Study protocol, neither I, the other Steering 

Committee members, nor the study Sponsor appreciated or anticipated that a child with left 

ventricular dysfunction who is not dependent on right-to-left shunting of blood would be at 

additional risk when treated with inhaled nitric oxide (iNO). This is the reason such children 

were not originally excluded from the INOT22 Study entry criteria. 

7. Neither the Atz et al. article that I co-authored, nor the medical literature or medical 

experience of which I was aware at the time, predict this risk. Instead, Atz et al. describes two 

distinct, independent precautions with respect to the use ofiNO. First, with respect to adults, Atz 

et al. stated that iNO may be more effective in newborns than in older patients, and noted that it 

should be used with caution in adults with ischemic cardiomyopathy in whom a risk of 

pulmonary edema is a consideration (see page 452, left column). Second, with respect to 

neonates, we stated the well-known contraindication (currently found in the INOMAX® 

In the interest of full disclosure, I formerly served as a consultant for INO Therapeutics 
LLC. I currently serve without remuneration as a member of the Ikaria Scientific Board of 
Advisors. In 2010, I was appointed by my institution as the Ikaria Distinguished Professor of 
Critical Care Medicine. 

Ex. 2007-0904



Applicant : Baldassarre et a! 
Serial No. : 12/820,866 
Filed 22JUN10 
Page : 3 of4 

Attorney's Docket No.: 1001-0002USC1 

prescribing information) that iNO should not be used in newborns dependent upon right-to-left 

shunting of blood across a patent ductus arteriosus to avoid circulatory collapse. What we did 

not disclose or predict was that neonatal patients with left ventricular dysfunction who are not 

dependent on right-to-left shunting of blood would be at greater risk of adverse events. 

8. It is ironic that my own publication would be cited to suggest that it would have 

been obvious to predict the adverse events and outcomes of the INOT22 Study when I, the senior 

author of Atz et al., failed to anticipate or predict these unexpected outcomes at the time I 

participated in drafting the original INOT22 Study protocol. If so, I would have been acting 

either negligently or intentionally to harm babies, and I most certainly was not. Furthermore, to 

my knowledge, none of the other members of the INOT22 Steering Committee who assisted me 

in designing the study, nor the approximately 18 Institutional Review Boards and 2 National 

Health Authorities who reviewed and approved the study prior to its initiation, predicted the 

adverse events in children with left ventricular dysfunction who are not dependent on right-to

left shunting of blood. 

9. In summary, although it was known that neonates dependent on right-to-left shunt 

should not receive iNO and it had been reported that adults with pre-existing left ventricular 

dysfunction may be at risk when provided iNO, it was unanticipated and surprising that children 

with left ventricular dysfunction who are not dependent on right-to-left shunting would be at 

increased risk of adverse events when administered iNO. 

10. I hereby declare that all statements made herein of my own knowledge are true and 

that all statements made on information and belief are believed to be true; and further that these 

statements were made with the knowledge that willful false statements and the like so made are 

Code, and that such willful false statements may jeopardize the val' 
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CURRICULUM VITAE 

1) PERSONAL DATA 

Date prepared: 

Name: 

Home address: 

Home phone: 

Office Address: 

E-Mail Address: 

Place of Birth: 

Citizenship: 

April 2011 

David Lloyd Wessel 

3251 Prospect St. NW, Suite 404 Washington, D.C. 20007 

202-342-0908 

Children's National Medical Center 
111 Michigan Ave, NW Suite 3W-1 00 Washington, DC 20007 
TEL: 202 476 5047 FAX: 202 476-5868 

dwessel@childrensnational.org 

Newton, Iowa U.S.A. 

United States 

2) EDUCATION: 

1972 
1974 
1978 
1983 

B.S. 
B.A. 
M.D. 
M.A. 

College of William and Mary (Physics), Williamsburg, VA 
Oxford University (Physiology), Oxford, England 
Yale University School of Medicine (Medicine), New Haven, CT 
Oxford University (Physiology), Oxford, England 

POSTDOCTORAL TRAINING: 
Internship and Residencies: 
1978-79 Intern in Pediatrics, Yale-New Haven Hospital, New Haven, CT 
1979-80 Resident in Pediatrics, Yale-New Haven Hospital, New Haven, CT 
1981-83 Resident in Anesthesia, Massachusetts General Hospital, Boston, MA 

Fellowships: 

Wessel Page 1 of 39 

1980-81 Fellow in Pediatric Cardiology and Intensive Care, Yale-New Haven Hospital, New Haven, CT 
1983-84 Fellow in Pediatric Cardiology, Children's Hospital, Boston, MA 
1984-85 Fellow in Anesthesia and Intensive Care, Children's Hospital, Boston, MA 

3) EMPLOYMENT 

CHILDREN'S HOSPITAL, BOSTON 
1985-87 Assistant in Anesthesia 
1985-88 Assistant in Cardiology 
1987-00 Associate in Anesthesia 
1988-89 Associate in Cardiology 
1988-07 Associate in Cardiovascular Surgery 
1988-02 Chief, Cardiovascular Intensive Care Unit 
1989-07 Senior Associate in Cardiology 
1995-02 Division Chief 
2000-07 Senior Associate in Anesthesia 
2002-03 Honorary Consultant, Royal Brompton Hospital, London, U.K. 
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CHILDREN'S NATIONAL MEDICAL CENTER, WASHINGTON, DC 
2007- Interim Chief, Division of Critical Care Medcine 
2007-09 Executive Director, Center for Hospital Based Specialties 
2009- Senior Vice President, Center for Hospital Based Specialties 
2010- I KARIA Distinguished Professor of Critical Care Medicin~ Children's National Medical Center, 

Washington, DC 

ACADEMIC APPOINTMENTS: 
1980-81 Fellow in Pediatrics (Cardiology), Yale School of Medicine, New Haven, CT 
1981-83 Clinical Fellow in Anaesthesia, Harvard Medical School, Boston, MA 
1983-84 Clinical Fellow in Pediatrics, Harvard Medical School, Boston, MA 
1984-85 Clinical Fellow in Anaesthesia, Harvard Medical School, Boston, MA 
1985-86 Instructor in Anaesthesia, Harvard Medical School, Boston, MA 
1987-93 Assistant Professor of Anaesthesia (Pediatrics), Harvard Medical School, Boston, 
1987-94 Assistant Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
1994-99 Associate Professor of Pediatrics, Harvard Medical School, Boston, MA 
1999-02 Associate Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
2002-03 Visiting Professor Imperial College, University of London, London UK (4/02-4/03) 
2002-07 Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
2011- Professor of Pediatrics, George Washington University School of Medicine and Health Sciences, 

Washington, DC (pending) 

4) LICENSURE AND CERTIFICATION: 
1979 National Board of Medical Examiners 
1985-07 Massachusetts License Registration 
1985 American Board of Pediatrics (Permanent) 
1985 American Board of Pediatrics, Sub-board of Pediatric Cardiology (Permanent) 
1986 American Board of Anesthesiology (Permanent) 
1987 American Board of Pediatrics, Sub-board of Critical Care (Re-certified 1996, 2004, 201 0) 

5) PROFESSIONAL SOCIETIES & HONORS: 
1982- American Society of Anesthesiologists 
1982-2007 Massachusetts Medical Society 
1986- American Academy of Pediatrics 
1987- Society of Critical Care Medicine 
1987- American Society of Critical Care Anesthesiologists 
1987- Society of Pediatric Anesthesia 
1989- American Heart Association (Fellow) 
1991- Society of Cardiovascular Anesthesiologists 
1995- Society of Pediatric Research 
1999- Pediatric Cardiac Intensive Care Society- President 2000-2004; Vice President, 

Development 2010-

AWARDS, HONORS AND NAMED LECTURES: 
1968 Maytag Scholar (industry sponsored corrpetitive college scholarship) 
1971 Phi Beta Kappa 
1971 Omicron Delta Kappa 
1971 National Physics Honor Society (President) 
1972 General Honors (William and Mary) 
1972 Drapers' Scholar (Oxford) 
1972 Mathematics Honor Society 
197 4 Balliol College Prize (Oxford) 
197 4 First Class Honours (Oxford) 
1978 Cum Laude (Yale) 
1978 Alpha Omega Alpha Honor Medical Society 
1978 Harry S. Greene Prize (Yale) 
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1994 
1994 
1994 
1995 
1995 

1996 
1997-
1999 

2000 

2001 
2002 
2004 

2004 

2005 
2006 
2007 
2010 

2010 

2010 

Wessel Page 3 of 39 

Katkov-Lundeen Memorial Lecture, Minneapolis Children's Hospital, Minneapolis, MN 
Saul Usher Memorial Lecture, Montreal Children's Hospital, Montreal, Canada 
Farouk ldriss Memorial Lecture, Children's Memorial Hospital, Chicago, IL 
A. W. Conn Lecture, Hospital for Sick Children, Toronto, Canada 
DiCerbo Foundation Lectureship in Pediatric Critical Care, North Shore University Hospital, 
New York, NY 
Teaching Award, Pediatric Cardiology, Children's Hospital Boston 
Listed, Best Doctors in America, continuously since inception 
291

h Annual Jennifer B. Lalin Lecture, Babies Hospital, Columbia UnW'ersity College of 
Physicians and Surgeons, New York, NY 
Tenth Anniversary Lecture, Taiwan Pediatric Association, Critical Care Sub Committee, 
Kaohsiung Veterans General Hospital, Taipei, Taiwan 
Recipient, Papas Gift Award for Outstanding Clincal Care ($25,000 to Children's Hospital Boston) 
M.A. (Honorary) Harvard University, Cambridge, MA 
Keynote Address, Opening Ceremony, Annual Meeting of the European Society of Pediatric and 
Neonatal Intensive Care, London, United Kingdom 
Leadership & Mentor Award: "In recognition of your contributions toward improving children's heart 
health," The Fifth International Symposium on Pediatric Cardiac Intensive Careco-sponsored by the 
Pediatric Cardiac Intensive Care Society and the Texas Childen's Heart Center 
Jared Ellsworth Memorial Lecture, Rainbow Babies and Children's Hospital, Cleveland, Ohio 
Eddie Farrell Memorial Lecture, Massachusetts Society of Respiratory Care 
Robert A. Boxer, M.D. Memorial Lecture, Schneider Children's Hospital LIJ, North Shore 
John J. Downes, Jr.,M.D. Lecture, Cardiology 2010, Orlando, FL. Sponsored by Children's Hospital 
Philadelphia. 
Outstanding Research Award in Pediatric Cardiology(Council on Cardiovascular Disease in the Young), 
AHA Scientific Sessions, Chicago, IL 
Anthony Chang Honorary (Inaugural) Lecture. Pediatric Cardiac Intensive Care Society. 

6) ADMINISTRATIVE DUTIES & UNIVERSITY ACTIVITIES 

HOSPITAL AND HEALTH CARE ORGANIZATION SERVICE RESPONSIBILITIES: 
CHILDREN'S HOSPITAL, BOSTON 
1985-91 Attending Physician and Associate Director, Multidisciplinary Intensive Care Unit 
1985-07 Attending Physician in Cardiology (Intensive Care) 
1985-07 Attending Physician in Anesthesia (Cardiac) 
1985-07 Associate in Cardiovascular Surgery (teaching) 

CHILDREN'S NATIONAL MEDICAL CENTER, WASHINGTON, DC 
2007- Attending Physician in Critical Care Medicine, Cardiology, Cardiac Anesthesia 
2007- Member, Children's National Heart Institute 

MAJOR ADMINISTRATIVE RESPONSIBILITIES: 
CHILDREN'S HOSPITAL, BOSTON 
1988-02 Director, Cardiac Intensive Care Unit 
1990 Associate Director, Critical Care Pediatrics Training Program 
1993-02 Treasurer, Board of Directors, Boston Children's Heart Foundation including investigative 

1997-98 
1998-03 
1999-02 
2000-02 
2003-04 
2004-05 
2004-05 

and forensic accounting responsibilities surrounding departed chairman (1993-96) 
Board of Directors, Children's Hospital Physicians' Organization, Boston, MA 
Physician Leadership Council, Children's Hospital, Boston, MA 
Medical Director, Pharmacy, Children's Hcspital, Boston, MA 
Clinical Sponsor, Critical Care Clinical Information System, Children's Hospital, Boston, MA 
Interdisciplinary Peer ReviewAssignments and Presentation of Critical Events to JCAHO 
Board of Directors, Boston Children's Heart Foundation 
Physician Leadership Council, Children's Hospital, Boston, MA 
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CHILDREN'S NATIONAL MEDICAL CENTER, WASHINGTON DC 
2007- Accountable executive for clinical Center of Excellence; $200M revenue, more than 700 illl time 

employees. Includes divisions and departments of critical care medicine (both cardiac and pediatric ICI 
neonatology; hospitalist medicine (inpatient general pediatrics); emergency medicine; radiology; respire 
care services (respiratory therapy); infectious disease, ha;pital infection control and epidemiology; 

2007-
2007-
2007-
2007-
2007-
2007-
2007-
2007-
2007-
2008-
2009-

endocrinology and the diabetes care complex; transport medicine, fetal and transitional medicine, ECrv 
Leadership Council 
Children's Hospital Foundation Board of Directors 
Critical Care Committee (Co-Chair) 
Executive Committee of the Medical Staff 
Executive Directors Council (Senior Vice President Council 2008-) 
Hospital Based Specialties (HBS) Leadership Committee (Chair) 
HBS Campaign Council (Chair) 
Strategic Planning Council 
Interim Chief, Division of Critical Care Medicine 
Healthcare Review Committee (risk management financial governance) 
Steering Committee Strategic Planning Council (201 0-15) 

MAJOR COMMITTEE ASSIGNMENTS: 
HARVARD MEDICAL SCHOOL 
1996-98 Futility of Care Task Force, Harvard Medical School 
1999 Search Committee, Chief of Pediatric Pulmonary Medicine, Children's Hospital, Boston, MA 
2005-07 Ad Hoc Evaluation Committee for Professorial Promotion 

CHILDREN'S HOSPITAL, BOSTON 
1988-93 Multidisciplinary Intensive Care Committee 
1989-90 Chairman, Hospital Task Force on Sedation 
1990-92 Hospital HMO Committee 
1991-92 Medical Staff Quality Improvement Committee 
1991-93 Department Quality Improvement Officer 
1991 Hospital Review Committee for Department of Clinical Laboratories 
1992 Chairman, Nominating Committee, Medical Staff Association 
1992-99 Chairman, Special Care Units Committee 
1992 Hospital Search Committee for Director of Clinical Laboratories 
1992 Physician Advisory Committee on Computers 
1992 Operations Improvement Committee 
1993 Hospital Search Committee for MICU Director 
1993-01 Cardiovascular Program, Quality Improvement Committee 
1996-98 Product Standardization Council 
1998-01 Planning and execution committee for ICU electronic clinical information system 
1998-01 Clinical Oversight Committee for Transport 
2000 Nominating Committee, Physician's Organization 
2000-02 Chairman, Pharmacy and Therapeutics Committee 
2000-02 Hospital Task Force on Clinical Building and New Construction 
2000-06 ICU Committee 
2004-05 Committee on Pension lnvestmen1s, Physicians' Organization 
2004-07 Quality and Outcomes Measurement, Physicians' Organization 
2005-07 Program for Patient Safety and Quality Implementation Committee 
2006 Hospital Search Committee for Non-invasive Cardiology Division Chief 
2006-07 Hospital Peer Review Panel 
2006-07 Physician Profile Task Force 
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DEPARTMENT OF CARDIOLOGY, CHILDREN'S HOSPITAL, BOSTON 
1988-01 Fellowship Selection Committee 
1998-02 Audit and Finance Committee 
1998-02 Computing Committee 
2004-05 Audit and Finance Committee 

CHILDREN'S NATIONAL MEDICAL CENTER, WASHINGTON DC 
2007-09 Facilities Leadership Committee 
2007- Growth Management/ CARE 
2007- NICU Steering Committee 
2007- Quality and Clinical Effectiveness Committee 
2007- Quality and Safety Council 
2007- Information Technology Oversight Committee 
2007-09 CTI Clinical Advisory Council (electronic medical record) 
2007- Task Force on Access/Referral 
2007-08 Hospital Search Committee for Cardiology Division Chief 
2007- Safety Transformation Advisory Council 
2009- Executive Oversight Committee (post graduate education) 
2009- Physicians Advisory Committee (third party payor contracts) 
2011- Physician Productivity Committee (Chair) 
2011- Internal Advisory Board, GWU I CNMC, for NIH funded CTSI Award (Chair) 

NATIONAL & INTERNATIONAL 
1995 Clinical Trials Review Committee (Ad hoc reviewer), National Institutes of Health 
1995-98 Invited Speaker, Cardio-renal Advisory Panel, U.S. Food and Drug Administration 
2004-06 Task Force ACC AHA AAP: Requirements for Pediatric Cardiac Critical Care Training 
2005-06 Multi-Societal Committee (PCICS/EACTS/STS) Complications in Pediatric and Congenital 

Cardiac Surgery Project 
2008- National Institute of Allergy and Infectious Disease Transplant Data and Safety Monitoring Board 

(DSMB)- Member 
2010 FDA Invited Speaker, Continuing Education Series 
2010 International Liaison Committee on Resuscitation (ILCOR): 2010 Consensus Statement and 

Treatment Recommendations. 
2011 Joint American Heart Association (AHA)- American Thoracic Society Expert Guidelines Statement 

on Pediatric Pulmonary Hypertension. 

INDUSTRY 
1994-97 
1998-02 
1999-01 

2001-06 
2001-02 
2001-03 
2001-09 
2003 
2005-07 

2005-07 
2005-07 
2006-

2009 

Scientific Advisory Board on Nitric Oxide, Ohmeda Pharmaceuticals 
Curriculum Development Committee, INO Therapeutics 
Steering Committee, Prophylactic use of Primacor® in pediatric patients at high risk of developing 
low cardiac output syndrome following cardiac surgery. PRIMACORP study-Prophylactic 
intravenous use of milrinone after cardiac operation in pediatrics. Sanof~Synthelabo Inc. 

Chairman, Advisory Panel INOTherapeutics 
Scientific Advisory Board AGA-Linde 
Protocol Planning Committee (POE V inhibitors) Pfizer 
Scientific Advisory Board for pulmonary hypertension research development, Pfizer 
Steering Committee for Multicenter Trial on Diagnostic Use of Inhaled Nitric Oxide 
Steering Committee for Multicenter Trial on Use of Nesiritide in Children, SCI OS (Johnson & 
Johnson) 
Advisory Committee on lloprost and Treatment of Pulmonary Hypertension in Children, Cotherix 
Advisory Board, Eli LilyVardenafil for Pediatric Pulmonary Hypertension 
Steering Committee (Chairman) for Multicenter Trial on Use of Clopidogrel in Children (CLARINET), 
Bristol-Myers Squibb & Sanofi-Aventis 
Advisory Panel, Nesiritide Use in Pediatric Cardiovascular patients, Johnson & Johnson 
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COMMUNITY SERVICE RELATED TO PROFESSIONAL WORK: 
1994-97 Lecturer, Human Body Curriculum, Wellesley Public School System, Wellesley, MA 
1996 Hospital Spokesman, Boston/Filenes' Holiday Festival 
1996 Campaign for William & Mary, 2Sh Anniversary Committee 
2000-02 Hospital Spokesman, Capital Campaign and Children's Hospital Boston Fundraising, including keynot~ 

speaker,2000 
2007- Multiple CNMC Fundraising and Community Benefit Eventl:j presentations to Emeritus and Lady Visitc 

Boards, etc. 
2008 Speaker, CNMC Corporate Leadershp Council "What's Up, Doc?" Breakfast, World Bank, Washingtor 

D.C. 

EDITORIAL BOARDS/REVIEW COMMITTEES: 
Ad Hoc Reviewer: 

Acta Pediatrica 
American Journal of Cardiology, American Journal of Physiology 
American Review of Respiratory Diseases and Critical Ca-e 
Anesthesia & Analgesia, Anesthesiology 
Annals of Thoracic Surgery 
Archives of Diseases of Childhood 
Cardiovascular and lnterventional Radiology 
Chest 
Circulation 
Critical Care Medicine 
European Heart Journal 
Future Cardiology 
Journal of Intensive Care Medicine 
Journal of Pediatrics 
Journal of Thoracic and Cardiovascular Surgery 
Mayo Clinic Proceedings 
Pediatrics, Pediatric Cardiology, Pediatric Critical Care Medicine, Pediatric Research 
Proceedings of the National Academy of Science 

Invited consultant, to review and make recommendations to institutional programs for pediatric cardiovascular care 
(national and international) 

Asked by Children's Hospital Boston to chair ad hoc committees reviewing sentinel events, other critical incidents and 
report the hospital's analysis and action to the Hospital's Board of Trustees, JCAHO, etc. 

7) EDUCATIONAL ACHIEVEMENTS 

REPORT OF TEACHING 
1. LOCAL CONTRIBUTIONS 

a) MEDICAL SCHOOL 
Yale University School of Medicine, New Haven, CT 
1975-76 Program leader, Cardiovascular physiology core lectures in Physician's Associate Program 

Designed lecture series for new PA program; 20 hours/year 

Harvard Medical School, Boston, MA 

1983-98 Instructor, Cardiovascular Physiology Animal Laboratory, Harvard Medical School 
Approximately 60 medical students; one day per year 

1985-89 Cardiovascular Pathophysiology, Laboratory section on congenital heart disease 
Approximately 30 medical students; half day per year 
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1985-89 PGY clerkship in Pediatrics 

Lecturer in Critical Care (Multidisciplnary ICU) 
2 medical students each lecture; 12 hours/year 

b) GRADUATE MEDICAL EDUCATION (LOCAL} 
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1985-89 Didactic seminars on cardiovascular pathophysiology for pediatric critical care fellows and 
rotating residents 
Lecture once per week, 1 hour, 6 trairees per lecture 

1986-93 Developed and taught core curriculum: introduction to anesthesia and critical care for 
cardiologists 
Lecture once per week, 1 hour, six weeks, 20 fellows and junior faculty. Preparation, 40 hours 
per year 

1985-89 Co-developed tutorials on congenital heart disease and supervised core staff (3 tutors) for 
instruction of cardiology and cardiac ICU fellows during ICU rotation 
Lectures three mornings per week, 1/2 hour, 3-4 fellows; preparation, 2 hours per week 

1985-07 CICU attending rounds 
3 pediatric residents (1985-1989), 4-8 fellows and senior surgical residents; 18 hours/week, 
16-40 weeks/year (varies with year) 

1990-96 Chiefs' Ward Rounds 
3 medical students, 3 pediatric residents, 1 cardiology fellow; monthly 12 hous/year 

1996-07 Didactic lectures to cardiology fellows teaching program 
20 fellows 3 times per year · 

2002-03 Didactic lectures (monthly) to trainees at Royal Brompton Hospital. London 

c) BOSTON INVITED TEACHING PRESENTATIONS (SELECTED) 
1984 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1991 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1992 Surgical Grand Rounds, Children's Hospital, Boston, MA 
1992 Medical Grand Rounds, Children's Hospital, Boston, MA 
1994 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1996 Anesthesia Grand Rounds, Massachusetts General Hospital, Boston, MA 
1996 PICU Teaching Sessions, Massachusetts General Hospital, Boston, MA 
1997 Surgical Grand Rounds, Children's Hospital, Boston, MA 
1997 Medical Grand Rounds, Children's Hospital, Boston, MA 
1998 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
2003 Grand Rounds and teaching rounds, Royal Brompton Hospital, London, UK 
2004 Neonatology Clinical Working Group, Children's Hospital, Boston, MA 
2004 Department of Respiratory Therapy Clinical Working Group, Children's Hospital, Boston, MA 
2005 Department of Cardiology, Didactic Series, Children's Hospital Boston, Boston, MA 

d) WASHINGTON DC AREA INVITED TEACHING PRESENTATIONS (SELECTED) 
• Chief Rounds Monthly to ICU & Cardiology fellows and staff (15-20 physicians, 2hrs/month), CNMC, D( 
• ICU Attending Rounds, Children's National Medical Center, DC 
• Clinical Research Presentation to ICU/Cardiology Fellows 2 times per year, Children's National Medica 

Center, DC 
• Grand Rounds, Children's National Medical Center, DC 
• Grand Rounds, Mary Washington Hospital, VA 
• Grand Rounds, Anne Arundel Medical Center, MD 
• Teaching Rounds, Division of Critical Care Medicine, National Institutes of Health 
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e) CONTINUING MEDICAL EDUCATION (LOCAL) 
1988 Lecturer 

Harvard Medical School, Continuing Education Course in Pediatric Anesthesia 
"Anesthesia for Congenital Heart Disease" 

1990 Lecturer 
Harvard Medical School Continuing Education Course in Pediatric Anesthesia 
"Common Congenital Cardiac Lesions" 

1989 Moderator 
Harvard Medical School, Continuing Education Course in Pediatric Cardiovascular Disease 

1993 Lecturer 
Symposium on Brain Injury and Cardiac Surgery, Harvard Medical School, Boston, MA 
"Choreoathetosis After Cardiopulmonary Bypass" 

1996 Lecturer 
Harvard Medical School Continuing Education Course in Pediatric Anesthesia 
"New Vasoactive Drugs" 

1998 Co-director, First Annual Course: Frontiers in the Diagnosis and Management of Congenital 
Heart Disease, Children's Hospital, Boston, Harvard Medical School, Boston, MA 

1999 Co-director, Second Annual Course: Frontiers in the Diagnosis and Management of 
Congenital Heart Disease, Children's Hospital, Boston, Newport, Rhode Island 

2001 Co-director, Third Annual Course: Frontiers in the Diagnosis and Management of Congenital 
Heart Disease, Children's Hospital, Boston, Newport, Rhode Island 

f) ADVISORY AND SUPERVISORY RESPONSIBILITIES {LOCAL} 
1987- Responsible for clinical supervision and educational component of criical care for cardiology 

fellows in a large pediatric cardiology training program (two months each year for each of 18 
fellows spread over 2-3 years of training). 

1990-02 Responsible as mentor for clinical, educational and clinical research activities of2-3 senior 
clinical fellows each year. 

1985- Shared responsibilities for cardiovascular education and clinical supervision of pediatric critical 
care fellows in the CICU (3-5 months per year for 5-6 fellows spread over 2-3 years of 
training). 

1985-02 Shared responsibilities for critical care educational component of pediatric cardiovascular 
surgical training program (1 0 surgical residents each year rotating for 6 months each). 

1987-02 Responsible for medical education and clinical advisory tasks for conthuing education 
seminars for 80 critical care nurses. 

g) LEADERSHIP ROLE {LOCAL) 
1998-01 Program Co-Director 

Annual Course, "Frontiers in Diagnosis and Management of Congenital Heart Disease" Shared 
responsibility for organizing and executing post grad Late course attended by 200 pediatric 
cardiologists cardiovascular surgeons and nurses from the US and abroad. 
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h) NAMES OF SELECTED TRAINEES AND/OR FORMER CICU STAFF WHO HAVE CURRENT LEADERSHIP POSITIONS 
1985-88 Gil Wernovsky, MD, FACC *t§ 

Director of Program Development 
Former Director, Cardiac Intensive Care Unit 
The Children's Hospital of Philadelphia 
Professor of Pediatrics 
University of Pennsylvania School of Medicine 
Philadelphia, Pennsylvania 

1988-89 Ling Chen, MD * 
Director, Cardiac Intensive Care Unit 
Shanghai Children's Medical Center 
Shanghai, China 

1989-92 Pierre C. Wong, MD *t 
Cardiology Medical Director, Transplantation 
Children's Hospital of Los Angeles 
Los Angeles, California 

1989-92 Stephen J. Roth, MD, MPH *t 
Director, Cardiac Intensive Care Unit 
Lucile Packard Children's Hospital 
Associate Professor of Pediatrics 
Stanford University School of Medicine 
Palo Alto, California 

1989-92 Nancy Bridges, MD 
Chief, Transplantation Immunology Branch, Division of Allergy, lmmundogy, and 
Transplantation 
National Institute of Allergy and Infectious Disease 
Bethesda, Maryland 

1990-92 Howard A. Zucker, MD, FACC* 
Deputy Director of the World Health Organization 
Geneva, Switzerland 

1990-93 Kevin B. Churchwell, MD 
Chief Executive Officer (CEO) for Nemours/Alfred I. duPont Hospital for Children 
Wilmington, DE. 

1990-93 Anthony C. Chang, MD *t§ 
Medical Director, CHOC Children's Heart Institute 
Children's Hospital Orange County 
Orange, California 

1991-94 lan Adatia, MB, ChB, MRCP (UK), FRCP (C) *t 
Director, Pediatric Cardiac Critical and Intermediate Care Program, 
Director, Pediatric Pulmonary Hypertension Clinic, 
Stollery Children's Hospital, 
Professor of Pediatrics 
University of Alberta 
Edmonton, Alberta, Canada 
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1992-96 Andrew M. Atz, MD *t§ 
Director, Pediatric Cardiac Intensive Care Unit 
The Children's Heart Program 
Associate Professor of Pediatrics 
Medical University of South Carolina 
Charleston, South Carolina 

1992-96 David P. Nelson, MD, PhD* 
Director, Cardiac Intensive Care 
Cincinnati Children's Hospital Medical Center 
Professor of Pediatrics 
Cincinnati, Ohio 

1992-97 Sarah Tabbutt, MD, PhD* 
Director, Pediatric Cardiac Intensive Care Unit 
UCSF Children's Hospital 
San Francisco, California 

1994-97 Ricardo A Munoz, MD *t§ 
Director, Pediatric Cardiac Intensive Care 
Director, Global Business and Telemedicine 
Children's Hospital Pittsburgh 
Associate Professor of Pediatrics 
University of Pittsburgh 
Pittsburgh, Pennsylvania 

1994-99 Melvin C. Almodovar, MD *t§ 
Medical Director, Cardiac Intensive Care Unit 
Boston Children's Hospital 
Assistant Professor 
Harvard Medical School 
Boston, Massachusetts 

1995-96 Brendan O'Hare, MD * 
Consultant in Anesthesia and Critical Care 
Our Lady's Hospital for Sick Children 
Crumlin, Dublin, Ireland 

1995-96-Steven Schwartz, MD 
Director of Cardiac Intensive Care 
Hospital for Sick Children 
Assistant Professor of Pediatrics 
University of Toronto 
Toronto, Ontario, Canada 

1996-97 Alain Fraisse, MD *t 
Chief, Clinical Pediatric Cardiology 
Hopital D'Enfants de Ia Timone 
Professer of Pediatrics 
Universitaire de Marseille 
Marseille, France 
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1997-98 Guillermo Palacio, MD 
Director Pediatric Cardiac Intensive Care Unit 
Fundacion Cardio lnfantil 
Bogota, Colombia 

1997-98 Mary B. Taylor, MD* 
Director, Pediatric Cardiac Critical Care 
Cardiology and Critical Care 
Vanderbilt Children's Hospital 
Associate Professor of Pediatrics 
Vanderbilt University Medical Center 
Nashville, Tennessee 

1997-99 Rajiv Chaturvedi, MB BChir, MRCP (UK), MD* 
Pediatric Cardiology 
Hospital for Sick Children 
Assistant Professor 
University of Toronto 
Toronto, Ontario, Canada 

1998-01 Ravi Thiagarajan, M.D.* t § 
Director, Cardiac ECMO Program 
Children's Hospital Boston 
Associate Professor of Pediatrics 
Harvard Medical School 
Boston, Massachusetts 

1998-02 Peter C. Laussen, MBBS § 
Chief, Division of Cardiovascular Intensive Care 
D. D. Hansen Chair in Pediatric Anesthesia 
Senior Associate in Cardiology 
Children's Hospital Boston 
Professor of Anesthesia 
Harvard Medical School 
Boston, Massachusetts 

1998-99 Mary P. Mullen, MD, PhD*§ 
Director, Pulmonary Hypertension Program 
Assistant in Cardiology 
Children's Hospital Boston 
Assistant Professor in Pediatrics 
Harvard Medical School 
Boston, Massachusetts 

1999 Janet M. Simsic, M.D.* 
Director, Pediatric Cardiac Intensive Care Unit 
Nationwide Children's Hospital 
Columbus, Ohio 

2000 Erica A. Kirsch, MD* 
Director of Pediatric ECMO Program 
Associate Professor of Pediatrics 
University of Missour~Kansas City School of Medicine 
Kansas City, Missouri 
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2003-05 Margarita Burmester, MBBS* t 
Consultant in Pediatric Intensive Care 
Royal Brompton Hospital 
Imperial College 
London, United Kingdom 

* Clinical Trainees 
t Research Trainees 
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§ Faculty in CICU, Children's Hospital Boston 
during my tenure as Chief 

TEACHING AND EDUCATIONAL LEADERSHIP ROLES (LOCAL AND INTERNATIONAL) 
1987 Critical Care Consultant for Project Hope and the Cardiac htensive Care Unit, Xin Hua, 

Shanghai, China. Developed teaching program for critical care and supervised clinical training of 
physicians during 2-6month exchange programs. 

1996- Abstract and Program Reviewer for many National and International Societies including 
SPR, AHA, ACC, PCICS, World Congress 

2000 Invited faculty and cardiovascular program curriculum track convener 
Ill International Congress of Pediatric Intensive Care, Montreal, Canada. 

2002 Scientific Programme, Coordinator 
The Third Special Topics in Paediatric Cardiac Intensive Care, The Failing Myocardium 
Royal Brompton Hospital, Imperial College, London, United Kingdom 

2003 Invited faculty and cardiovascular program curriculum track convener 
IV International Congress of Pedatric Intensive Care, Boston, MA 

2004 Discussant Leader and Co-author (after Tom Kulik) on Critical Care Training Guidelines in 
Cardiology (SCCM, PCICS, AHA, ACC) 

2005 Scientific Program Committee Pediatric Cardiac Intensive Care Symposium 2005 (PCICS 2005), 
Miami, FL 

2006 Planning Committee, First International Conference on Childhood Pulmonary Vascular 
Disease, San Francisco, CA 2007 

2008 Critical Care Consultant, University of Mississippi Medical Center, Jackson, MS 

TEACHING AWARD(S) RECEIVED 
1996 Faculty Teaching Award, Dept. Cardiology, Children's Hospital, Harvard Medical School 
2010 Top rated faculty teacher for division of critical care medicine in trainee survey 

MAJOR CURRICULUM OFFERING, TEACHING CASES OR INNOVATIVE EDUCATIONAL PROGRAMS DEVELOPED 
1990-02 Developed a senior clinical fellowship training program for cardiac intensive care with short 

term training experience available through formal training program relationships with the 
MICU, Children's Hospital; PICU, Massachusetts General Hospital; Neonatology, Children's 
Hospital; Neonatology, University of Vermont. Long term (6-36 month) training program 
applicants accepted (2-3 per year) from candidates in advanced levels of fellowship training 
from national and international prograrrs. 
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1988-90 In collaboration with the Cardiovascular Nursing Director, developed, reviewed and 
edited algorithms for care, nursing practice and clinical practice guidelines and quality 
improvement manuals for the Cardiovascular Program, Children's Hospital, Bosbn. 

2004 In collaboration with Pediatric Cardiac Intensive Care Society and the Training Program 
Directors for Pediatric Cardiology, coauthored (with T. Kulik and others) the report to the 
Joint Committee on Training Programs (AHNACC) on training requirements in critical care 
for pediatric cardiology trainees. 

2008 As interim division chief of critical care medicine at Children's National Medical Center, I 
implemented and supervised a reorganization of the fellowship training program, its 
leadership and aspects of its curriculum 

8) CONSULTANT APPOINTMENTS 
VISITING PROFESSORSHIP: 

1986 Visiting Professor 
"Critical Care of the Child with Congenital Heart Disease" 
Department of Cardiology, Children's National Medical Center, Washington, D.C. 

1993 Visiting Professor, 
"Perioperative Care of the Neonate with Congenital Heart Disease" 
University of Southern California, Children's Hospital of Los Angeles 

1993 Visiting Professor 
"Nitric Oxide and ECMO Therapies for Persistent Pulmonary Hypetension of the Newborn" 
Schneider Children's Hospital, Albert Einstein College of Medicine, New York, NY 

1994 Visiting Professor 
"Perioperative Care of the Critically Ill Neonate with Congenital Heart Disease; Perioperative 
Management of Low Cardiac Outp.~t" 
Medical University of South Carolina, Charleston, SC 

1994 Visiting Professor 
"Inhaled Nitric Oxide in the Treatment of Children with Congenital Heart Disease" 
Dennison Young Memorial Symposium, Montefiore Medical Center, New York, NY 

1994 Visiting Professor 
"Care of the Critically Ill Neonate" 

Minneapolis Children's Hospital, Minneapolis, MN 

1994 Visiting Professor 
"Therapeutic Applications of Inhaled Nitric Oxide" 
Children's Memorial Hospital, Chicago, IL 

1994 Visiting Professor 
Grand Rounds: "Treatment of Pulmonary Hypertension" 
Montreal Children's Hospital, Montreal, Canada 

1995 Visiting Professor 
"Multidisciplinary Management of Complex Congenital Heart Disease" 
Anesthesia and Critical Care Grand Rounds, Hospital for Sick Children 
University of Toronto, Toronto, Canada 
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1995 Visiting Professor 
"Controversy in Critical Care: New Views of Simple Gases (Q, C02, H2 and NO)" 

Anesthesia Grand Rounds, Children's Hospital of Philadelphia, Philadelphia, PA 

1995 Visiting Professor 
"Nitric Oxide: Magic and Medicine" 
Medical College of Georgia, Augusta, GA 

1995 Visiting Professor 
"Controversy in Critical Care: New Views of Simple Gases" 
Children's Hospital of Pittsburgh, Dept of Surgery, University of Pittsburgh,Pittsburgh, PA 

1995 Visiting Professor 
"Perioperative Care of the Newborn with Congenital Heart Disease" 
Division of Pediatric Cardiology, Yale University School of Medicine, New Haven, CT 

1997 Visiting Professor 
"Perioperative Care in the Child wth Congenital Heart Disease" 
Pediatric Grand Rounds, Vanderbilt Children's Hospital, Nashville, TN 

2000 Visiting Professor 
"Newborns with Heart Disease: Extending the Limits of Intervention" 

Columbia-Presbyterian Medical Center, Babies Hospital, Nav York, NY 

2003 Visiting Professor 
"Treatment of Low Cardiac Output" 
Cardiovascular Rounds, Hospital for Sick Children, Great Ormand Street, 
London, United Kingdom 

2005 Visiting Professor 
Multiple lectures. University of Pittsburgh, Department d Critical Care Medicine, University of 
Pittsburgh Medical 
Center and the Children's Hospital of Pittsburgh 

2005 Visiting Professor 
" Progress and problems in the treatment of critical heart disease" 
Ellsworth Memorial Lecture, Pediatric Grand Rounds, Rainbow Babies & Children's Hospital, 
Cleveland, OH 

2006 Visiting Professor 
"Navigating a career in Medicine". Health Careers Club, College of William & Mary, 
Williamsburg, VA 

2009 Visiting Professor 
"The Challenges of Postoperative Care of the Child with CHD" 
Pediatric Grand Rounds, Vanderbilt Children's Hospital, Nashville, TN 

9) PRESENTATIONS 

NATIONAL 

1990 Seminar Moderator 
"Cardiovascular Disease" 
Fourth Pediatric Critical Care Colloquium, Waterville, NH 
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1991 Invited Lecture 
"Perioperative Management of Congenital Heart Disease" 
Annual Meeting, Society of Pediatric Anesthesia, San Francisco, CA 

1992 Workshop Faculty 
"Anesthesia for Congenital Heart Disease" 
Annual Meeting of the Society of Cardiovascular Anesthesiologists, Bosbn, MA 

1992 Invited Lectures 
"Perioperative Management & Decision making in the Neonate with Congenital Heart Disease" 
Critical Care Pediatrics Symposium, Arnold Palmer Hospital, Orlando, FL 

1992 Invited Lectures 
Multiple topics on Critical Care of Children with Heart Disease and 
"Treatment of Pulmonary Hypertension with Inhaled Nitric Oxide" 
First World Congress of Pediatric Critical Care, Baltimore, MD 

1992 Anesthesia Grand Rounds 
"Postoperative Care of the Child with Congenital Heart Disease" 
Maine Medical Center, Portland, ME 

1992 Invited Faculty 
"Postoperative Management of the Open Heart Surgery Patient" 
Society of Critical Care Medicine, Pediatric Critical Care Clinical Review Series, 
San Antonio, TX 

1993 NIH Invited Lecture 
"Nitric Oxide in Congenital Heart Disease" 
National Institutes of Health Workshop: The effects of Nitric Oxide on the Lung, Bethesda, MD 

1993 NIH Invited Lecture 
"Indications for NO in the Newborn with Heart Disease" 
National Institutes of Health Workshop on Nitric Oxide and the Perinatal Period, Bethesda, MD 

1993 Symposium 
"Nitric Oxide Gas in the Evaluation and Management of Pulmonary Hypertension" 

Annual Meeting of the American College of Cardiology, Anaheim, CA 

1993 Invited Lecture 
"New Strategies for Treating Pulmonary Hypertension" 
Annual Meeting, American Academy of Pediatrics, Washington, DC 

1993 Invited Lecture 
"Use of Inhaled Nitric Oxide for the Acute Treatment of Pulmonary Hypertension in Patients 

with Congenital Heart Disease" Annual Meeting, American Heart Association, Atlanta, GA 

1993 NIH Workshop Lecture 
"Nitric Oxide in the Perinatal Period" National Institutes of Health, Bethesda, MD 

1993 Invited Lecture 
"Inhaled Nitric Oxide for the Treatrrent of Persistent Pulmonary Hypertension of the Newborn" 
Fourth Annual New England ECMO Symposium, Children's Hospital, Boston, MA 
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1993 Symposium 
"Vasodilator Therapy and Inhaled Nitric Oxide in Children" Infant Hearts and Lungs 
Transplantation and Alternative Strategies. 
Children's Hospital of Los Angeles, Long Beach, CA 

1994 Symposium 
"Update on Nitric Oxide" 
Annual Meeting, Society of Critical Care Medicine, Orlando, FL 

1994 Symposium 
"Nitric Oxide Gas in the Evaluation and Management of Rllmonary Hypertension" 
Annual Meeting of the American College of Cardiology, Atlanta, GA 

1994 Invited Lecture 
"Nitric Oxide for Pulmonary Hypertension" 
Post Graduate Course on Congenital Heart Disease 
American Association of Thoracic Surgery, New York, NY 

1994 Plenary Session 
"Inhaled Nitric Oxide for the Treatment of Pulmonary Hypertension in Children" 
International Conference on Biochemistry and Molecular Biology of Nitric Oxide, University of 
California, Los Angeles, CA 

1994 Guest Faculty 
"Nitric Oxide in the Treatment of Pulmonary Hypertension in Congenital Heart Disease" 
Pediatric Cardiology-The Failing Heart Conference, Given Biomedical Institute, University of 
Colorado, Aspen, CO 

1994 Invited Lecture 
"Perioperative Use of Inhaled Nitric Oxide" 
Annual Meeting of the American Academy of Pediatrics, Dallas, TX 

1994 Invited Faculty 
"Serious Heart Disease of the Neonate: Management" 
American Academy of Pediatrics Neoprep Course, St. Louis, MO 

1994 Invited Faculty 
"Perioperative Care of the Critically Ill Child with Congenital Heart Disease" 
Society of Critical Care Medicine, Pediatric Critical Care Clinical Review Series, San 
Francisco, CA 

1995 Invited Lecture 
"Pulmonary Hypertension and Nitric Oxide" 
Annual Meeting, American College of Cardiology, New Orleans, LA 

1995 Invited Lecture 
"Current Therapeutic Applications of Inhaled Nitric Oxide" 
International Business Communications, Nitric Oxide Conference, Philadelphia, PA 

1995 Invited Lecture 
"Choreoathetosis After Cardiopulmonary Bypass" 
Annual Meeting, American Society of Extra-Corporeal Technology, Boston, MA 

1995 Invited Lecture 
"Nitric Oxide for Perioperative Management of Congenital Heart Disease" 

Annual Meeting of the American College of Surgeons, New Orleans, LA 
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1995 Invited Lecture 
Controversy in Critical Care: New Views of Simple Gases 
DiCerbo Foundation Lectureship in Pediatric Critical Care, North Shore University Hospital, 
NewYork, NY 

1995 Dinner Speaker 
"Diagnostic and Therapeutic Applications of Inhaled Nitric Oxide" 
Annual Dinner Meeting, New York Society of Pediatric Critical Care Medicine, New York, NY 

1995 Pediatric Grand Rounds 
"Controversy in Critical Care: New Views of Simple Gases" 
Cornell University Medical Center, New York, NY 

1995 FDA Invited Lecture 

"Inhaled Nitric Oxide for the Treatment of Persistent Pulmonary Hypertension of the Newborn" 
Open Meeting, Cardiovascular and Renal Drugs Advisory Committee, United States Food & 
Drug Administration, Bethesda, MD 

1995 FDA Invited Discussant 
"Use of Inhaled Nitric Oxide in Pediatrics" 
Division of Cardiorenal Drug Products, U.S. Food & Drug Administration Rockville, MD 

1996 Invited Lecture 
"Persistent Pulmonary Hypertension and Alveolar/Capillary Dyspasia" 
Pediatric Grand Rounds, Elliot Hospital, Manchester, NH 

1996 Invited Lecture 
"Clinical Use of Inhaled Nitric Oxide" 
International Business Communications Nitric Oxide Conference, Philadelphia, PA 

1996 Seminar Speaker 
"Postoperative Management of Pulmonary Hypertension in Pediatric Patients with Congenital 

or Acquired Heart Disease" Annual Meeting, American College of Cardiology, Orlando, FL 

1996 Invited Lecture 
"Inhaled Nitric Oxide-Clinical Experience" 
First International Meeting on Pediatric Cardiac Intensive Care, Miami, FL 

1996 Invited Lecture 
"Pre and Postoperative Manipulation of the Vascular Resistance" 
Annual Meeting, American Heart Association, New Orleans, LA 

1996 Invited Lecture 
"Current Concepts in Neonatology" 
Section on Perinatology, American Academy of Pediatrics and the Joint Program in 
Neonatology, Harvard Medical School, Boston, MA 

1997 Seminar 
"Medical Management of Perioperative Pulmonary Hypertension" 
Annual Meeting, Society of Critical Care Medicire, San Diego, CA 

1997 Invited Lecture 
"Nitric Oxide and the Treatment of Postoperative Pulmonary Hypertension" 
Second World Congress of Pediatric Cardiology and Cardiac Surgery, Honolulu, Hawaii 
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1997 Invited Lecture 
"Inhaled Nitric Oxide for the Treatment of Persistent Pulmonary Hypertension of the Newborn" 
Open Meeting, Division of Cardiorenal Drugs, United States Food & Drug Administration, 
Bethesda, MD 

1997 Invited Lecture 
"Perioperative Care of the Child with Congenital Heart Disease: New Treatment 
Strategies for Pulmonary Hypertension" 
Cardiothoracic Anesthesia Meeting, Washington University, St. Louis, MO 

1997 Plenary Session 
"Advances and Controversies in Cardiac Management" 

Tenth Annual Pediatric Critical Care Colloquium, Hot Springs, AR 

1997 Invited Faculty 
"Critical Care of the Child with Congenital Heart Disease" (moderator lecturer, judge) 
Second International Symposium on Pediatric Cardiac Intensive Care, Palm Beach, FL 

1997 Invited Speaker 
"Nitric Oxide in Neonatal Care" 
Topics in Neonatal and Respiratory Care, Brigham & Women's Hospital, Boston, MA 

1998 Invited Lectures 
"Cardiac Surgery in Neonates: Morbidity and Mortality" 
Charleston Symposium on Congenital Heart Disease, Medical University of SouthCarolina, 
Charleston, SC 

1998 Symposium 
"Advances in ICU Management for Congenital Heart Disease" 
Annual Meeting, American College of Cardiology, Atlanta, GA 

1998 Invited Lecture 
"Intensive Care After Neonatal Cardiac Surgery: Stateof-the-Art" 
First Annual Course on Frontiers in Diagnosis and Management of Congenital Heart Disease, 
Boston, MA 

1999 Invited Faculty 
"Myocardial Support for Low Cardiac Output" 
Society of Critical Care Medicine 
Current Concepts in Pediatric Critical Care Crurse, San Francisco, CA 

1999 Invited Lecture 
"Nitric Oxide and the Treatment of Pulmonary Hypertension" 
Oral Presentation Moderator, Walk Rounds with the Professor 
281

h Scientific Symposium, Society of Critical Care Medicine, San Francisco, CA 

1999 Symposium 
"The Airway, Mechanical Ventilation and Cardiopulmonary Interaction" 

Annual Meeting, American Heart Association, Atlanta, GA 

1999 Invited Speaker 
"Nitric Oxide and New Therapies" 
Third International Symposium on Pediatric Cardiac lrtensive Care, Miami, FL 
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2000 Invited Faculty 
"Nitric Oxide in the Perioperative Management of CHD" 
Cardiology Y2K, Annual Update on Pediatric Cardiovascular Disease, Orlando, FL 

2000 Symposium 
"Intensive Care Unit Management After Surgery for Sngle Ventricle HLHS Syndrome" 
Annual Meeting, American College of Cardiology, Anaheim, CA 

2000 Invited Lecture 
"Perioperative Care of the Premature Newborn with Congenital Heart Disease" 
Castaneda Society Meeting, Boston, MA 

2000 Invited Faculty 
"Perioperative Care of the Premature Newborn with Congenital Heart Disease" 

Tenth Charleston Symposium on Congenital Heart Disease, Charleston, SC 

2001 Invited Faculty 
"Clinical Research" 
The Changing Face of Pediatric Cardiology 1950-2000: A Tribute to Alexander S. Nadas, M.D. 
The Cardiovascular Program at Children's Hospital, Boston, MA 

2001 Invited Faculty 
"Cardiopulmonary Support in the Pediatric Cardiac Intensive Care Unit" 
Third Course on Frontiers in Diagnosis and Management of Corgenital Heart Disease, 
Newport, Rl 

2001 Invited Faculty 
Diverse Topics 

Fourth International Symposium on Pediatric Cardiac Intensive Care, Palm Beach, FL 

2002 Invited Speaker 
"Sildenafil for Treatment of Pulmonary Hypertension" 
ECMO Meeting, Children's National Medical Center, Keystone, Colorado 

2002 Invited Speaker 
"Novel Pediatric Applications of Commonly Used Adult Drugs" 
Back to our Future: Establishing Safety and Evidence in Pediatric Research 
Duke University, FDA & Industry, WaS'lington, DC 

2002 Invited Lecturer 
"The Future of Inhaled Nitric Oxide for Children with Congenital Heart Disease" 
CME Course in Hematology, Northwestern University Medical School 
Chicago, Illinois 

2002 Invited Faculty 
"Manipulating Vascular Resistance in the Newborn: Is it Feasible?" 

3rd International Pediatric Cardiovascular Symposium, Atlanta, Georgia 

2002 Invited Speaker 
"Viagra for Pulmonary Hypertension" 

Hot Topics in Neonatology, Washington, DC 
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2003 Plenary Speaker 
"Changes in Worldwide Activity and Mortality in Cardiac Intensive Care" 
Debate: "Cardiac Patients Need Their Own ICU" 
Symposium Chairman: "New Strategies in Treatment of Pulmonary Hypertension" 

4th World Congress of Pediatric Intensive Care. Boston, Massachuretts 

2004 Invited Faculty 
"Pharmacologic Management of Low Cardiac Output Syndrome After Congenital Heart 
Surgery" Current Concepts in Pediatric Critical Care Medicine Course 
Society for Critical Care Medicine, Orlando, Florida 

2004 Invited Faculty 
"Structure of a Training Program in Pediatric Cardiac Intensive Care" 
33rd Annual Meeting of the Society for Critical Care Medicine, Orlando, Florida 

2004 Invited Faculty 
"Reconciling FDA, Academic, and Industry Objectives in Pediatric ClinicaiTrials" 

Cardiology 2004, Orlando, Florida (Children's Hospital of Philadelphia) 

2004 Invited Speaker 
"Cardiac and Central Nervous System Interactions 
15th Annual Pediatric Critical Care Colloquium, New York City, New York 

2004 Invited Faculty 
"Advances in the Management of Pulmonary Hypertension" 
"Physician Perspective on Electronic Billing: 
Congenital Cardiovascular Surgery Symposium, San Diego, California 

2004 Invited Participant in "How To" Session 
"How to Evaluate and Manage Pediatric Patients with Pulmonary Hypertension" 
American Heart Association, Scientific Sessions 2004, New Orleans, LA 

2004 Invited Faculty, Special Session 
"Twenty Year Retrospective: The Early Years and Later" 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2004 Invited Faculty 
"Nitric Oxide and the Intensive Care Setting" 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2004 Invited Faculty 
"How to Design and Conduct Drug Trials" 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2005 Invited Faculty 
"Therapies to Enhance the Effect of Inhaled Nitric Oxide" 
Symposium on New Directions in Nitric Oxide Therapy, Baylor College of Medicine, Texas 
Children's Hospital, Houston, Texas 

2005 Invited Speaker 
"Pulmonary Hypertension: Approaches to Management', 21st Annual Fetus and Newborn 
Conference, Boston, MA 
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2005 Invited Moderator 
"Low Birth Weight Neonates with Congenital Heart Disease", Pediatric Cardiac Intensive Care 
Symposium 2005 (PCICS 2005), Miami, FL 

2005 Invited Faculty 
Consensus Report on Treatment of Myocarditis. Pediatric Cardiac Intensive Care 
Symposium 2005 (PCICS 2005), Miami, FL 

2006 Invited Faculty 
"Challenges in Industry Sponsored Trials" and "Management of PVR in the Neonate" 
Ninth Annual Update on Pediatric Cardiovascular Disease (Children's 1-bspital of 
Philadelphia), Scottsdale, AZ 

2006 Invited Speaker 
Eddie Farrell Memorial Lecture, Massachusetts Society of Respiratory Care, Sturbridge, MA 

2006 Invited Faculty 
Second International Conference on Heart Failure in Children and Young Adults Children's 
Hospital Orange County, Laguna Niguel, CA 

2007 Invited Speaker 
"Pulmonary Vascular Alterations in CHD" & "Drug Treatment for Pulmonary Hypertension". 
First International Conference on Childhood Pulmonary Vascular Disease, San Francisco, CA. 

2008 Invited Speaker 
"Cardiac Critical Care: What's New and What Matters "STS Congenital Surgical Symposium, 
Ft. Lauderdale, Fl. 

2008 Invited Speaker 
Session Chair "Anticipating the Growing ACHD Population" 
Update on Pediatric Cardiovascular Disease- New and Evolving Concepts and Practices, 
Speaker: "Considerations for Caring for Adult Patients in a Pediatric ICU" & "Current Status of 
Inpatient Therapy" 
Scottsdale, AZ 

2008 Invited Speaker 
Forum Moderator: "Inhaled Nitric Oxide in the OR" 
ASA 2008 Annual Meeting, Orlando, FL 

2008 Invited Speaker 
"Postoperative Management and Outcome of the Term vs. Premature Newborn with 
Congenital Heart Disease" 
Management of Congenital Heart Disease in the Fetus & Neonate Symposium, Washington, 
DC 

2008 Invited Speaker 
"Pulmonary Hypertension" 
NPCNA Annual Fall Conference, Innovation and Inquiry in Pediatric Cardiology Nursing 
Washington, DC 

2008 Invited Speaker 
"Critical Treatment Strategies for Acute Pulmonary Hypertension in Infants and Children 
cGMP-related Drugs» 
PCICS Annual Symposium 2008, Miami, FL 
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2009 Invited Speaker 
Session Moderator. "Cardiac Surgery" 
38th Annual Critical Care Congress of the Society of Critical Care Medicine, Nashville, TN 

2009 Invited Speaker 
Session Moderator. "Cardiac ECMO: State-of-the-Art" 
The 25th Annual CNMC Symposium: ECMO & The Advanced Therapies for Respiratory Failure 
Keystone, CO 

2009 Invited Speaker 
Session Moderator. "Pulmonary Vascular Alterations in Congenital Heart Disease" 
The 2nd International Neonatal and Childhood Pulmonary Vascular Disease Conference 
San Francisco, CA 

2009 Invited Speaker 
"Advances in Cardiac Intensive Care" 
9th Annual Cardiac Research Symposium- A. I. DuPont Hospital for Children, Nemours 
Symposia, Wilmington, DE 

2010 Invited Speaker 
"Cardiac Intensive Care: Celebrating Successes, Meeting Challenges" 
3rd Annual John J. Downes Lecture in Pediatric Anesthesia and Critical Care Medicine 
Orlando, FL 

2010 Invited Speaker 
"A Randomized Trial of Clopidogrel to Reduce Mortality and Shunt-Related Morbidity in Infants 
Palliated with a Systemic to Pulmonary Artery Shunt 
Outstanding Research Awards (Council on Cardiovascular Disease in the Young) 
AHA Scientific Sessions, Chicago, IL 

2011 Invited Speaker 
"Workin~ with the FDA & Industry in Designing Pediatric Trials" 
The 2i Annual CNMC Symposium: ECMO & The Advanced Therapies for Respiratory Failure 
Keystone, CO 

2011 Invited Speaker 
"Resuscitation of the Patient with Pulmonary Hypertension" 
4th International Neonatal and Childhood Pulmonary Vascular Disease 
San Francisco, CA 

INTERNATIONAL 

1986 Invited Lecture 
"Recent Advances in the Intensive Treatment of Neonates with Congenital Heart Disease," 
A Week with the Experts, Ospedale Pediatrico Bambino Gesu, Rome, Italy 

1988 Invited Lecture 
"Perioperative Care of the Patient with HLHS" 
European Congress on Hypoplastic Left Heart Syndrome, Ospedale Pediatrico Bambino 
Gesu, Rome, Italy 
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1990 Invited Lecture 
"Perioperative Care of the Neonate with Conge1ital Heart Disease" 
Pediatric Critical Care Conference, Hospital for Sick Children, University of Toronto, Toronto 
Canada 

1991 Invited Lecture 
"Perioperative Intensive Care of the Child with Congenital Heart Disease" 
First International Pediatric Intensive Care Congress, Buenos Aires, Argentina 

1993 Invited Faculty 
"Regulation of the Pulmonary Circulation: Therapeutic Implications" 
First European Postgraduate Course in Neonatal and Pediatric Intensive Care, Berne, 
Switzerland 

1993 Invited Faculty 
"Pulmonary Hypertension: Pathophysiologic and Therapeutic Implications in Post Surgical 
Patients" Third International Meeting on Pediatric Intensive Care, University of Padova, Italy 

1993 Invited Lecture 
"Nitric Oxide to Test Pumonary Vascular Reactivity to Control Hypertensive Crises and as a 
Potential Chronic Therapy" Canadian Cardiovascular Society, Vancouver, Canada 

1993 Invited Lecture 
"Nitric Oxide Inhalation after Correction of Congenital Heart Defects" 
International Conference on ARDS, Tutzing, Germany 

1994 Plenary Presentation 
"Perioperative Care of the Neonate" 
Cardiac Surgery Today: State of the Art, Onassis Medical Center, Athens, Greece 

1995 Invited Faculty 
"Nitric Oxide in the Treatment of Congenita Heart Disease" 
Annual Meeting of the Austrian Society for Lung Diseases, Gmunden, Austria 

1995 Plenary Speaker 
"Inhaled Nitric Oxide for Perioperative Management of Congenital Heart Disease" 
The VII Brazilian Congress of Intensive Care Medicin~ Recife, Brazil 

1996 Invited Lecture 
"Nitric Oxide in Pulmonary Hypertension after Surgery for Congenital Heart Defects" 
Annual Meeting, European Society of Cardiology, Birmingham, United Kingdom 

1997 Symposium 
"The Failing Heart-Pediatric Aspects" 
The 7th World Congress of Intensive & Critical Care Medicine, Ottawa, Canada 

1997 Plenary Session 
"Inhaled Nitric Oxide" 
XXX Brazilian Pediatrics Congress and International Pediatric Symposium, Rio de Janeiro, 
Brazil 

1998 Invited Faculty 
Multiple lectures and workshops 
Pediatric Cardiac Intensive Care at the European Heart House 
European Society of Cardiology, Nice, France 
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1998 Invited Faculty 
Lectures on Congenital Heart Disease 
Argentine Congress of Cardiology, B..Jenos Aires, Argentina 

1999 Invited Lecture 
"Critical Aortic Stenosis in the Neonate" 
Second Postgraduate Course on Congenital and Acquired Heart Disease, Modena, Italy 

1999 Invited Lecture 
"Pathophysiology and Treatment of Pulmonary Hypertensim 
Lund University Hospital, Lund, Sweden 

1999 Invited Lecture 
"Pulmonary Hypertension and Mechanical Support in Children with Heart Disease" 
Lindgren Children's Hospital at the Karolinska Institute, Stockholm, Sweden 

1999 Plenary Speaker 
"Frontiers in Pediatric Intensive Care" 
Annual Meeting, Society of Anesthesia and Critical Care, Gothenburg, Sweden 

1999 Invited Faculty 
"ICU Management of Two Stage Arterial switch" 
"The Role of Nitric Oxide in the Cardiac Patient" 
The First Hispano Latin American Course, Diagnosis and Management of Congenital Heart 
Disease, San Juan, Puerto Rico 

1999 Invited Lecture 
"Current Concepts in Post-operative Management" 
"ECMO in the New Millennium" 
Symposium on Pediatric Cardiology, Cordoba, Argentna 

1999 Invited Speaker 
"Inhaled Nitric Oxide" 
"Perioperative Care of the Newborn" 
The First Sino-American Symposium: New Developments in the Care of Children with 
Congenital Heart Disease, Shanghai Children's Medical Center, Shanghai, China 

2000 Invited Faculty and Track Convener 
"Issues in Perioperative Care" and multiple lectures 
The Third International Symposium on Pediatric Cardiac Intensive Care, Montreal, Canada 

2000 Invited Lecture 
"Endothelial Cell Function During Cardiopulmona-y Bypass" 
51

h World Congress on Trauma, Shock, Inflammation and Sepsis, Munich, Germany 

2000 Invited Lecture 
"Inhaled Nitric Oxide Therapy in Children after Cardiac Surgery" 
American Thoracic Society, 96h International Conference, Toronto, Canada 

2000 Invited Lecture 
"Pulmonary Hypertension and its Impact on Hemodynamics" 
Special Topics in Pediatric Cardiac Intensive Care Symposium, Royal Brompton & Harefield 
NHS Trust, London, United Kingdom 
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"Critical Care and Congenital Heart Disease"- diverse topics 
Pediatric FCCS Course, Taipei, Taiwan 

2000 Invited Lecture 
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"Advances in Perioperative Care of the Child with Congenital Heart Disease" 
Tenth Anniversary Lecture, Kaohsiung Veterans General Hospital, Taiwan 

2000 Invited Lecture 
"Postoperative Care of the Child with AV Septal Defect" 
European Cardiovascular Surgery's Postgraduate Course, Frankfurt, Germany 

2000 Seminar 
"Postoperative Care of Patients with Hypoplastic Left Heart Syndrome" 
European Association of Cardio-Thoracic Surgery, Annual Meeting, Frankfurt, Germany 

2000 Plenary Lecture 
"Diagnosis and Treatment of Pulmonary Hypertension" 
XIX Pan American Congress of Pediatrics, Montevideo, Uruguay 

2000 Invited Lecture 
"Postoperative Management of the Child with D-Transposition of the Great Arteries" 
"Diagnosis and Management of Pulmonary Arterial Hypertension" 
I Pediatric Cardiology Symposium, Dr. Aldo Castaneda, Guatemala City, Guatemala 

2001 Invited Faculty 
"Pulmonary Hypertension and Nitric Oxide" 
"Assessing and Managing Premature Newborns for Surgical and Catheter Intervention" 
Harvard Winter Course in Congenital Heart Management, Dubai, United Arab Emirates 

2001 Invited Lecture 
"Brain Protection During CPB" 
V European Postgraduate Course in Neonatal and Pediatric Intensive Care, Bern, Switzerland 

2001 Invited Lecture 
"Strategic Management of the Patient after Surgery" 
Third World Congress of Pediatric Cardiology and Cardiac Surgery, Toronto, Canada 

2001 Invited Faculty 
Special Topics in Paediatric Cardiac Intensive Care- 2001, The Challenging Neonate, 
The Royal Brompton Hospital & The National Heart & Lung Institute, London, England 

2002 Moderator 
European Consensus Meeting on Inhaled Nitric Oxide 
European Society of Pediatric and Neonatal Intensive Care, Rome, Italy 

2002 Invited Faculty 
"Assessment of Myocardial Function in the ICU" 
"Postoperative Management After Staged Repair of HLHS" 
"ECMO Management of the Single Ventricle Circulation" 
New Era in Congenital Heart Management 
Universidad Complutense Madrid and Real Colegio Complutense en Harvard, The Heart 
Institute Hospital, Universitario "12 de Octubre", Madrid, Spain 
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2002 Guest Lecturer 
"Failing Hearts: The Paediatric Problem and Current Treatments" 
"Inhaled Nitric Oxide and Pulmonary Vasodilators for the Failing Right Heart" 
"Routine ECMO for Resuscitation" 
The Third Special Topics in Paediatric Cardiac Intensive Care, The Failing Myocardium 
Royal Brompton Hospital, Imperial College, London, United Kingdom 

2003 Invited Faculty 
"Support for the Failing Ventricle" 
"Management of Pulmonary Hypertension: From the OR to the Home" 
Debate: "Early Extubation is the Best Defense Against Postoperative Complications" 
First Asia Pacific Symposium on Pediatric Cardiac Intensive Care, Phuket, Thailand 

2003 Guest Lecturer 
"Pharmacologic Management of Pulmonary Hypertension" and Other Topics 
IX Curso de Actualizaci6n en Cardiologia Pediatrica, Madrid, Spain 

2003 Guest Lecturer 
"Recent Advances in the Use of Inhaled Nitric Oxide in Patients with Congenital Heart 
Disease". Inhaled Nitric Oxygen Symposium for Neonatologists. Madrid, Spain 

2003 Invited Participant 
Third World Symposium on Pulmonary Arterial Hypetension (WHO). Venice, Italy 

2003 Special Guest Lecturer 
"Indications for Inhaled Nitric Oxide in the Neonatal and Postoperative Care of Critically Ill 
Children" 
Annual Meeting of the German Society of Pediatric Cardiology. Weimar, Germany 

2003 Invited Speaker 
"Predicting and Treating Low Cardiac Output in the Postoperative Patient" 
Annual Meeting of the European Association of Cardiothoracic Surgeons. Vienna, Austria 

2003 Invited Faculty 
"The Paperless ICU" 
"Pulmonary and Systemic Vasodiators" 
"Genetic Basis for Heterotaxy" 
Harvard Medical International, Children's Hospital Boston Course in Congenital Heart Disease 
Abu Dhabi, United Arab Emirates 

2003 Invited Speaker 
"Extracorporeal Membrane Oxygenation for Cardiopulmonary Resu;citation in Children" 
Hammersmith Hospital Workshop on Perfusion. London, United Kingdom 

2004 Keynote Speaker 
"Pulmonary Hypertension Therapy-Now and in the Future" 
Pulmonary Hypertension in Early Life, St. Guys and St. Thomas' Hospital 
London, United Kingdom 

2004 Keynote Address 
"Pulmonary Hypertension: State of the Art" 
Opening Ceremony, Annual Meeting of the European Society of Pediatric and Neonatal 
Intensive Care, London, United Kingdom 
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2005 Plenary Speaker 
"Recent Advances in Heart Failure and Pulmonary Hypertension': The Fourth World Congress 
of Pediatric Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

2005 Invited Speaker 
Controversy Session: "Inhaled lloprost is the Best Pulmonary Vasodilator?", The Fourth World 
Congress of Pediatric Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

2005 Invited Speaker 
Chair, Oral Presentations: "Cardiac Intensive Care", The Fourth World Congress of Pediatric 
Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

2006 Invited Faculty 
"Outcomes of Heart Failure in the ICU: Mechanisms of Postoperative Dysfunction." Congress 
of Ventricular Dysfunction in Childhood, OPBG Cardiovascular International. Rome, Italy 

2007 Invited Speaker 
Multiple Oral Presentations and Panel Chair 
Fifth World Congress on Pediatric Critical Care, Geneva, Switzerland 

2007 Invited Speaker 
"Cuidado perioperatorio del recien nacido con enfermedad cardiaca conge nita", VI Annual 
Colombian Critical Care Congress, Medellin, Colombia 

2007 Invited Speaker 
"Postoperative Treatment of Pulmonary Hypertension,"& "Postoperative Care of Hypoplastic 
Left Heart: Comparing Norwood with BT Shunt vs. Sano from Birth through the Fontan." 
International Cardiology Meeting, Avignon, France 

2008 Invited Faculty 
Plenary Lecture: "Pediatric Cardiac Intensive Care: Past, Present and Future"; "Dedicated 
Training Pathways in Pediatric Cardiac Intensive Care" & "How to plan a Research Study in 
ICU" 
PCICS Europe Symposium, Monte Carlo, Monaco 

2009 Invited Speaker 
"Acute Heart Failure Pathophysiology", Treatment of Postoperative Acute Cardiac Failure", 
"Mechanical Support of Acute Cardiac Failure" 
International Pediatric Cardiology Conference 
Cartagena, Colombia 

2010 Invited Faculty 
Session Moderator: Pulmonary Hypertension, Right Ventricular Function and Congenital Heart 
Disease 
3rd International Conference Neonatal and Childhood Pulmonary Vascular Disease 
Banff, Alberta, Canada 

2010 Invited Speaker 
"Intraoperative Care and Perioperative Management for Transpostion" 
The World Society for Pediatric and Congenital Heart Surgery 
Antigua, Guatemala 
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10) GRANTS AWARDED 

FUNDING INFORMATION 

1987-89 The effects of ventilation on pulmonary vascular resistance in infants following cardiopulmonary bypass. 
Principal Investigator, American Society of Anesthesiologists Research Starter Grant. 

1988-91 Infant heart surgery: CNS sequelae of circulatory arrest. Co-Investigator, National Institutes of Health. 
Grant No. HL41786. 

1993-96 Ischemic neonatal brain injury: clinical and basic science. Co-investigator, National Institutes of Health. 
Grant No. P20 NS32570 

1994-96 Inhaled nitric oxide for the treatment of pulmonary hypertension and acute respiratory failure in children. 
Principal Investigator, Clinical Research Grant-in-Aid Award, Children's Hospital, Boston, 
Massachusetts. Grant No. CH 89430. 

1994-99Pathogenesis of brain injury in infant heart surgery. Clinical advisor I mentor to Dr. Adre J. DuPlessis, 
National Institutes of Health. Grant No. K08 NS01721 

1996-99 Dose response of inhaled nitric oxide in congenital heart disease. Principal Investigator, U.S. Food and 
Drug Administration. Grant No. FD R-001316. 

1997-99 Neurodevelopmental follow up of patients with PPHN in a randomized trial of nitric oxide.Principal 
Investigator, Industry Sponsored. 

1997-00 Echocardiographic assessment of right ventricular function in patients with pulmonary hypertension. 
Sponsor for Dr. Ricardo Munoz (MCAP), National Institutes of Health Grant No. M01 RR02172. 

2000-01 Prophylactic use of Primacor® in pediatric patients at high risk of developing low cardiac output 
syndrome following cardiac surgery. Principal Investigator, Industry Sponsored. 

2004-06 Principal Investigator (Boston) on three industry sponsored trials of sildenafil for treatment of pediatric 
pulmonary hypertension (see below). 

2004-08 A Randomized, Double-Blind, Placebo Controlled, Dose Ranging, Parallel Group Study of Oral 
Sildenafil in the Treatment of Children, Aged 1-16 Years, With Pulmonary Hypertension. Principal 
Investigator, Industry Sponsored 

2004-08 Multicenter, Long-Term Extension Study to Assess Safety of Oral Sildenafil in the Treatment of 
Subjects Who Have Completed Study A 1481131. Principal Investigator, Industry Sponsored 

2004-06 7 -Day, Open-Label, Multicenter, Pharmacokinetic Study (Part 1) of IV Sildenafil in the Treatment of 
Neonates With Persistent Pulmonary Hypertension of the Newborn (PPHN) or Hypoxic Respiratory 
Failure and at Risk for PPHN. Principal Investigator, Industry Sponsored 

2006-08 Pilot Study of the Effects of Nesiritide on Hemodynamics and Urine Output Following Cardiopulmonary 
Bypass in Children. Co-investigator and mentor (John M. Costello);American Heart Association. 

2006-10 Multinational Trial on the Efficacy and Safety of Clopidogrel in Infants with Cyanotic Congenital Heart 
Disease Palliated with a Systemic to Pulmonary Shunt (CLARINET). (Chair, Steering Committee, 
Institutional Co-investigator). Industry Sponsored (Sanofi-Aventis). 
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Collaborative Pediatric Critical Care Research Network (CPCCRN). NIH-NICHD 
U10410HD049981. Principal Investigator; 20% effort. Base award over 5 years $925,000 direct 
costs plus annual awards for protocol funds (e.g. 2010 = $JJO,OOO) 
• Critical Pertussis in US Children. Protocol #001 
• The Critical Illness Stress-induced Immune Suppression Prevention Trial (CRISIS). Protocol 

#003 
• Development of a Quantitative Functional Status Scale (FSS) for Pediatric Patients. 

Protocol #004 
• Therapeutic Hypothermia after Pediatric Cardiac ArrestTrials (THAPCA). Protocol #01 0 
• Cortisol Quantification Investigation. Protocol #012 
• Measuring Opioid Tolerance Induces by Fentanyl (or Other Opioids). Protocol #026 
• Physician's Perspectives on the Physician-Parent Follow-Up Conference. 
• Pediatric Intensive Care Unit Bereaverrent Study 
• CPCCRN Asthma Study 

REPORT OF CURRENT RESEARCH ACTIVITIES 
1. My primary current research activity involves designing and executing national and international pediatric 
clinical trials. 

2. Safety and efficacy of type V phosphodiesterase inhibitors in children as selective pulmonary vasodilators 
and to augment vasodilatory potential of nitric oxide and attenuate rebound pulmonary hypertension. I was the 
overall primary scientific advisor in the development and execution of international multicenter randomized trials 
on type V inhibitors in pediatrics, Industry sponsored. Final publications in press. 

3. Outcome studies evaluating ventilator management, inotropic agents, mechanical support of the circulation 
and new strategies in the critical care managementand perioperative care of 

a) premature newborns with congenital heart disease 
b) newborns after reparative surgery involving the right ventricle 
c) extracorporeal membrane oxygenation resuscitation of children with congenital heart disease. 

4. Multinational Trial on the Efficacy and Safety of Clopidogrel in Infants with Cyanotic Congenital Heart 
Disease Palliated with a Systemic to Pulmonary Shunt(CLARINET). (Chair, Steering Committee, 
Institutional Co-investigator). Industry Sponsored. 

5. I am the Principal Investigator (CNMC) and steering committee member for the NIH funded clinical 
research network with multiple active protocols listed above. 

11) PUBLICATIONS 

PAPERS IN REFEREED JOURNALS 

1. Hickey PR, Hansen DO, Wessel DL, Lang P, Jonas RA. Pulmonary and systemic hemodynamic responses to 
fentanyl in infants. Anesth Analg 1985;64:483-6. 

2. Hickey PR, Hansen DO, Wessel DL, Lang P, Jonas RA. Blunting of stress responses in the pulmonary 
circulation by fentanyl. Anesth Analg 1985;64: 1137-42. 

3. Wessel DL, Keane JF, Fellows KE, Robichaud H, Lock JE. Fibrinolytic therapy for femoral arterial thrombosis 
after cardiac catheterization in infants and children. Am J Cardiel 1986;58:34751. 

4. Wessel DL, Lock JE. Transcatheter umbrella closure of congenital cardiac defects: technical considerations. 
Adv Bioeng (ASME). 1987;12:143-144. 

5. Wessel DL, Keane JF, Parness I, Lock JE. Outpatient closure of the patent ductus arteriosus. Circulation 
1988;77: 1068-1071. 
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6. Castaneda AR, Mayer JE, Jonas RA, Lock JE, Wessel DL, Hickey PR. The neonate with critical congenital 
heart disease: repair- a surgical challenge. J Thorac Cardiovasc Surg 1989;98:869-75. 

7. DiDonato RM, Wernovsky G, Walsh EP, Colan SD, Lang P, Wessel DL, Jonas RA, Mayer JE Jr, Castaneda 
AR. Results of the arterial switch operation for transposition of the great arteries with ventricular septal defect: 
Surgical considerations and midterm follow-up data. Circulation 1989;80:1689-1705. 

8. Wernovsky G, Jonas RA, Colan SD, Sanders SP, Wessel DL, Castaneda AR, Mayer JE: Results of the 
arterial switch operation in patients with transposition of the great arteries and abnormalities of the mitral valve 
or left ventricular outflow tract. JAm Coli Cardiol1990;16:1446-1454. 

9. Bellinger DC, Wernovsky G, Rappaport LA, Mayer JE Jr, Castaneda AR, Farrell DM, Wessel DL, Lang P, 
Hickey PR, Jonas RA, Newburger JW. Cognitive development of children following early repair of 
transposition of the great arteries using deep hypothermic circulatory arrest. Pediatrics 1991 ;87:701707. 

10. Chang AC, Wernovsky G, Kulik T J, Jonas RA, Wessel DL. Management of the neonate with transposition of 
the great arteries and persistent pulmonary hypertension. Am J Cardiol 1991 ;68: 12531256. 

11. Chang AC, Hanley FL, Weindling SN, Wernovsky G, Wessel DL. Left heart support with a ventricular assist 
device in an infant with acute myocarditis. Grit Care Med 1992;20:712715. 

12. Hickey PR, Wessel DL, Streitz SL, Fox ML, Kern FH, Bridges, ND, Hansen, DD. Transcatheter closure of 
atrial septal defects: Hemodynamic complications and anesthetic management. Anesth Analg 1992;7 4:44-
50. 

13. Wernovsky G, Giglia TM, Jonas RA, Mone SM, Colan SD, Wessel DL. Course in the intensive care unit after 
'preparatory' pulmonary artery banding and aortopulmonary shunt placement for transposition of the great 
arteries with low left ventricular pressure. Circulation 1992;86[supplll]ll133139. 

14. Wong PC, Barlow CF, Hickey PR, Jonas RA, Castaneda AR, Farrell DM, Lock JE, Wessel DL. Factors 
associated with choreoathetosis after cardiopulmonary bypass in children with congenital heart disease. 
Circulation 1992;86[supplll]:ll118-11126. 

15. Chang AC, Wernovsky G, Wessel DL, Freed MD, Parness lA, Perry SB, O'Brien P, Van Praagh R, Hanley FL, 
Jonas RA, Castaneda AR, Mayer JE. Surgical management for late right ventricular failure after Mustard or 
Senning repair. Circulation 1992;86[supplll]:l~140-ll-149. 

16. Chang AC, Kulik T J, Hickey P, Wessel DL. Real-time gas exchange measurement of oxygen consumption 
in neonates and infants after cardiac surgery. Grit Care Med 1993;21 :1287-1295. 

17. lrazuzta J, Pearlman N, Pascucci R, Wessel DL. Effects of fentanyl administration on respiratory system 
compliance in infants. Grit Care Med 1993;21: 1001-1004. 

18. Chang AC, Hanley FL, Wernovsky G, Rosenfeld H., Wessel DL, Jonas RA, Mayer JE, Castaneda AR. Early 
bidirectional cavopulmonary shunt in young infants: postoperative course and early results. Circulation 1993; 
86[supplll]:ll-149-11158. 

19. Hanley FL, Heinemann MK, Jonas RA, Mayer JE, Cook NR, Wessel DL, Castaneda AR. Repair of truncus 
arteriosus in the neonate. J Thorac Cardiovasc Surg 1993; 105:1 04 7-1056. 

20. Wessel DL. Hemodynamic responses to perioperative pain and stress in infants. Grit Care Med 1993; 
21 [suppi]:S361-S362. 
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21. Newburger JW, Jonas RA, Wernovsky G, Wypij D, Hickey PR, Kuban KCK, Farrell DM, Holmes GL, Helmers 
SL, Constantinou J, Carrazana E, Barlow JK, Walsh AZ, Lucius KC, Share JC, Wessel DL, Hanley FL, Mayer, 
JE, Castaneda AR, Ware JH. A comparison of the peri operative neurologic effects of hypothermic circulatory 
arrest versus low-flow cardiopulmonary bypass in infant heart surgery. N Eng I J Med 1993;329: 1057-1064. 

22. Wessel DL. Inhaled nitric oxide for the treatment of pulmonary hypertension before and after cardiopulmonary 
bypass. Crit Care Med 1993;21 [suppi]:S344-S345. 

23. Adatia I, Thompson J, Landzberg M, Wessel DL. Inhaled nitric oxide in chronic obstructive lung disease. 
Lancet 1993;341 :307-308. (Letter) 

24. Wessel DL, Adatia I, Giglia TM, Thompson JE, Kulik T J. Use of inhaled nitric oxide and acetylcholine in the 
evaluation of pulmonary hypertension and endothelial function after cardiopulmonary bypass. Circulation 
1993;88:2128-2138. 

25. Wessel DL, Adatia I, Thompson JE, Hickey PR. Delivery and monitoring of inhaled nitric oxide in patients 
with pulmonary hypertension. Crit Care Med 1994;22:930938. 

26. DruckerN, Colan S, LewisAB, Beiser A, Wessel DL, Takahashi M, Rosen FS, Baker A, Perez A, Newburger 
JW. Gamma globulin treatment of acute myocarditis in the pediatric population. Circulation 1994;89:252-257. 

27. Jonas RA, Hansen DD, Cook N, Wessel DL. Anatomic subtype and survival after reconstructive operation for 
hypoplastic left heart syndrome. J Thoracic Cardiovasc Surg 1994;107:1121-1128. 

28. du Plessis AJ, Treves ST, Hickey PR, O'Tauma L, Barlow CF, Costello J, Castaneda AR, Wessel DL. 
Regional cerebral perfusion abnormalities after cardiac operations. J Thoracic Cardiovasc Surg 
1994; 107:1036-1043. 

29. Chang AC, Hanley FL, Lock JE, Wessel DL. Management and outcome of low birth weight neonates with 
congenital heart disease. J Pediatr 1994; 124:461-466. 

30. Adatia I, Lillehei C, Arnold JH, Thompson JE, Palazzo R, Fackler JC, Wessel DL. Inhaled nitric oxide in the 
treatment of postoperative graft dysfunction after lung transplantation. Ann Thor Surg 1994;57: 1311-1318. 

31. du Plessis AJ, Kramer U, Jonas RA, Wessel DL, Riviello JJ. West syndrome following deep hypothermic 
infant cardiac surgery. Pediatr Neurol 1994; 11 :245-251. 

32. Lillehei CW, ShambergerRC, MayerJE, Burke RP, Koka BV, Arnold J, Wessel DL, Landzberg M, Palazzo R. 
Size disparity in pediatric lung transplantation. J Pediatr Surg 1994;29(8): 11521155. 

33. Chang, AC, Zucker HE, Hickey PR, Wessel DL. Pulmonary vascular resistance in infants after cardiac 
surgery: role of carbon dioxide and h}drogen ion. Crit Care Med 1995;23:568-57 4. 

34. Adatia I, Perry S, Landzberg M, Moore P, Thompson JE, Wessel DL. Inhaled nitric oxide and hemodynamic 
evaluation of patients with pulmonary hypertension before transplantation. JAm Coli Cardiol1995;25: 1656-
1664. 

35. du Plessis AJ, Chang AC, Wessel DL, Lock JE, Wernovsky G, Newburger JW, Mayer JE. Cerebrovascular 
accidents following the Fontan operation. Pediatr Neurol 1995; 12:230-236. 

36. Wernovsky G, Wypij D, Jonas RA, Mayer JE, Hanley FL, Hickey PR, Walsh AZ, Chang AC, Castaneda AR, 
Newburger JW, Wessel DL. Postoperative course and hemodynamic profile after the arterial switch operation 
in neonates and infants: A comparison of low-flow cardiopulmonary bypass and circulatory arrest. Circulation 
1995;92:2226-2235. 
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37. Betit P, Adatia I, Benjamin P, Thompson JE, Wessel DL. Inhaled nitric oxide: evaluation of a continuous 
titration delivery technique for infant mechanical and manual ventilation. Resp Care 1995;40(7):70@715. 

38. Chang AC, AtzAM, Wernovsky G, Burke RP, Wessel DL. Milrinone: Systemic and pulmonary hemodynamic 
effects in neonates after cardiac surgery. Crit Care Med 1995;23: 190~1914. 

39. Curran RD, Mavroudis C, Backer CL, Sautel M, Zales VR, Wessel DL. Inhaled nitric oxide for children with 
congenital heart disease and pulmonary hypertension. Ann Thorac Surg 1995;60: 1765-1771. 

40. Adatia I, Atz AM, Jonas RA, Wessel DL. Diagnostic use of inhaled nitric oxide after neonatal cardiac surgery. 
J Thoracic Cardiovasc Surg 1996;112:1403-1405. 

41. Atz AM, Adatia I, Jonas RA, Wessel DL. Inhaled nitric oxide in children with pulmonary hypertension and 
congenital mitral stenosis. Am J Cardiel 1996;77:316-319. 
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Total Files Size (in bytes) 2561931 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Application No. 

12/820,866 
Interview Summary 

Examiner 

ERNST ARNOLD 

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

(1) ERNST ARNOLD. 

(2) Janis Fraser. 

Date of Interview: 27 Jutv 2011. 

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

(3) __ . 

(4) __ . 

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

Exhibit shown or demonstration conducted: d)O Yes 
If Yes, brief description: __ . 

Claim(s) discussed: 28. 

e)0No. 

Applicant(s) 

BALDASSARRE ET AL. 

Art Unit 

1613 

Identification of prior art discussed: Atz (seminars in perinatoloqv 1997. 21 (51: pp 441-4551. 

Agreement with respect to the claims f)0 was reached. g)O was not reached. h)i:8] N/A. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: See Continuation Sheet. 

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

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

I /Ernst V Arnold/ 
Primary Examiner, Art Unit 1613 

I 
U.S. Patent and Trademark Off1ce 

PTOL-413 (Rev. 04·03) Interview Summary Paper No. 20110801 
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Summary of Record of Interview Requirements 

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

Title 37 Code of Federal Regulations (CFR) § 1.1331nterviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in§§ t. t t t, t .t 35. (35 U.S.C. t 32) 

37 CFR §t .2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

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

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

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

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

The Form provides for recordation of the following information: 
-Application Number (Series Code and Serial Number) 
-Name of applicant 
-Name of examiner 
-Date of interview 
-Type of interview (telephonic, video-conference, or personal) 
-Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
-An indication whether or not an exhibit was shown or a demonstration conducted 
-An identification of the specific prior art discussed 

An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

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

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

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

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

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

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

the examiner. 
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 
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Continuation Sheet (PTOL-413) Application No. 12/820,866 

Continuation of Substance of Interview including description of the general nature of what was agreed to if an 
agreement was reached, or any other comments: Note: Due to the similarity in subject matter, copending 12/820980 
also falls within the scope of this discussion. Discussed the reference of Atz in great detail. Applicant interprets Atz as 
teaching the neonate must satisfy 3 criteria before exclusion from iNO therapy: must have Left Ventricular Dysfunction 
(LVD), predominantly left to right shunting at the foramen ovale and exclusively righ to left shunting at the ductus 
arteriosus and only under those conditions should NO be used with extreme caution, if at all. Applicant asserted that 
the discovery of the instant invention lies in newborns not dependent on right to left shunting of the blood but who have 
another form of LVD should not get inhaled NO (iNO). Thus, Applicant asserts that only those neonates who meet 
those criteria of Atz would be excluded but Applicant has discovered a new population for exclusion from iNO therapy. 
It was assumed that it was OK to provide iNO to patients with LVD if they did not have right to left shunting of blood. 
However, Applicant has discovered that neonates with other LVD should be excluded from iNO to reduce the risk of 
one or more adverse events. Applicant directed the Examiner to Dr. Wessels letter in the latest response. The 
Examiner said that he would consider all the documents filed and consult with a Quality Assurance Specialist in 
weighing the totality of evidence of record .. 
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Applicant 
Serial No. 
Filed 
Title 

ATTORNEY DOCKET NO.: 26047-0003002/3000-US-0008CON 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

James S. Baldassarre et al. Art Unit 1613 
12/820,866 Examiner Ernst V. Arnold 
June 22, 2010 Conf. No. 2913 
METHODS OF TREATING TERM AND NEAR-TERM NEONATES HAVING 
HYPOXIC RESPIRATORY FAILURE ASSOCIATED WITH CLINICAL OR 
ECHOCARDIOGRAPHIC EVIDENCE OF PULMONARY HYPERTENSION 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-14 50 

STATEMENT OF THE SUBSTANCE OF THE INTERVIEW 

The undersigned representative thanks the Examiner for the courtesy of the telephonic 

interview held on July 27, 2011, to discuss the obviousness rejections pending in this application 

and a sister application (Application Serial No. 12/820,980). The Examiner's Interview 

Summary was mailed August 4, 2011. The present Statement of the Substance of the Interview 

is being filed prior to the September 4, 2011, deadline for doing so. 

The substance of the interview focused primarily on the disclosure of Atz & Wessel, the 

primary reference cited in the obviousness rejection in each case. As the rejection centered on 

the safety concern expressed in Atz & Wessel at page 452 regarding inhaled nitric oxide 

treatment of newborns, the undersigned pointed out that Atz & Wessel limits this concern 

specifically to a contraindication that was widely known in the art, i.e., for newborns that have a 

combination of all three of the following conditions: "severe left ventricular dysfunction, 

predominantly left to right shunting at the foramen ovale and exclusively right to left shunting at 

the ductus arteriosus." This particular combination of three conditions leaves the newborn 

dependent (i.e., for survival) on right-to-left shunting of blood, the contraindication that had been 

set out in the FDA-approved prescribing information for INOmax® nitric oxide since this 

product was first marketed in 1999. That Atz & Wessel was referring to newborns having the 

CERTIFICATE OF MAILING BY EFS-WEB FILING 

I hereby certifY that this paper was filed with the Patent and Trademark 
Office using the EFS-WEB system on this date: August 17, 20 ll 
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Applicant : James S. Baldassarre et al. 
12/820,866 

Attorney Docket No.: 26047-0003002 
Serial No. : 
Filed 
Page 

6/22/2010 
2 

combination of all three conditions, and not to those who have just one of the conditions, is also 

clear from the wording of the reference itself: (a) the word "and'' Atz & Wessel used to link the 

three listed conditions (rather than "or"); and (b) the reference in the next sentence of the article 

to "adverse outcomes in this circumstance," with the singular form of the word "circumstance" 

implying that the "adverse outcomes" were observed solely in one sort of situation: i.e., the 

circumstance where the patients presented with a combination of all three listed conditions. The 

undersigned noted in the interview that nothing in Atz & Wessel suggested that the presence of 

left ventricular dysfunction alone presented any sort of risk of adverse events from inhaled nitric 

oxide therapy. The Examiner's attention was drawn to a letter from Dr. David L. Wessel that 

was filed on July 8, 2011, as an exhibit attached to the Declaration of Douglas A Greene, M.D. 

under 37 C.P.R.§ 1.132. Dr. Wessel, who is the senior author of Atz & Wessel, states in this 

letter that Atz & Wessel's discussion about neonates at page 452 referred to: 

the well-known contraindication ... that iNO should not be used in newborns 
dependent upon right-to-left shunting of blood across a patent ductus [arteriosus] 
to avoid circulatory collapse. What we did not disclose or predict was that 
neonatal patients with left ventricular dysfunction who are not dependent on right
to-left shunting of blood would be at greater risk of adverse events. 

A declaration of Dr. Wessel incorporating the above comments from the letter was subsequently 

filed on July 27, 2011. 

It was the present inventors who discovered there is a previously-unidentified subset of 

newborns who are also at particular risk of adverse events when they are treated with inhaled 

nitric oxide to relieve their pulmonary hypertension: a subset who have left ventricular 

dysfunction but (unlike the newborns mentioned in Atz & Wessel) are not dependent on right-to

left shunting ofblood. 

After a parsing of claim 28 (as representative of the independent claims) to put the prior 

discussion of the invention and Atz & Wessel in context and to confirm his understanding of the 

technical issues, the Examiner agreed to consider with a Quality Assurance Specialist all of the 

evidence of record, including that newly filed on July 8, 2011. No other claims were explicitly 

discussed in the interview. 
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Applicant : 
Serial No. : 
Filed 
Page 

James S. Baldassarre et al. 
12/820,866 
6/22/2010 
3 

Attorney Docket No.: 26047-0003002 

It is believed that no fees are due for this filing. If any fees are due, please charge them 

to Deposit Account No. 06-1050, referencing Attorney Docket No. 26047-0003002. 

Date: August 17, 2011 

Customer No. 94169 
Fish & Richardson P.C. 
Telephone: (617) 542-5070 
Facsimile: (877) 769-7945 

22685218.doc 

Respectfully submitted, 

/Janis K. Fraser/ 
Janis K. Fraser, Ph.D., J.D. 
Reg. No. 34,819 
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Total Files Size (in bytes) 93255 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

Ex. 2007-0957



UNITED STA 1ES p A 1ENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

12/820,866 06/22/2010 

94169 7590 

Fish & Richardson PC 
P.O.Box 1022 
minneapolis, MN 55440 

08/24/2011 

FIRST NAMED INVENTOR 

James S. Baldassarre 

UNITED STATES DEPARTMENT OF COMMERCE 
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Application No. Applicant(s) 

12/820,866 BALDASSARRE ET AL. 

Office Action Summary Examiner Art Unit 

ERNST ARNOLD 1613 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;2 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR t. t 36(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § t33). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR t .704(b). 

Status 

1 )IZ! Responsive to communication(s) filed on 08 Jutv 2011. 

2a)IZ! This action is FINAL. 2b)0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

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

Disposition of Claims 

4)[8J Claim(s) 28-42 is/are pending in the application. 

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

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 28-42 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1 0)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

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

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

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

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

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

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

Attachment{s) 

1) 0 Notice of References Cited (PT0-892) 
2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8Jinformation Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 718111. 

U.S. Patent and Trademark Off1ce 

PTOL-326 (Rev. 08·06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20110809 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

DETAILED ACTION 

Page 2 

Claims 1-27 have been cancelled and claims 28-42 are new. Applicant has filed a new 

IDS and Applicants amendments have necessitated a new ground of rejection. Accordingly, this 

Action is FINAL. 

Information Disclosure Statement 

The information disclosure statements (IDS) submitted on 7/8111 was filed after the 

mailing date of the Office Action on 6/8111. The submission is in compliance with the 

provisions of 37 CPR 1.97. Accordingly, the information disclosure statement is being 

considered by the examiner to the extent that English language translations, abstracts or 

relevance has been provided for foreign references. References without a date have not been 

considered and a line has been drawn through the reference. 

Withdrawn rejections: 

Applicant's Declarations, amendments and arguments filed 6/8/11 are acknowledged and 

have been fully considered. Any rejection and/or objection not specifically addressed below is 

herein withdrawn. Since Applicant has cancelled all previously rejected claims, then all previous 

claim rejections have been rendered moot and are withdrawn. 

The following rejections and/or objections are either reiterated or newly applied. They 

constitute the complete set of rejections and/or objections presently being applied to the instant 

application. 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

Claim Rejections- 35 USC§ 103 

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

obviousness rejections set forth in this Office action: 

Page 3 

(a) A patent may not be obtained though tbe invention is not identically disclosed or described as set fortb in section 102 of tbis title, if tbe 
differences between tbe subject matter sought to be patented and the prior art are such tbat the subject matter as a whole would have been 
obvious at the time tbe invention was made to a person having ordinary skill in the art to which said subject matter pertains. Patentability 
shall not be negatived by the manner in which tbe invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under 35 

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

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

or nonobviousness. 

Claims 28-42 are rejected under 35 U.S.C. 103(a) as being unpatentable over INOmax® 

insert (2007; IDS filed on 7/8111) and Atz et al. (Seminars in Perinatology 1997, 21(5), pp 441-

455) and Kinsella et al. (The Lancet 1999, 354, 1061-1065) and Loh et al. (Circulation 1994, 90, 

2780-2785). 

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

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

claims was commonly owned at the time any inventions covered therein were made absent any 

evidence to the contrary. Applicant is advised of the obligation under 37 CPR 1.56 to point out 

the inventor and invention dates of each claim that was not commonly owned at the time a later 
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invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 

and potential35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

Applicants claims, for example: 

28. (New) A metlwd of.red.udng the risk of Ot.;-curretKe, in a tenn or nca:Herm 

~~·m<!te pmient, of ooe or m{lre adve:rse events ot serious alh·(.-r~ eventli as:sodall:d w~m a 

medtelll ttm~tnw.nt co:mprising ini$1tlation ofrutrk o:.idt\ gas; S<~id method compris:ing: 

(<~.! identifying a term or ncat·1(.'!'m neooate patient 111 need <if inhaled nitric ox!de 

treattnent, wlleNin the patknt i~ n~>t kn:O~"'-u toms depemk11t un riW:!H~'l>-k:fi shutl!it~g Qfbl~wd; 

( b} &:l.ermining that the patient idell!ified in (1.1} httl'i prE:Ht.xisHng left vro!ricnlar 

dy~flln(:l ion~ ~md 

{c) excluding the ~tient from inhaled nitric: oxide tre<tlmeut based (m tht! 

delermim:Li.on lhal lhe p:t:~tieo~ h$ "'~:l!:i~ting kfl: venttic~llnr d)·sfunctiott 

Determination of the scope and content of the prior art 

(MPEP 2141.01) 

The INOmax® insert teaches that in the NINOS study (page 1, upper right) neonates with 

hypoxic respiratory failure were treated with inhaled NO (iNO) resulting in fewer deaths than the 

control (14% vs 20%)(page 1, right column). Adverse events were presented in a Table on page 

2 of the insert: 
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ADVERSE EVENTS IN THE CINRGI TRIAL 

Adverse Event Placebo fo:89) lnltaled NO (11=97) 

Hypotension 9 (1tm} 13 (13'XJ) 

Withdrawal 9 (1"") 12 (1,.) 

1\teleGtasis 8(91£) 9 (9%) 

Hematuria 5 (6%) 8 (8%) 

Hyperglycemia 6(7%) 8 (8%) 

Sepsis 2 (2%} 7~) 

Infection 3 {3~) 6fRJ 
Stridor 3(3%) 5 (5%) 

Cellulitis 0 (f1H,) 5 (51,) 
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As can be seen in the Table, there is a higher percentage of Adverse events associated 

with iNO than the placebo in all categories. In addition, the insert also teaches on page 2, left 

column: 

In the NINOS !:.1ud~ tmatmant groups ware similar wtth raspect 1o the 
incidence and severity of intracranial hemorrhage, Grade IV hemor· 
rhago1 periwntrif::ukir leukomatacia, cerebral infarction, seizures 
requiring anticonvulsant therapy, pulmonary hemorrhage, or gastrnln-
1HstinHI hsmorrhagR 

This teaching fairly suggests that iNO increases the risk of adverse events over a broad 

variety of events above that of the placebo. Accordingly, the ordinary artisan understands that 

there is an increased risk of adverse events in administering iNO over that of a placebo. In other 

words, the administration o(iNO increases the risk of adverse events in neonates and 

consequently the ordinary artisan understands that by not administering iNO the risk of 
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occurrence o(adverse events is reduced as shown by the Table above. From this piece of art, the 

Examiner can make the following reasonable conclusion: 

Finding of Fact #1: Administration of iNO is not without risk of adverse events. 

Inhaled NO increases the risk of adverse events in neonates and the corollary that exclusion 

of the patient from iNO, the placebo above, has a reduced risk of the the occurrence of 

adverse events from iNO. 

Atz et al. teach methods using inhaled nitric oxide in the neonate with cardiac disease, 

hence an identified patient in need of nitric oxide treatment, (title and Abstract) which 

intrinsically provides pharmaceutically acceptable NO gas for inhalation to a medical provider to 

provide to the patient. Atz et al. warn that sudden pulmonary vasodilation may produce 

pulmonary edema (page 452, left column). Atz et al. teach that: "Caution should be exercised 

when administering NO to patients with severe left ventricular dysfunction and pulmonary 

hypertension." (page 452, left column). Since pulmonary hypertension is instantly claimed, then 

the subject intrinsically has hypoxic respiratory failure. Atz et al. continues with: "Therefore, in 

newborns with severe left ventricular dysfunction, predominantly left to right shunting at the 

foramen ovale and exclusively right to le(t shunting at the ductus arteriosus, NO should be used 

with extreme caution, i(at all. We and others have reported adverse outcomes in this 

circumstance." (page 452, left column) (Examiner added emphasis). Artz et al. thus identify 

conditions in the patients which is screening of the patient. Thus, Atz et al. fairly teaches 

excluding patients which include neonates with left ventricular dysfunction from inhaled NO 

treatment because the Examiner interprets "if at all" to mean no treatment and hence exclusion 

from treatment. The left ventricular dysfunction is intrinsically pre-existing. 
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• identifying a patient eligible for NO treatment; 

• diagnosing/identifying if the patient has left ventricular dysfunction; 

Page 7 

• excluding that patient with left ventricular dysfunction from treatment with NO 

but treating the patient with NO for other conditions discussed by Atz et al. with 

inhalation of NO thereby reducing the risk of adverse events associated with the 

medical treatment. 

Atz et al. teach neonates with pulmonary hypertension (Abstract and page 442, left 

column to right column) and it is irrelevant to the Examiner as to how the pulmonary 

hypertension was diagnosed whether by echocardiographic evidence or clinical evidence. The 

fact that matters is that the hypertension is diagnosed in the patient population. From this piece 

of art, the Examiner can make the following reasonable conclusion: 

Finding of Fact #2: Adverse outcomes are known to occur to neonates treated with 

iNO that have pre-existing left ventricular dysfunction and consequently the art cautions 

against the use of iNO to such patients. 

Kinsella et al. teach excluding patients (premature neonates) from inhaled nitric oxide 

treatment if they have fatal congenital anomalies or congenital heart disease (Abstract and page 

1062, Methods). Since left ventricular dysfunction is a congenital heart disease, as acknowledged 

by Applicant, (see specification [0028]), and it would be pre-existing, then the methods of 

Kinsella et al. intrinsically exclude this patient population from the method. The patients also had 

pulmonary hypertension which would be associated with the cardiac function (Abstract). Thus, 

one or more adverse events are reduced in the neonates excluded from the method. The patients 
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are intrinsically identified for nitric oxide inhalation treatment, diagnosed for congenital heart 

disease which intrinsically includes left ventricular dysfunction, and if the patient meets the 

criteria than treatment with NO is performed thereby reducing the risk of adverse events 

associated with the treatment. From this piece of art, the Examiner can make the following 

reasonable conclusion: 

Finding of Fact #3: Neonates with fatal congenital anomalies or congenital heart 

disease are excluded from iNO therapy but those neonates who meet the criteria for 

therapy are provided iNO therapy. 

Loh et al. teach that inhaled nitric oxide in patients with left ventricular dysfunction may 

have adverse effects in patients with LV failure (Title and Abstract). Loh et al. clearly teaches 

that patients with pulmonary artery wedge pressure, which is synonymous with the instantly 

claimed pulmonary capillary wedge pressure, ofgreater than or equal to 18 mm Hg had a 

greater effect of inhaled NO due to the greater degree of reactive pulmonary hypertension 

present in such patients (page 2784, left column). Loh et al. state: "Since the degree of reactive 

pulmonary hypertension is generally related to the severity ofhemodynamic compromise in 

patients with LV failure, it might be anticipated that patients with more severe heart failure will 

have a more marked hemodynamic response to inhaled NO." Loh et al. examined this prediction 

further and verified it (page 2784, left column). From this piece of art, the Examiner can make 

the following reasonable conclusion: 

Finding of Fact #4: Patients with a pulmonary capillary wedge pressure of greater 

than or equal to 18 mm Hg have a more marked hemodynamic response to inhaled NO 
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dysfunction may have adverse effects in patients with LV failure. 

Ascertainment of the difference between the prior art and the claims 

(MPEP 2141.02) 

Page 9 

1. The difference between the instant application and INOmax®, Atz et al., Loh et al., 

and Kinsella et al., is that INOmax®, Atz et al., Loh et al., and Kinsella et al., do not expressly 

teach the method of reducing the risk of occurrence in a term or near term neonate patient of one 

or more adverse events or serious adverse events associated with iNO therapy comprising 

identifying a term or near term neonate patient in need of iNO treatment and is not known to be 

dependent on right to left shunting of blood, determining if the patient has pre-existing L VD and 

excluding the patient from iNO treatment if they have pre-existing L VD or administering iNO if 

they do not have pre-existing L VD of instant claims 28-42. This deficiency in the cited 

references is cured by the common sense of the ordinary artisan. 

Finding of prima facie obviousness 

Rational and Motivation (MPEP 2142-2143) 

1. It would have been obvious to one of ordinary skill in the art at the time the claimed 

invention was made to perform the method of INOmax®, Atz et al., Loh et al., and Kinsella et 

al., and perform the method steps of instant claims 28-42 and produce the instant invention. 

One of ordinary skill in the art would have been motivated to do this because: 1) iNO has 

risk of adverse events as taught by INOmax®; 2) if the neonate has left ventricular dysfunction 
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(LVD), then Atz et al. clearly teach using extreme caution or not using NO at all in the treatment 

of patients with LVD which would also render obvious other forms of L VD not know to be 

dependent on right to left shunting of blood; and 3) the art of Kinsella et al. establishes excluding 

certain patients (premature neonates) from inhaled nitric oxide treatment if they have fatal 

congenital anomalies or congenital heart disease. Thus it is simply no stretch of the imagination 

to exclude patients such as term or near term neonates with L VD and not known to be dependent 

on right to left shunting of the blood from inhaled nitric oxide therapy in order to avoid adverse 

outcomes as taught by Atz et al. which intrinsically include all the adverse events recited by 

Applicant including pulmonary edema as discussed above. The ordinary artisan would err on the 

side of caution for the benefit of the patient. Identification of a plurality of patients in need of 

iNO treatment and determining which patient has pre-existing L VD and which does not is simply 

screening of patients. Administration of iNO to neonates without LVD is already known in the 

art. 

Furthermore, it is already known through the teachings of Loh et al. that a pulmonary 

capillary wedge pressure (PCWP) of greater than 18 mg Hg serves as a guidepost for alerting the 

artisan to adverse events from inhaled NO. Thus, it is not inventive to exclude patients with a 

PCWP of greater than 20 mm Hg when the art already suggests the risk of trouble of treating 

patients with a PCWP of 18 mm Hg because inhaled NO increases the wedge pressure as taught 

by Loh et al. (see entire document). 

In summary, it remains the position of the Examiner, which is in alignment with the 

written opinion of the international search authority, that it is simply not inventive to 'inform' a 

medical provider that a neonate with L VD is at risk of adverse/serious adverse events from iNO 

Ex. 2007-0968



Application/Control Number: 12/820,866 

Art Unit: 1613 

Page 11 

therapy when the art already has established that fact and the ordinary artisan is alerted to this 

fact. !(the patient has LVD then they are at risk of adverse and/or serious adverse events (rom 

iNO therapy and it is not inventive to further identify other secondary conditions/risk (actors 

associated with LVD and provide further warnings (or secondary conditions/risk (actors that are 

separate and independent (rom the first condition/risk (actor but nevertheless associated with 

LVD to the medical provider. Screening (or conditions that predispose the patient to 

adverse/serious adverse effects (rom medical treatment o(iNO is obvious given the teachings 

above. Respectfully, the instantly claimed method steps are in the realm of common sense and 

not in the dominion of invention because it is already known in the art that patients with pre-

existing LVD are at risk of adverse effects from iNO. In other words, not every finding in the 

scientific kingdom is patentable. It is obvious to the ordinary artisan that if the neonate has 

L VD, then in order to avoid the risk of adverse or serious adverse events associated with iNO, to 

then exclude the neonate from iNO therapy. In other words, given the art as a whole, 

determination of further conditions/risk factors that would exclude the neonate from iNO therapy 

is obvious given the teachings in the art as discussed above which direct the artisan to screen 

neonates about to undergo treatment with NO by inhalation and to exclude those with LVD from 

such treatment. 

In light of the forgoing discussion, the Examiner concludes that the subject matter 

defined by the instant claims would have been obvious within the meaning of 35 USC 103(a). 

From the teachings of the references, it is apparent that one of ordinary skill in the art 

would have had a reasonable expectation of success in producing the claimed invention. 

Therefore, the invention as a whole was prima facie obvious to one of ordinary skill in the art at 
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the time the invention was made, as evidenced by the references, especially in the absence of 

evidence to the contrary. 

Response to Arguments: 

The Examiner has considered Applicants arguments as they pertain to the previous 

rejection(s) of record. This is a new rejection of record and arguments/Declarations directed to 

the previous rejection(s) of record are now moot since those rejections have been rendered moot 

by the cancellation of all previously pending claims and introduction of all new claims. 

Respectfully, none of Applicants arguments or Declarations are persuasive. The Examiner has 

carefully considered the Declarations by Dr. Wessel, Dr. Greene and Dr. Baldassarre as well as 

all remarks and arguments. However, the position of the Examiner remains immutable and the 

Examiner does not concede or acquiesce to any of Applicant's arguments, points or positions. 

The fundamental question concerning the instant case is whether or not it is inventive to 

exclude a neonatal patient that has pre-existing left ventricular dysfunction but is not known to 

be dependent on right to left shunting of blood (rom iNO therapy to reduce the risk of occurrence 

o(one or more adverse events or serious adverse events associated with inhalation o(nitric 

oxide gas. Based upon the preponderance of evidence, the Examiner can only conclude based 

upon the facts and not impermissible hindsight reconstruction that the instant claims are not 

inventive. Certainly, Applicant and the panel of experts must be aware of the adverse events 

associated with iNO therapy as provided by INOmax® insert. Inhaled NO is not without inherent 

risk of adverse events. It is then no stretch of the imagination to exclude patients, including a 

neonatal patient that has pre-existing left ventricular dysfunction but is not known to be 

dependent on right to left shunting of blood from iNO therapy to reduce the risk of occurrence of 
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one or more adverse events or serious adverse events associated with inhalation of nitric oxide 

gas because it is already known that iNO has a risk of adverse events. In other words, it does not 

matter if the neonate has a foot fungus, is polydactyly or has pre-existing left ventricular 

dysfunction because the risk of occurrence of adverse events from iNO therapy will be reduced if 

the patient is excluded from iNO therapy. Applicant argues that it would not have been common 

sense for a physician to exclude a neonatal LVD patient from a potentially life-saving treatment 

with iNO without a legitimate medical justification for doing so. Applicant also states: 

:skin. No physidan wlm beUevW h <!<iQbvmus .. ·that inhaled nitri~ o~ide tm.~ wt~<ukl be h~ftd ~c 

p»rentl§ wfro h~ve a pa'rtktdar comitron "'<oold appro¥e a ~~~dy cof inhaled nitric oxide that includes 

those patients, Dyn is stPJPbt £mll~ B!JHi That mukipk phys.1eiens woo an: e•pens ln this. f.e:ld 

However, it is already known that iNO has the risk of adverse effects as shown by INOmax®. 

Thus, the statement above carries no weight because each and every time iNO is administered 

there is a risk of adverse effects. 

The Examiner believes that Applicant has lost sight of the forest for the trees. To bring 

the issues into perspective: 

• Administration of iNO is not without risk of adverse effects (INOmax®). 

• Administration of iNO to neonates with LVD, predominantly left to right shunting 

at the foramen ovale and exclusively right to left shunting at the ductus arteriosus 

is warned against because of adverse outcomes (Atz et al.). 

• Neonates with congenital heart disease have already been excluded from iNO 

therapy (Kinsella et al.). 

• Inhaled nitric oxide in patients with left ventricular dysfunction may have adverse 

effects in patients with LV failure (Loh et al. ). 
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Consequently, the art as a whole paints a picture that patients, including neonates, are at 

risk of adverse events from iNO therapy even if the iNO therapy is beneficial in other aspects 

and it remains obvious to exclude patients, including neonates, from iNO therapy to reduce the 

risk of occurrence of such adverse events. While the Examiner acknowledges the instant claims 

have a real world utility and can perhaps save the lives of neonates, the instant claims do not rise 

to the level of invention but rather remain on the plane of obvious to the person of ordinary skill 

in the art based on the art as a whole. This is the unwavering position of the Examiner backed by 

Quality Assurance. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created doctrine 

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 

improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 

harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection 

is appropriate where the conflicting claims are not identical, but at least one examined 

application claim is not patentably distinct from the reference claim(s) because the examined 

application claim is either anticipated by, or would have been obvious over, the reference 

claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 

USPQ 645 (Fed. Cir. 1985); In re Van Omum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re 

Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 

USPQ 644 (CCPA 1969). 
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A timely filed terminal disclaimer in compliance with 37 CPR 1.321(c) or 1.321(d) may 

be used to overcome an actual or provisional rejection based on a nonstatutory double patenting 

ground provided the conflicting application or patent either is shown to be commonly owned 

with this application, or claims an invention made as a result of activities undertaken within the 

scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal 

disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CPR 

3.73(b). 

1. Claims 28-42 are provisionally rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 29-42 of copending Application No. 

12/820980. Although the conflicting claims are not identical, they are not patentably distinct 

from each other because the instant subject matter embraces or is embraced by the subject matter 

of the copending subject matter. Both applications are drawn to methods of reducing one or more 

adverse events in a term or near term neonates by excluding from treatment anyone with pre-

existing left ventricular dysfunction. 

Therefore one of ordinary skill in the art would have recognized the obvious variation of 

the instant application over the copending application. 

This is a provisional obviousness-type double patenting rejection because the conflicting 

claims have not in fact been patented. 

2. Claims 28-42 are provisionally rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 21-30 of copending Application No. 

12/821020. Although the conflicting claims are not identical, they are not patentably distinct 
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from each other because the instant subject matter embraces or is embraced by the subject matter 

of the copending subject matter. Both applications are drawn to methods of reducing one or more 

adverse events in a patient population by excluding from treatment anyone with pre-existing left 

ventricular dysfunction. 

The copending application does not expressly teach the intended population as having 

one or more conditions. 

However the copending application is drawn to the same patient population which 

intrinsically has one or more conditions/risk factors as instantly claimed. 

Therefore one of ordinary skill in the art would have recognized the obvious variation of 

the instant application over the copending application. 

This is a provisional obviousness-type double patenting rejection because the conflicting 

claims have not in fact been patented. 

3. Claims 28-42 are provisionally rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 21-29 and 37 of copending Application 

No. 12/821041. Although the conflicting claims are not identical, they are not patentably distinct 

from each other because the instant subject matter embraces or is embraced by the subject matter 

of the copending subject matter. Both applications are drawn to methods of reducing one or more 

adverse events in a patient population by excluding from treatment anyone with pre-existing left 

ventricular dysfunction. 

The copending application does not expressly teach the intended population as having 

one or more conditions. 
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However the copending application is drawn to the same patient population which 

intrinsically has one or more conditions/risk factors as instantly claimed. 

Therefore one of ordinary skill in the art would have recognized the obvious variation of 

the instant application over the copending application. 

This is a provisional obviousness-type double patenting rejection because the conflicting 

claims have not in fact been patented. 

Conclusion 

No claims are allowed. 

Applicant's submission of an information disclosure statement under 37 CPR 1.97(c) with 

the fee set forth in 37 CPR 1.17 (p) on 7/8111 prompted the new ground( s) of rejection presented 

in this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 609.04(b). 

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

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

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

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 

CPR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 

however, will the statutory period for reply expire later than SIX MONTHS from the mailing 

date of this final action. 
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Applicant's amendment necessitated the new ground(s) of rejection presented in this 

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 

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

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

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

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 

CPR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 

however, will the statutory period for reply expire later than SIX MONTHS from the date of this 

final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ERNST V. ARNOLD whose telephone number is (571)272-

8509. The examiner can normally be reached on M-P 7:15-4:45. 

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

supervisor, Brian Kwon can be reached on 571-272-0581. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, callS00-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Ernst V Arnold/ 
Primary Examiner, Art Unit 1613 
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BRIEF ON APPEAL 

This application is under Accelerated Examination. 

Appellant is appealing the final rejection of claims 28-42 in the Final Office 

Action dated August 24, 2011. A Notice of Appeal was filed and received by the U.S. Patent 

and Trademark Office on September 1, 2011. 

I. Real Party in Interest 

The Real Pmiy in Interest is Ikaria Holdings, Inc., the assignee of record. 

Affiliates of Ikaria Holdings, Inc. include Ikaria, Inc. and INO Therapeutics LLC. 
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interferences. 
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Filed 
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James S. Baldassarre et al. 
12/820,866 
June 22,2010 
2 of 56 

III. Status of Claims 

Claims 1-27 are canceled. 

Claims 28-42 are rejected and under appeal. 

IV. Status of Amendments 

Attorney's Docket No.: 26047-0003002 

No amendments have been filed subsequent to the August 24, 2011, mailing date 

of the Final Office Action, and none are being submitted herewith. 

V. Summary of Claimed Subject Matter 

Independent claims 28, 32 and 37 are summarized below. Support m the 

specification is indicated by paragraph numbers derived from the specification as filed. 

Independent claim 28 is directed to a method of reducing the risk of occurrence, 

m a term or near-term neonate patient (i.e., >34 weeks gestation; see the specification at 

paragraph [0033]), of one or more adverse events or serious adverse events associated with a 

medical treatment comprising inhalation of nitric oxide gas. ("Adverse events" and "serious 

adverse events" are terms of art describing two related but distinct categories of events in the 

pharmaceutical field; see, e.g., the definitions in the specification at paragraphs [0025] and 

[0027].) The method includes the steps of (a) identifying a tenn or near-term neonate patient in 

need of inhaled nitric oxide treatment, wherein the patient is not known to be dependent on right

to-left shunting of blood; (b) determining that the patient identified in (a) has pre-existing left 

ventricular dysfunction; and (c) excluding the patient from inhaled nitric oxide treatment based 

on the determination that the patient has pre-existing left ventricular dysfunction. Support for 

claim 28 can be found, e.g., at paragraphs [0004], [0007], [0008], [0020] (as amended in the 

Response filed July 8, 2011, to include material previously incorporated by reference), [0025], 

[0027], [0028], [0033], and [0051] ofthe specification. 
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Attorney's Docket No.: 26047-0003002 

Independent claim 32 is directed to a method of reducing the risk of occurrence, 

in a term or near-tenn neonate patient, of one or more adverse events or serious adverse events 

associated with a medical treatment comprising inhalation of nitric oxide gas. The method 

includes the steps of (a) identifying a term or near-term neonate patient in need of inhaled nitric 

oxide treatment, wherein the patient is not known to be dependent on right-to-left shunting of 

blood; (b) detennining by diagnostic screening that the patient identified in (a) has pre-existing 

left ventricular dysfunction; and (c) excluding the patient from treatment with inhaled nitric 

oxide based on the determination that the patient has pre-existing left ventricular dysfunction. 

This claim is similar to claim 28, except that step (b) of claim 32 specifies use of "diagnostic 

screening." See, e.g., the specification at paragraph [0028]. 

Support for claim 32 can be found, e.g., at paragraphs [0004], [0007], [0008], 

[0020] (as amended in the Response filed July 8, 2011, to include material previously 

incorporated by reference), [0025], [0027], [0028], [0033], and [0051] of the specification. 

Independent claim 37 is directed to a method of reducing the risk of occurrence, 

in a plurality of tenn or near-tenn neonate patients, of one or more adverse events or serious 

adverse events associated with medical treatment comprising inhalation of nitric oxide gas. The 

method includes the steps of (a) identifying a pluralitY of term or near-tenn neonate patients who 

are in need of inhaled nitric oxide treatment, wherein the patients are not known to be dependent 

on right-to-left shunting of blood; (b) determining that a first patient of the plurality has pre

existing left ventricular dysfunction and a second patient of the plurality does not; 

(c) administering the inhaled nitric oxide treatment to the second patient; and (d) excluding the 

first patient from treatment with inhaled nitric oxide, based on the determination that the first 

patient has pre-existing left ventricular dysfunction. 

Support for claim 37 can be found, e.g., at paragraphs [0004], [0007], [0008], 

[0020] (as amended in the Response filed July 8, 2011, to include material previously 

incorporated by reference), [0025], [0027], [0028], [0033], and [0051] of the specification. In 

pmticular, the concept of a "plurality" of patients is supported by the discussion of "patients" 

(plural) at paragraph [0004] and "a patient population" at paragraph [0007]. Paragraph [0007] 
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also supports the recitation of a first patient who is determined to have left ventricular 

dysfunction and so is excluded from treatment with inhaled nitric oxide. The recitation of a 

second patient who is determined not to have left ventricular dysfunction and so !§ administered 

inhaled nitric oxide is supported, e.g., at paragraph [0008]. (The terms "first" and "second" in 

claim 3 7 are merely standard linguistic devices useful to distinguish between two patients, and 

do not imply any particular temporal order.) 

As required by the accelerated examination program of which this application is a 

part, Appellant does not separately argue the patentability of any dependent claim in this appeal 

brief. Appellant agrees that the dependent claims are grouped together with, and not argued 

separately from, the independent claim from which they depend. 

VI. Ground of Rejection to be Reviewed on Appeal 

The sole ground of rejection to be reviewed on appeal is whether claims 28-42 are 

unpatentable under 35 U.S.C. § 103(a) over a combination of four references: the 2007 drug 

label insert for INOmax® (nitric oxide) for inhalation ("the 2007 INOmax® insert"; included as 

Exhibit 1 for the Board's convenience); Atz & Wessel (Seminars in Perinatology 1997, 

21(5), 441-455; Exhibit 2); Kinsella et al. (The Lancet 1999, 354, 1061-1065; Exhibit 3); and 

Loh et al. (Circulation 1994, 90, 2780-2785; Exhibit 4). 1 

Claims 28-42 are also provisionally rejected as being unpatentable for 

nonstatut01y obviousness-type double patenting over claims 29-42 of co-pending U.S. 

Application No. 12/820,980; over claims 21-30 of copending Application No. 12/821,020; and 

over claims 21-29 and 37 of copending Application No. 12/821,041.2 For purposes of the 

present appeal, Appellant does not contest these provisional rejections insofar as they are applied 

to the claims as currently written, and intends to file appropriate Terminal Disclaimers to moot 

these rejections if doing so is warranted at the time the present claims are otherwise deemed 

1 Final Office Action, August 24, 2011 (the "Final Office Action"), at 3. 
2 /d. at 14-17. 
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allowable. Accordingly, the Board of Patent Appeals and Interferences need not address the 

obviousness-type double patenting rejections at this time.3 

VII. Argument 

A. Summary of the Argument 

The issue presented on this appeal is simple and straightfmward. The claimed 

invention is directed to a method of reducing the risk of adverse events in neonate patients that 

suffer from left ventricular dysfunction (LVD) and are not dependent on right-to-left shunting of 

blood.4 For simplicity, this set of neonates is referred to herein as the "Claimed Patient 

Population." The present inventors discovered that the Claimed Patient Population suffers from 

an elevated risk of adverse events when treated with inhaled nitric oxide.5 The Examiner does 

not dispute that this discovery is novel and not anticipated by any of the cited prior art 

references. 6 

The prior art does teach, however, that administration of inhaled nitric oxide may 

result in adverse events in two other distinct patient populations: (i) neonate patients 

dependent on right-to-left shunting of blood, and (ii) adults suffering from L VD (together, the 

"Prior Art Patient Populations").7 The three very distinct patient populations at issue are 

summarized in the diagram below: 

3 Ex Parte Monda, 95 U.S.P.Q.2d 1884 (B.P.A.I. June 22, 2010). 
4 See Declaration of Douglas A. Greene, M.D. under 37 C.P.R.§ 1.132, dated April29, 2011 ("First Greene Dec."), 
,]~ 10-14 (discussing neonate cardiology and right-to-left shunting of blood at a patent ductus arteriosus). The First 
Greene Dec. was originally submitted with the May 2, 2011 Reply filed by Appellant. A copy of the First Greene 
Dec. is enclosed in the Evidence Appendix (ix) as Exhibit 5. 
5 Declaration of David L. Wessel, M.D., under 37 CPR§ 1.132 ("Wessel Dec."), '\]9. The Wessel Dec. was made 
of record on July 27, 2011, and is enclosed in the Evidence Appendix (ix) as Exhibit 6. 
6 Final Office Action at 9 ("The difference between the instant application and INOmax®, Atz eta!., Loh et a!., and 
Kinsella eta!., is that INOmax®, Atz eta!., Loh eta!., and Kinsella eta!., do not expressly teach the method of 
reducing the risk of occurrence in a tern1 or near tern1 neonate patient of one or more adverse events or serious 
adverse events associated with iNO therapy comprising identifying a term or near term neonate patient in need of 
iNO treatment and is not known to be dependent on right to left shunting of blood, detern1ining if the patient has 
pre-existing L VD and excluding the patient from iNO treatment if they have pre-existing L VD or administering iNO 
if they do not have pre-existing L VD of instant claims 28-42." (Emphasis added)). 
7 Wessel Dec.~ 7. 
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Patient has LVD and IS NOT dependent 
on right-to-left shunting of blood 

Prior Art Patient Population 

Clninwd Palk•nt Popula'tion 

The Examiner contends that disclosure of an increased likelihood of adverse 

events in the Prior Art Patient Populations would have made it obvious to expect a similar 

increase in adverse events in the Claimed Patient Population.8 The Board should reverse this 

rejection because: (i) it is contrary to historical fact, and (ii) the Examiner provides no analysis 

based upon the etiology and/or pathophysiology of the various conditions that would explain 

why a risk of adverse events in the Prior Art Patient Populations would lead one skilled in the mi 

to expect an increased likelihood of adverse events in the Claimed Patient Population.9 In fact, 

all of the evidence of record is to the contrary and demonstrates that the etiology and 

pathophysiology of these patient populations are clinically distinct and would not justify any 

such conclusion. 10 

The evidence of record supporting reversal of the Examiner's rejection includes 

the following: 

1. Direct evidence that those skilled in the art were well aware for many years 

of the increased risk of adverse events in the Prior Art Patient Populations and 

nevertheless did not predict an increased risk of adverse events in the Claimed Patient 

Population. 

a. The record includes declaration testimony (including the declaration of 

Dr. Wessel, senior author of the Atz & Wessel reference relied on extensively by the Examiner) 

that, immediately prior to Appellants' invention, three leading experts in inhaled nitric oxide 

8 Final Office Action at 9. 
9 See generally Final Oftlce Action (entirely failing to address (a) Appellant's evidence of why experts in the field 
did not expect increased risk to the Claimed Patient Population and (b) physical attributes of the Prior Art Patient 
Populations that might provide a clue that the Claimed Patient Population would be adversely affected by inhaled 
nitric oxide). 
10 See, e.g., Declaration ofDouglas A. Greene, M.D. under 37 C.F.R. § 1.132, dated July 7, 2011 ("Second Greene 
Dec."), ,],]8-9, 22, 25, 27. The Second Greene Dec. was originally submitted with the July 8, 2011 Reply. A copy 
of the Second Greene Dec. is enclosed in the Evidence Appendix (ix) as Exhibit 7. 
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therapy designed a study protocol that was reviewed and approved by 18 Institutional Review 

Boards and Independent Ethics Committees composed of over 100 specialists at leading medical 

institutions in the United States and Europe. 11 Not one of these experts or other experienced 

specialists predicted the increased risk of adverse events in the Claimed Patient Population that 

the Examiner, with 20-20 hindsight, now concludes should have been obvious to those 

practitioners. 12 As pointed out by Dr. Wessel in his declaration, it is ironic that his own Atz & 

Wessel reference is so heavily relied on by the Examiner to suggest the obviousness of an 

increased risk of adverse events in the Claimed Patient Population when he himself, the 

publication's senior author, failed to anticipate or predict this increased risk. 13 Notably, the 

Examiner does not dispute the historical facts described above and does not cite any evidence 

tending to contradict the conclusion that, in the real world prior to Appellant's invention, actual 

practitioners who routinely administered inhaled nitric oxide to actual neonates in need thereof 

did not consider the Claimed Patient Population to be at increased risk of adverse events. 

b. The record includes direct evidence that, prior to Appellant's invention, 

experts at the U.S. Food and Dmg Administration (FDA) and a number of other national Health 

Authorities outside the United States had multiple separate opportunities to consider the question 

of whether inhaled nitric oxide should be withheld from the Claimed Patient Population, and 

each time did not reach that conclusion. 14 Only after Appellant's invention did FDA require an 

amendment to the label for inhaled nitric oxide waming about the potential for increased adverse 

events in patients with LVD. 15 Again, the Examiner does not dispute these historical facts, and 

does not cite or rely on any evidence tending to contradict the conclusion that the regulatory 

11 Wessel Dec.~ 8; See also the Declaration of James S. Baldassarre, M.D. under 37 C.F.R. § 1. 132, dated July 7, 
2011 ("Second BaldassatTe Dec."),~ II. The Second Baldassarre Dec. was originally submitted with the July 8, 
2011 Reply and is enclosed in the Evidence Appendix (ix) as Exhibit 8. 
12 Second Baldassarre Dec. ~ 8. 
13 Wessel Dec.~ 8. 
14 See, e.g., Second Baldassarre Dec. ,l 8-11. See also 
http://www. faa.gov/drugs/resourcesforyou/consumers/ucm 143534.htm ("Most dmgs that undergo preclinical 
(animal) testing never even make it to human testing and review by the FDA. The drugs that do must undergo the 
agency's rigorous evaluation process, which scrutinizes everything about the drug--from the design of clinical trials 
to the severity of side effects to the conditions under which the drug is manufactured."). 
15 Declaration of James S. Baldassarre, M.D. under 37 C.F.R. § 1.132, dated Sept. 29, 2010 ("First Baldassarre 
Dec.")~ 16. The First Baldassarre Dec. was originally submitted with the October 1, 2010 Reply and is included in 
the Evidence Appendix (ix) as Exhibit 9. 
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agencies actually charged with ensuring the public's safety did not consider the Claimed Patient 

Population to be at increased risk of adverse events before Appellant's invention. 

2. Direct evidence that the etiology and pathophysiology of the Claimed Patient 

Population is clinically differentiated from the Prior Art Patient Populations so that it 

would not have been obvious to expect adverse events in the Claimed Patient Population in 

view of risks in the Prior Art Patient Populations. 

a. The record includes declaration testimony that the physiological reason 

that inhaled nitric oxide is dangerous for the first Prior Art Patient Population (i.e., neonates with 

L VD who are dependent on right-to-left shunting of blood) is that these neonates have a 

combination of cardiac anomalies that leaves their systemic circulation utterly dependent on a 

right-to-left flow of blood through a patent (open) ductus arteriosus; inhaled nitric oxide, by 

diverting blood to the lungs at the expense of the ductus arteriosus, can precipitate collapse of the 

systemic circulation and death in this particular population. 16 This issue of systemic circulatory 

collapse is wholly inapplicable to the Claimed Patient Population since, by definition, the latter 

patients are not dependent on right-to-left shunting of blood. 17 Accordingly, the lmown risk of 

adverse events in neonates dependent on right-to-left shunting of blood through a patent ductus 

arteriosus would not cause one to predict similar adverse events in the Claimed Patient 

Population. 18 The Examiner does not address these scientific facts and does not cite or rely on 

any evidence tending to contradict the conclusion that adverse events from inhaled nitric oxide in 

neonates dependent on right-to-left shunting of blood would be considered by those sldlled in the 

art to be irrelevant to the Claimed Patient Population. 

b. The record includes declaration testimony that LVD in the second Prior 

Art Patient Population (i.e., adults with LVD) results primarily from diastolic dysfunction 

caused by a stiff, non-compliant heart that cannot fill properly .19 This pathology is entirely 

different than that of neonates with L VD, who suffer primarily from systolic dysfunction 

resulting from a soft, flabby heart that cannot push blood out.20 The record further includes 

16 First Greene Dec. ,[,[13-14. 
17 Id. ~,[13-16. 
18 !d.~ 20. 
19 Jd. ~,[15-16. 
20 Jd. 
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express declaration testimony that, in light of these pathological differences, "the hemodynamic 

responses to pulmonary vasodilation by inhaled NO in children or neonates ... cannot be 

reasonably predicted from the hemodynamic responses to pulmonary vasodilation by inhaled NO 

of adults .... "21 Again, the Examiner does not address these scientific facts and does not cite 

or rely on any evidence tending to contradict the conclusion that adverse events from inhaled 

nitric oxide in this Prior Art Patient Population would not suggest to those skilled in the mi 

anything relevant with respect to the Claimed Patient Population. 

Unlike most cases considered by this Board, the record of this case includes an 

ove1whelming volume of highly pertinent factual evidence establishing that persons skilled in the 

art did not consider the claimed subject matter to be obvious at the time of Appellant's 

invention?2 In fact, the factual evidence contains evidence that leading expe1is considered this a 

stmiling discovery. 23 Further, the record includes declaration evidence explaining in detail the 

etiological and pathophysiological mechanisms underlying the conditions of the Prior Art Patient 

Populations and why those conditions fail to suggest an increased risk of adverse events in the 

Claimed Patient Population.24 In response, the Examiner cites no countervailing evidence and 

provides no alternative explanation that even attempts to establish any sort of etiological or 

pathophysiological linlc between the Claimed Patient Population and the Prior Art Patient 

Populations. It is not appropriate for the Examiner to substitute his own personal opinion 

without any evidence to the contrary. Accordingly, the rejection of the present claims under 

35 U.S.C. § 103 for obviousness should be reversed. 

21 Second Greene Dec. ,[ 22. 
22 See, e.g., Wessel Dec.~ 6; First Baldassarre Dec.~ 11; First Greene Dec.~ 17. 
23 W esse! Dec. ~ 9 ("it was unanticipated and surprising that children with left ventricular dysfunction who are not 
dependent on right-to-left shunting would be at increased risk"); First Greene Dec. ~ 21 ("Surprisingly and 
unexpectedly, severe adverse events ... were noted during the early phase of the study, and the study was stopped."); 
Second Baldassarre Dec.~ 12 ("unexpected serious adverse events (including at least one death) occurred during the 
course of the ... study" and "the study protocol was amended"). 
24 Second Greene Dec. ~ 22. 
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Inhaled nitric oxide is a pulmonary-specific vasodilator that has been 

administered for more than a decade to a total of over 300,000 critically ill patients at hospitals 

around the world to alleviate what can be life-threatening pulmonaty hypertension in neonates 

and other patients.25 Nitric oxide for inhalation was approved by FDA in December 1999, and is 

marketed under the trademark INOmax®.26 INOmax® is FDA-approved for term and near-term 

neonates (defined as > 34 weeks gestation) with hypoxic respiratory failure associated with 

clinical or echocardiographic evidence of pulmonary hypetiension, where it improves 

oxygenation and reduces the need for extracorporeal membrane oxygenation (ECM0).27 

2. The INOT22 Study 

Beginning in 2004, INO Therapeutics LLC ("INOT") sponsored a clinical trial 

fonnally entitled "Comparison of Supplemental Oxygen and Nitric Oxide for Inhalation Plus 

Oxygen in the Evaluation of the Reactivity of the Pulmonary Vasculature During Acute 

Pulmonary Vasodilatory Testing"28 and known as the INOT22 Study. The purpose of the study 

was to assess the safety and effectiveness of inhaled nitric oxide as a diagnostic agent in pediatric 

patients undergoing assessment of pulmonary hypertension (primary objective), and to confinn 

the hypothesis that inhaled nitric oxide is selective for the pulmonary vasculature (secondary 

objective).29 

As described in the First Baldassarre Declaration, "the INOT22 Study was an 

open, prospective, randomized, multi-center, controlled diagnostic trial, with an expected total 

enrollment of a minimum of 150 patients, in approximately 18 study sites in the US and Europe 

over approximately 2 years."30 "The expected patient population for enrollment into the INOT22 

Study were subjects between the ages of 4 weeks and 18 years with idiopathic pulmonaty arterial 

25 First Greene Dec. ,!8; CritiCally caring about CritiCal Care, http://www.slideshare.net/changezkn/critically
caring-about-critical-care (last visited Sep. 20, 2011). 
26 INOmax, http://inomax.com/about-ikaria (last visited Sep. 20, 2011 ). 
27 See the "Indications" section at the top of page 2 of the 2007 INOmax® insert. 
28 First Baldassarre Dec. ,!4. 
29 First Greene Dec. ,[18. 
3° First Baldassan·e Dec.~ 5. 
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hypertension, congenital heart disease with pulmonary hypertension and cardiomyopathies, and 

who were undergoing diagnostic right heart catheterization scheduled to include pulmonmy 

vasodilation testing to assess pulmona1y vasoreactivity."31 

The INOT22 Study was designed by the study sponsor, INOT, and a Steering 

Committee made up of internationally recognized expe1is in the field of pediatric heart and lung 

disease.32 

The Steering Committee consisted of: 

a. David L. Wessel, MD, presently Division Chief, Pediatric Critical Care 
MediCine at Children's National Medical Center, Washington, DC; 

b. Robyn J. Barst, MD, presently Professor Emeritus of Pediatrics and 
Medicine, Columbia University College of Physicians and Surgeons, New 
York; and 

c. Duncan J. Macrae, MD, presently Director, Pediatric Intensive Care, Royal 
Brompton Hospital, London, U.K.33 

The original exclusion criteria for the INOT22 Study did not exclude patients in 

the Claimed Patient Population (i.e., patents with pre-existing left ventricular dysfunction who 

are not dependent on right-to-left shunting of blood)?4 In particular, the original INOT22 Study 

protocol contained the following inclusion and exclusion criteria: 

31Jd.~6. 
32ld.~7. 
33 I d. ,r 8. 
34 Jd. ~ 11. 

Inclusion Criteria 

The patient must meet the following criteria: 

I. Have any one of the three disease categories: 

a. Idiopathic Pulmonmy Arterial Hypertension 

i. PAPm >25mmHg at rest, PCWP :'S I5mmHg, 
and PVRI > 3 u.nl or diagnosed clinically with no previous 
catheterization 

b. CHD [Congenital Heart Disease} with pulmonary 
hypertension repaired and unrepaired, 

i. PAPm > 25mmHg at rest, and PVRI > 3 u.m2 

or diagnosed clinically with no previous catheterization 

c. Cardiomyopathy 
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i. PAPm >25mmHg at rest, and PVRI > 3 u.m2 

or diagnosed clinically with no previous catheterization 

2. Scheduled to undergo right heart catheterization to assess 
pulmonmy vasoreactivity by acute pulmonmy vasodilation 
testing. 

3. Males orfemales, ages 4 vveeks to 18 years, inclusive. 

4. Signed IRBIIEC approved informed consent (and assent (( 
applicable). 

Exclusion Criteria 

The patient will be excluded from enrollment if any of the 
follmving are true: 

I. Focal pulmonary injlltrates on chest radiograph. 

2. Diagnosed with severe obstmctive or restrictive pulmonaJ)I 
disease that is significantly contributing to the patient's 
pulmonal)l hypertension. 

3. Received treatment with nitric oxide for inhalation within 30 
days prior to study initiation, are on other investigational 
medications, nitroglycerin, sodium nitroprusside, sildenafil, 
other PDE-5 inhibitors, or prostacyclin. 

4. Pregnant (urine HCG + ). 35 

The original INOT22 investigational plan and study protocol were reviewed and 

approved by the Institutional Review Board (IRB) and/or Independent Ethics Committee (IEC) 

at each of the 18 participating study institutions, including review by the principal investigator 

within each study institution.36 The original study protocol was also reviewed by expe1is at FDA 

and each National Health Authority (European equivalent to FDA) within the four European 

countries participating in the INOT22 Study: United Kingdom, France, Netherlands, and Spain.37 

In addition, INOT regularly requested input and scientific guidance on clinical trials, such as the 

INOT22 Study, from its own Scientific Advisory Board (SAB).38 

At no time did the study sponsor, any of the experts on the Steering Committee, 

any of the principal investigators, any of the IRBs, any of the IECs, any of the SAB members, 

35Id.~9. 
36 !d.~ 10. 
37 Second Greene Dec. ,126. 
38 Second BaldassatTe Dec. ~ 8. 
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any of the FDA experts, or any of the European Health Authority expe1is (altogether estimated to 

total at least 115 medical professionals) suggest that the exclusion criteria for the INOT22 Study 

protocol be amended to exclude the Claimed Patient Population.39 In other words, of the 

estimated 115+ medical professionals tasked with the duty to consider potential safety 

issues for INOT22 Study patients, none-not a single one-suggested there was a chance 

that inhaled nitric oxide might increase the likelihood of adverse events in the Claimed 

Patient Population.40 

Upon administration of inhaled nitric oxide to the first 24 subjects enrolled in 

INOT22, five serious adverse events were recorded - a rate much higher than expected based on 

prior clinical experience with inhaled nitric oxide. Each of these five serious adverse events 

(SAEs) was a cardiovascular event, such as pulmonary edema, cardiac arrest or hypotension (low 

blood pressure).41 

In February 2005, INOT and the Steering Committee convened to review the 

unexpected SAEs described above, and upon review and discussion, submitted a protocol 

amendment to FDA to thereafter exclude subjects from enrollment if they demonstrated an 

elevated pulmonary capillary wedge pressure (PCWP), defined within the study as subjects 

having a PCWP greater than 20 mmHg, a symptom of LVD. All study sites were notified 

immediately.42 

After conclusion of the study, analysis of the data revealed that modification of 

the exclusion criteria significantly reduced the rate of serious adverse events (including serious 

adverse events associated with heart failure). This analysis demonstrated that there were 5 SAEs 

among the first 24 subjects (i.e., those enrolled prior to amendment of the exclusion criteria), but 

only 2 SAEs among the next 80 subjects in the study (i.e., enrolled after amendment of the 

exclusion criteria). Fmiher analysis of the data showed that a total of four subjects had pre

existing L VD, and of these four, 50% experienced SAEs. Of the 120 subjects not found to have 

39 Id. 
40 ld. ~ 11. 
41 First Baldassarre Dec. ,112. 
42 Id. ~ 13. 
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evidence of LVD, only 4% experienced SAEs. This result was unexpected and came as a great 

surprise to those working on the study.43 

In light of this important and unexpected result, on February 25, 2009, INOT 

submitted a label supplement to the FDA seeking to amend the prescribing information for 

INOmax® to include a new warning statement for physicians stating that use of inhaled nitric 

oxide in patients with. LVD could cause serious adverse events, such as pulmonary edema.44 On 

August 28, 2009, FDA approved an INOmax® label supplement that included the following two 

new wamings: 

WARNINGS AND PRECAUTIONS 

Heart Failure: In patients with pre-existing left ventricular 
dysfimction, inhaled nitric oxide may increase puhnonm)' 
capillmy wedge pressure leading to pulmonmy edema (5.4). 

5 WARNINGSANDPRECAUTIONS 

5.4 Heart Failure: Patients who had pre-existing le.fi 
ventricular dysfunction treated with inhaled nitric oxide, even 
for short durations, experienced serious adverse events (e.g., 
pulmonmy edema).45 

Thereafter, similar warnings regarding this risk were added to the INOmax® label 

in Japan, Europe, Canada, and Australia. 46 

C. The Law of Obviousness 

Obviousness is a question of law based on underlying facts. 47 The facts to be 

considered in determining obviousness include: (i) the scope and content of the prior mi, (ii) the 

43 Jd. ~~ 14-15; See also Wessel Dec.~ 9. 
44 First Baldassarre Dec. ,[15. 
45 See, section 5.4 on page 2 and also the Wamings and Precautions section on page 1 of the revised prescribing 
information for INOmax®, filed with the September 17, 2010 Reply and included in the Evidence Appendix (ix) as 
Exhibit 10 (the "2009 INOmax® insert"). 
46 Second Greene Dec.~ 15. 
47 KSR Int 'I Co. v. Teleflex Inc., 550 U.S. 398, 427 (2007) (citing Graham v. John Deere, 383 U.S. 1, 17 (1966)). 
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differences between the prior art and the claims in issue, and (iii) the level of ordinary sldll in the 
. 48 pertment art. 

In maldng an obviousness determination, the examiner must consider the claimed 

invention as a whole and must view the references without using hindsight afforded by the 

claimed invention.49 Any rejection of a claim for obviousness must establish that there would 

have been a reason that would have prompted a person of ordinary sldll in the relevant field to 

cany out the claimed new invention. 5° As the Federal Circuit explained in W.L. Gore & Assocs., 

Inc. v. Garlock, Inc., "[t]o imbue one of ordinary skill in the ali with knowledge of the invention 

in suit, when no prior art reference or references of record convey or suggest that knowledge, is 

to fall victim to the insidious effect of a hindsight syndrome wherein that which only the inventor 

taught is used against its teacher."51 

Objective evidence demonstrating how those of ordinary skill in the ali viewed 

the subject matter of the invention is paliicularly probative on the question of obviousness.52 As 

noted in In re Kotzab: "A critical step in analyzing the patentability of claims pursuant to section 

103(a) is casting the mind back to the time of invention, to consider the thinldng of one of 

ordinaty skill in the art, guided only by the prior art references and the then-accepted wisdom in 

the field." 53 Facts demonstrating that an invention was "contrary to the accepted wisdom [are] 

'strong evidence of unobviousness. "'54 

"Evidence traversing rejections, when timely presented, must be considered by 

the examiner whenever present. ... Where the evidence is insufficient to overcome the rejection, 

the examiner must specifically explain why the evidence is insufficient. General statements such 

as 'the declaration lacks technical validity' or 'the evidence is not commensurate with the scope 

of the claims' without an explanation supporting such findings are insufficient."55 

48 KSR, 550 U.S. at 406; Graham, 383 U.S. at 17. 
49 Graham, 383 U.S. at 36. 
5° KSR, 550 U.S. at 418. 
51 721 F.2d 1540, 1553 (Fed. Cir. 1983). 
52 In re Hedges, 783 F.2d 1038, 1041 (Fed. Cir. 1986). 
53 217 F.3d 1365, 1369 (Fed. Cir. 2000) (internal citations omitted; emphasis added). 
54 Hedges, 783 F.2d at 1041. 
55 MPEP §716.01(B). 
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The Examiner is not free to simply disregard facts established in submitted 

declarations. Rather, "[f]acts established by rebuttal evidence must be evaluated along with the 

facts on which the conclusion of a prima facie case [of obviousness] was reached . . . ."56 

Moreover, "[ w ]hen prima facie obviousness is established and evidence is submitted in rebuttal, 

the decision-maker must start over .... An earlier decision should not [] be considered as set in 

concrete, and applicant's rebuttal evidence then be evaluated only on its knockdown ability."57 

D. Direct and Unrebutted Evidence of Record Establishes that the Claimed Invention 
was Not Obvious to those Skilled in the Art. 

The record includes unrebutted objective evidence demonstrating that, prior to 

applicants' invention, medical professionals working in the real world did not exclude the 

Claimed Patient Population from inhaled nitric oxide therapy. 58 As discussed below, this record 

evidence includes declaration testimony that, immediately prior to applicants' invention, over 

100 experts worldwide and the regulatory authorities of five countries considered what patient 

populations to exclude from the INOT22 Study and did not exclude the Claimed Patient 

Population from that study. 59 There are only two possible explanations for this fact: 

(1) The Examiner is wrong, and it would not have been 
obvious to exclude the Claimed Patient Population from 
inhaled nitric oxide therapy at the time the INOT22 Study 
protocol was designed; or 

(2) All of these 115+ experts and five regulatory 
authorities involved in the design of the INOT22 Study 
protocol committed malpractice and negligently put the 
lives of children at risk. 

It is respectfully submitted that the actions of those skilled in the art are more 

probative of obviousness than the alleged factual findings and inferences relied on by the 

Examiner in the Final Office Action. Those actions definitively demonstrate that excluding the 

Claimed Patient Population from inhaled nitric oxide therapy was not obvious to those skilled in 

the art at the time of Appellant's invention. 

56 MPEP §716.0l(d). 
57 In re Piesecki, 745 F.2d 1468, 1472 (Feel. Cir. 1984) (quoting In re Rinehart, 531 F.2d 1048, 1052 (C.C.P.A. 
1976)). 
58 First Baldassarre Dec. ,!~ 9-11. 
59 Second Baldassarre Dec. ~ 11. 
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1. Dr. David Wessel, senior author of the cited Art & Wessel reference, and 
over 115 other skilled persons reviewed the 1NOT22 Study protocol, and 
none of these experts predicted an increased risk of adverse events in the 
Claimed Patient Population 

Dr. David Wessel chaired the INOT22 Steering Committee that in 2005 designed 

the original protocol for the INOT22 Study.60 This same Dr. Wessel is the senior author of Atz 

& Wessel, a primary reference cited by the Examiner to support his obviousness rejection. 61 

As senior author of Atz & Wessel, Dr. Wessel was obviously well aware of that 

reference and its teachings. It is therefore telling that Dr. Wessel did not initially exclude the 

Claimed Patient Population from the INOT22 Study. As Dr. Wessel explains in his declaration, 

he did not exclude the Claimed Patient Population from the INOT22 Study because it was 

unanticipated at the time the protocol was first designed that "a child with left ventricular 

dysfunction who is not dependent on right-to-left shunting of blood [i.e., the Claimed Patient 

Population] would be at additional risk when treated with inhaled nitric oxide (iN0)."62 

Dr. Wessel was not alone in this conclusion. It was seconded by literally more 

than one hundred other medical professionals belonging to the IRBs and IECs at each of the 

18 medical institutions in the United States and Europe that participated in the study. Each of 

these IRBs and IECs reviewed the original INOT22 Study protocol design prior to study 

initiation and emollment. This included review by the principal investigator within each study 

institution. 63 

As described in the Second Baldassarre Declaration, FDA regulations require an 

Institutional Review Board (IRB) to comprise a group of professionals appropriately constituted 

and formally designated to review and monitor biomedical research involving human subjects.64 

In accordance with FDA regulations, an IRB has the authority to approve, require modifications 

in (to secure approval), or disapprove research. This group review serves an important role and 

responsibility in the protection of the rights and welfare of human research subjects and in 

ensuring that appropriate steps are taken to protect human subjects participating in clinical 

60 Wessel Dec.~ 5. 
61 ld. ~ 8. 
62 I d. ~ 6. 
63 Second Baldassarre Dec. ,l~ 8-11. 
64Jd. ~9. 
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research. An IRB must have at least five members, and each member must have enough 

expertise to make an informed decision on whether the research is ethical, the informed consent 

is sufficient, and the appropriate safeguards to protect patient safety have been put in place prior 

to starting a clinical trial.65 

In Europe, the analog of an IRB is an Independent Ethics Committee (IEC), an 

independent body consisting of healthcare professionals and non-medical members whose 

responsibility is to protect the rights, safety, and well being of human subjects involved in a 

clinical trial and to provide public assurance of that protection by expressing an opinion on a 

proposed clinical trial protocol, the suitability of the investigators, and the adequacy of facilities 

involved in a trial. Like an IRB, an IEC will review a clinical trial protocol with the intent of 

protecting patient safety prior to clinical emollment.66 

In sum, IRBs and IECs are composed of qualified medical professionals tasked 

with reviewing all clinical trial protocols proposed at their respective institutions and empowered 

to make or suggest changes to a given protocol that are deemed necessary to best ensure patient 

safety during the clinical trial. Naturally, any obvious safety concerns arising from a proposed 

clinical trial protocol will be identified by an IRB/IEC and the protocol vvi!l be amended to avoid 

obvious and unnecessary clinical risks. 67 If a given safety issue is not flagged by the reviewing 

IRB/IEC, it by definition is not obvious to the members of the IRBIIEC. 

In addition, the original INOT22 Study protocol was also separately reviewed by 

FDA and each national Health Authority within the four European countries pa1iicipating in the 

INOT22 Study (United Kingdom, France, Netherlands and Spain) prior to study initiation and 

emollment.68 INOT also regularly requested input and scientific guidance on clinical trials from 

its own Scientific Advisoty Board.69 In total, at least 115 individuals experienced in, and 

responsible for, the review of clinical trial protocols for patient safety reviewed the original 

INOT22 Study protocol prior to initiating the INOT22 Study.70 At no time did any of these 115+ 

members of the Steering Committee, INOT Advisory Board, IRBs, IECs, FDA or European 

65 ld. 
66 Id. ,[ 10. 
67 I d. ~,[ 9-10. 
68 ld. ,[ 8. 
69 ld. 
70 Jd. ~ 11 
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Health Authorities suggest that the Claimed Patient Population should be excluded from the 

study.71 

In response to this large body of direct evidence that numerous experienced 

medical professionals with a duty to protect the safety interests of clinical trial participants did 

not find it obvious to exclude the Claimed Patient Population from the INOT22 Study, the 

Examiner states only: 

Respectfully, none of Applicants arguments or Declarations are 
persuasive. The Examiner has carefully considered the 
Declarations of Dr. Wessel, Dr. Greene and Dr. Baldassarre as 
well as all remarks and arguments. However, the position of the 
Examiner remains immutable and the Examiner does not 
concede or acquiesce to any of Applicant's arguments, points or 
positions.72 

This sort of general statement that none of Appellant's declarations are persuasive 

is insufficient as a matter of law. 73 Where, as here, Appellant has demonstrated that persons 

skilled in the art and working in the real world in fact did not consider it obvious to withhold 

inhaled nitric oxide therapy from the Claimed Patient Population, it is the Examiner's burden to 

provide some credible explanation for this fact that is consistent with his obviousness rejection.74 

In other words, the Examiner must answer the following question: 

If, as the Examiner contends, it was obvious to withhold 
inhaled nitric oxide therapy from the Claimed Patent 
Population, why was the INOT22 Study protocol approved 
without excluding that population from the study? 

The Final Office Action provides no answer to this question. 

2. The claimed invention was not obvious to FDA or multiple other national 
Health Authorities. 

The original INOmax® drug labeling did not include a warning or exclusion 

for the Claimed Patient Population. Under the Food, Drug and Cosmetic Act (FDCA), FDA is 

71 See First Baldassarre Dec. ~ 11; Second Baldassarre Dec. ~ 11; Wessel Dec. ,[ 6. 
72 Final Office Action at 12. 
73 MPEP 716.01(B). 
74 Id. 
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charged with ensuring not only that dmgs are safe and effective/5 but also that their labels 

contain adequate directions for use, including appropriate disclosure of known safety issues.76 A 

dmg Sponsor, typically a pharmaceutical company, will work with FDA to design clinical trials 

for testing the safety and efficacy of any new, unapproved dmg (typically consisting of Phase 1, . 

2a, 2b and 3 clinical trials). Upon completion of the clinical trial process, the Sponsor will 

submit a New Dmg Application (NDA) to FDA to obtain marketing approval for a dmg within 

the U.S. The NDA will contain extensive and detailed data regarding the safety and efficacy of 

the dmg that the Sponsor obtained during its research and development. These data include the 

results of clinical trials, pharmacology and toxicology data, chemistry and manufacturing data, 

and proposed packaging and labeling information. Throughout the process, FDA and the 

Sponsor communicate through in-person meetings, telephone conferences, letters, e-mails, and 

faxes. 77 

Toward the end of the review process, FDA and the Sponsor negotiate the dmg's 

final package label.78 Each element of the label requires FDA approval, including the 

indications, dosing, directions for use, and safety infonnation. Once all the reviews are 

complete, the division director and/or the office director evaluate the reviews and make FDA's 

decision. 79 

Inhaled nitric oxide was approved as a dmg by FDA in December 1999, after 

extensive clinical study and FDA review.80 Upon approval, and up to the time the present 

invention was made, the INOmax® label81 contained language c01mnunicating, in pertinent part, 

the following general warnings and contraindication (emphasis added): 

75 The FDA was first given responsibility for ensuring the efficacy of prescription drugs under the 1962 Kefauver
Barris amendments to the Food, Drug, and Cosmetic Act, Pub. L. No. 87-781,76 Stat. 780 (1962) (codified as 
amended at 21 U.S.C. § 301 et. seq. (1998)). 
76 See FDCA, § 502(£) (codified as amended at 21 U.S.C. § 352(£) (1998)). 
77 21 C.F.R. § 312. 
78 21 C.F.R. § 201. 
79 21 C.F.R. § 314.105. 
80 2007 INOmax® Insert (describing in detail the three major clinical studies conducted during the INOmax® 
approval process). 
81 See, e.g., the 2007 INOmax® Insert at page 2, in the "Dosage and Administration," "Precautions" and 
"Contraindications" sections. 
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INOmax® should not be discontinued abruptly, as it may result 
in an increase in pulmonary arte~y pressure (PAP) and/or 
worsening of blood oxygenation (Pa02). 

Deterioration in oxygenation and elevation in PAP may also 
occur in children with no apparent response to INOmax .... 

Methemoglobinemia increases with the dose of nitric oxide. ... 
Following discontinuation or reduction of nitric oxide the 
methemoglobin levels returned to baseline over a period of 
hours .... 

INOma.:r: should be administered with monitoring for Pa02, 

methemoglobin and N02 .... 

INOmax® should not be used in the treatment of neonates 
known to be dependent on right-to-left shunting of blood. 

Thus, although the 2007 INOmax® insert (and predecessor INOmax® labels) 

included an express contraindication for one of the prior mt patient populations cited by the 

Examiner (i.e., neonates dependent on right-to-left shunting of blood), it did not include any 

warning or precaution with respect to the Claimed Patient Population, and in fact was entirely 

silent about the latter.82 

The Examiner makes no attempt to reconcile his obviousness rejection with 

FDA's failure to include in the original INOmax® labeling what the Examiner considers to be 

obvious safety infonnation. In fact, the Final Office Action does not address this evidence at 

all.83 

Neither FDA nor other National Health authorities reviewing the original 

protocol for the INOT22 Study suggested that the Claimed Patient Population should be 

excluded from this study. 84 Sponsors of clinical investigations are required to provide 

oversight to ensure adequate protection of the rights, welfare, and safety of human subjects and 

the quality and integrity of the resulting data submitted to FDA.85 Accordingly, the original 

INOT22 protocol was submitted to and approved by FDA prior to starting enrollment in the 

82 Id. After approval by FDA, INOmax® was also approved for use in Europe, Canada, Australia, Mexico and 
Japan by the National Health Authorities of those countries. Like the U.S. label, the original INOmax® drug labels 
in those countries did not contain any warning or precaution to refrain from administrating inhaled nitric oxide to the 
Claimed Patient Population. 
83 See generally Final Office Action. 
84 Second Baldassarre Dec. ~ 8. 
85 See general(v Responsibilities of Sponsors and Investigators, 21 C.P.R. § 312, subpart D; See also 
Responsibilities of Sponsors, 21 C.P.R. § 812, subpart C. 
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study.86 It was similarly submitted to and approved by the National Health Authorities of each 

country containing a clinical trial center participating in the INOT22 Study (United Kingdom, 

France, Netherlands and Spain).87 Not a single individual in any of these regulatory 

organizations suggested that administering inhaled nitric oxide to the Claimed Patient Population 

might lead to an increased risk of adverse events.88 

Again, the Examiner makes no attempt to reconcile his rejection with the actions 

of FDA and other National Health authorities that are entirely inconsistent with his obviousness 

rejection. In fact, the Final Office Action does not address this evidence at all. 

The FDA and multiple other National Health authorities amended the 

INOmax® drug labeling as a result of Appellant's invention.89 FDA does not take drug 

warnings lightly, and would not approve changes to a drug label that merely restate existing 

warnings.90 As outlined above in section VII.B.2, upon conclusion of the INOT22 Study and 

completion of the final study repmi, applicants discovered that the Claimed Patient Population 

was at increased risk for adverse events. Because this was an important and unexpected finding, 

INOT submitted a label supplement to the FDA on February 25, 2009, seeking to amend the 

prescribing information for INOmax® to include a warning statement for physicians.91 On 

August 28, 2009, FDA approved the INOmax® label supplement to include the following new 

information: 

WARNINGS AND PRECAUTIONS 

Heart Failure: In patients with pre-existing left ventricular 
dy5functiolt, inhaled nitric oxide may increase pulmonary 
capillaJ)l rvedge pressure leading to pulmonmy edema (5.4). 

5 WARNINGS AND PRECAUTIONS 

5.4 Heart Failure: Patients who had pre-existing left 
ventricular dy5jimction treated with inhaled nitric oxide, even 

86 Second Baldassan·e Dec. ,f8. 
87 Id. 
ss Id. 
89 First Greene Dec. ~ 22. 
90 Second Greene Dec. ,115. 
91 First BaldassaiTe Dec.~ 15. 
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for short durations, experienced serious adverse events (e.g., 
pulmonmJ; edema). 92 

Thereafter, similar warnings regarding the Claimed Patient Population were added to the 

INOmax® label in Japan, Europe, Canada and Australia.93 

The Examiner makes no attempt to reconcile his obviousness rejection with this 

record evidence that FDA and the Health Authorities modified the INOmax® label in response 

to Appellant's invention. In fact, the Final Office Action does not address this evidence at all. 

E. The Examiner's Rejection is Premised on Improper Fact Findings and 
Unwarranted Inferences Unsupported by the Prior Art 

The Examiner's rejection is based on four prior art references: the 2007 

INOmax® Insert, Atz & Wessel, Kinsella et al., and Lob et a1.94 From these references, the 

Examiner derives four alleged findings of fact. Reduced to their essence, these alleged facts are: 

1. The 2007 INOmax® insert would have taught persons sldlled in the art 

that, as a general matter, patients receiving inhaled nitric oxide are more likely to experience 

adverse events than those who do not.95 

- As discussed in more detail in Section VII.F.l. below, this 
alleged fact is both irrelevant and inaccurate. In a perfect 
world, all neonates would be born healthy and none would 
require any sort of medical treatment or be subject to the 
adverse events that often accompany such treatment. 
Given that some neonates do require iNO therapy, 
however, the question becomes whether there exist 
particular patient populations at increased risk of adverse 
events (as compared to the general population in need of 
such therapy) that should be excluded ji-Oln receiving the 
treatment. The present invention is directed to one such 
patient population. Moreover, contrmy to the Examiner's 
analysis, the study results reported in the 2007 INOmax® 
Insert do not indicate that patients treated with inhaled 

92 See 2009 INOmax® Insert; see also First Baldassarre Dec.~ 16. 
93 Second Greene Dec. ~ 15. 
94 Final Office Action at 3. 
95 Final Office Action at 4-6. 
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nitric oxide fared any worse than those treated with 
placebo. 

2. Atz & Wessel would have taught persons skilled in the art to expect 

adverse events from administration ofiNOmax® to patients with LVD.96 

- As discussed in more detail in Section Vll.F.2. below, this 
alleged fact is a gross overgeneralization and materially 
misleading. The pathologies that are associated with a 
dysfunctional left ventricle vary widely. Atz & Wessel 
mention only two of these pathologies, neither of which is 
applicable to patients belonging to the Claimed Patient 
Population. 

3. Kinsella et al. would have taught persons skilled in the mi that INOmax® 

should not be administered to patients with congenital anomalies or heart disease.97 

- As discussed in more detail in Section VII.F.3. below, this 
alleged fact is simply false. Inhaled nitric oxide therapy 
has been routinely and successfitlly administered to 
patients with congenital heart defects since its approval in 
1999 and continues to be administered to such patients 
today. 

4. Loh et al. would have taught persons skilled in the art that INOmax® 

should not be administered to patients with an elevated wedge pressure of 18 mm, a symptom of 

LVD.98 

-As discussed in more detail in Section Vll.F.4. below, this 
alleged factual finding (like the Examiner's second finding) 
is a severe overgeneralizatfon and materially misleading. 
Loh et a!. deal only vvith one type of LVD, a type that is 
inapplicable to patients belonging to the Claimed Patient 
Population. 

96 Final Office Action at 6-7. 
97 Final Office Action at 7-8. 
98 Final Office Action at 8-9. 
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Starting from these overbroad and flawed findings of fact, the Examiner infers 

that "it is no stretch of the imagination to exclude patients, including a neonatal patient that has 

pre-existing left ventricular dysfunction but is not known to be dependent on right to left 

shunting of blood from iNO therapy to reduce the risk of occurrence of one or more adverse 

events .... "99 

- Here again, the Examiner is simply wrong on the science. 
As discussed in more detail in Section VII. G. below, none 
of the prior art references relied on by the Examiner relates 
to the Claimed Patient Population, and those references 
would not teach or suggest to those skilled in the art that 
the Claimed Patient Population should be excluded from 
iNO therapy. 

F. The Examiner's Four "Findings of Fact" are Irrelevant and Inaccurate 

1. The Examiner's Finding of Fact #lmischaracterizes the 2007 INOmax® 
Insert and is wholly irrelevant to the patentability of the claimed subject 
matter 

The Final Office Action begins at pages 4-6 by pointing to disclosure in the 2007 

INOmax® Insert reporting results of early clinical trials in which inhaled nitric oxide was tested 

against placebo. This portion of the Final Office Action focuses on a table containing data 

regarding the frequency of certain adverse events observed with placebo and with inhaled nitric 

oxide in the so-called CINRGI clinical trial, followed by some quoted text regarding the NINOS 

trial. 100 Based on this, the Examiner assetis (emphasis in original): 

As can be seen in the Table, there is a higher percentage of 
Adverse events associated with iNO than the placebo in all 
categories .... This teaching fairly suggests that iNO increases the 
risk of adverse events over a broad variety of events above that 
of the placebo. Accordingly, the ordinary a1tisan understands 
that there is an increased risk of adverse events in administering 
iNO over that of a placebo. In other words, the administration of 
iNO increases the risk of adverse events in neonates and 
consequently the ordinmy artisan understands that bv not 
administering iNO the risk of occurrence of adverse events is 
reduced as shown by the Table above. From this piece of art, the 
Examiner can make the following reasonable conclusion: 

99 Final Office Action at 10. 
100 Id. at 5. 
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Finding of Fact #1: Administration of iNO is not without 
risk of adverse events. Inhaled NO increases the risk of 
adverse events in neonates and the corollary that exclusion of 
the patient from iNO, the placebo above, has a reduced risk 
of the the [sic) occurrence of adverse events from iN0.101 

Appellant respectfully disagrees with both the above characterization of the data 

disclosed in the 2007 INOmax® Insert and the significance the Examiner has apparently 

assigned to the data. It is rather puzzling that the Examiner has chosen to lead off with a 

reference on the basis of its alleged disclosure that giving a placebo instead of the drug will 

reduce the risk of occurrence of adverse events from the drug. No drug can be said to be 

"without risk of adverse events." If the Examiner's point is that a disclosure such as in the table 

makes it obvious to refrain from treating all patients with inhaled nitric oxide in order to reduce 

all risk of adverse events, then no one would ever treat any patient with inhaled nitric oxide, 

thereby eliminating all the adverse events. (Of course, many patients would then die from lack 

of treatment, or would be given ECMO treatment instead102 and would suffer the destructive 

adverse events routinely caused by that invasive procedure, but that aspect does not seem to have 

been factored into the Examiner's "finding of fact.") 

If instead the Examiner is trying to make the point that the disclosure in the 2007 

INOmax® Insert regarding adverse events contributes to an understanding that one should avoid 

giving inhaled nitric oxide to the Claimed Patient Population in particular, Appellant fails to see 

the connection. The cited table from the CINRGI trial and passage from the NINOS study says 

nothing about LVD, nor about pulmonmy edema, increased wedge pressure, or any other sort of 

adverse event now known to be associated with administering inhaled nitric oxide to the Claimed 

Patient Population. 103 Nothing suggests that the patients of the CINRGI trial who suffered the 

various adverse events listed in the table had an underlying condition related to LVD. Thus, 

even if the data in the table had been accurately characterized in the Final Office Action, they 

would not support the obviousness rejection. It is therefore almost superfluous to point out how 

101 /d. at 5-6. 
102 See VII.B.l. 
103 Final Office Action at 5. 
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the data from the CINRGI table and the NINOS study have been mischaracterized and 

misinterpreted. Appellant will nonetheless do so, to correct the record. 

First, Appellant draws the Board's attention to the actual words of the passage 

about the NINOS study quoted in the Final Office Action on page 5. This passage- says that 

"treatment groups were similar with respect to the incidence and severity" of several types 

of adverse events. 104 In other words, the group treated with inhaled nitric oxide fared the same 

as did the group treated with placebo, with respect to those types of adverse events. Despite this 

passage's unambiguous characterization of the data as demonstrating that inhaled nitric oxide 

was as safe as placebo (i.e., the "treatment groups were similar"), the Examiner inexplicably 

interprets it as supporting the opposite conclusion, saying "This teaching fairly suggests that 

iNO increases the risk of adverse events over a broad variety of events above that of the 

placebo."105 Appellant cannot fathom how the Examiner read the passage as suggesting any 

such thing. 

Second, the 2007 INOmax® Insert explicitly says that the table of adverse events 

in the CINRGI trial (i.e., the table pasted on page 5 of the Final Office Action) was limited to 

just those adverse events that were more common on INOmax® than on placebo. 106 There is 

therefore no significance to the fact emphasized in the Final Office Action that "all categories" in 

the table showed more adverse events with INOmax®-in fact, it is quite possible that there 

were several other undisclosed categories of adverse events that happened to show up in the trial 

as more common on placebo than on INOmax®, by random chance. The drafter of the label 

would have realized there was no point in presenting the latter categories on the label insert. 

Appellant notes that the differences between INOmax® and placebo as repmied in this table are 

in most cases trivial, and there is no discussion of whether they are statistically or medically 

significant. Notably, none of the listed adverse events was considered significant enough by the 

drafters of the 2007 INOmax® Insert and by FDA to warrant a warning or contraindication. 

Third, though the Final Office Action acknowledges on page 4 that in the NINOS 

trial, fewer neonates died when treated with inhaled nitric oxide than when treated with the 

104 2007INOmax® Insert at "Adverse Reactions" (emphasis added). 
105 Final Office Action at 5 (emphasis added). 
106 2007 INOmax® Insert (See the sentence on page 2 of the 2007 INOmax insert immediately above the table at the 
bottom of the left column). 
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control, this fact (and the fact that neonates treated with inhaled nitric oxide were less likely than 

control neonates to end up having to be put on ECMO to save their lives) is simply ignored in the 

Final Office Action's subsequent discussion about how one of ordinary sldll in the art would 

have considered it obvious to avoid all use of inhaled nitric oxide in all patients merely to avoid 

any adverse events. 107 

In sum, it is unclear why the Final Office Action has cited the 2007 INOmax® 

Insert at all. It would be logical to assume that any truly "obvious" risk to a defined subset of the 

target population of neonates would have been explicitly disclosed as a warning or 

contraindication on the 2007 INOmax® insert, just as the well-known risk to neonates dependent 

on right-to-left shunting of blood was disclosed. Since the 2007 INOmax® insert was entirely 

silent about any potential risk to the Claimed Patient Population, this document actually 

supports Appellant's position that the claimed methods would not have been obvious to one 

of ordinary sldll in the art at the time the invention was made. 

2. The Examiner's Finding of Fact #2 is a Gross Overgeneralization that 
improperly lumps together all patients that suffer from L VD into a single 
patient population 

The Examiner's second fact finding is based on the Atz & Wessel reference. 108 

The Final Office Action summarizes the Examiner's views with respect to this reference as 

follows: 

To summarize, the methods disclosed by Atz et al. are 
interpreted to mean: 

identifying a patient eligible for NO treatment; 

diagnosing/identifying if the patient has left ventricular 
dysfunction; 

excluding that patient with left ventricular dysfunction from 
treatment with NO but treating the patient with NO for other 
conditions discussed by Atz et al. with inhalation of NO thereby 
reducing the risk of adverse events associated with the medical 
treatment. 

107 Final Office Action at 5-6. 
108 I d. at 6-7. 

* * * 
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Finding of Fact #2: Adverse outcomes are known to occur to 
neonates treated with iNO that have pre-existing left 
ventricular dysfunction and consequently the art cautions 
against the use of iNO to such patients. 109 

This "finding of fact" does not accurately represent what Atz & Wessel actually 

disclose. Contrary to the Examiner's view, Atz & Wessel do not teach that all patients with left 

ventricular dysfunction (L VD) should be excluded from treatment with inhaled nitric oxide. 

Rather, as discussed below, Atz & Wessel disclose two separate and distinct patient populations 

that are subsets of L VD patients (neither of which overlaps with the Claimed Patient Population) 

who may be harmed in different ways when their pulmonary hypertension is reduced by 

treatment with inhaled nitric oxide. 110 

The Adult Population. The first patient population addressed by Atz & Wessel 

is adults suffering from L VD (the "Adult Population"). With respect to this population, Atz & 

Wessel state the following: 

In adults with ischemic cardiomyopathy, sudden pulmonary 
vasodilation may occasionally unload the right ventricle 
sufficiently to increase pulmonary blood flow and harmfully 
augment preload in a compromised left ventricle. The attendant 
increase in left atrial pressure may produce pulmonaty edema. 111 

As the Board will recognize, this disclosure is explicitly limited to adult patients 

and does not address the potential impact of inhaled nitric oxide on neonates. Contrary to the 

Examiner's contention, those skilled in the art would not have extrapolated from Atz & Wessel's 

disclosure concerning the Adult Population to a general caution conceming all patients with all 

forms of LVD. Rather, as thoroughly explained in the Second Greene Declaration, persons 

skilled in the art would have realized that Atz & Wessel's teachings about the L VD associated 

with ischemic cardiomyopathy in an adult are not applicable to other forms of L VD, such as the 

form of L VD that occurs in newborns. 112 

109 Id. at 7. 
110 Second Greene Dec.~~ 8-9. 
111 Atz & Wessel at 452. 
112 Second Greene Dec.~~ 8, 27. 
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As Dr. Greene explains in the First Greene Declaration, the hearts of the Adult 

Population are clinically distinct from the hearts of the Claimed Patient Population due to the 

fact that the etiology and pathophysiology of the left ventricular dysfunction present in the 

Claimed Patient Population is markedly different from what is present in the Adult Population. 

Left ventricular dysfunction comes in two broad types: systolic and diastolic. As detailed in 

paragraphs 15-16 of the First Greene Declaration, left-sided ventricular dysfunction in the 

Claimed Patient Population is generally associated with a soft, overly elastic heart that cannot 

push blood out, resulting in impaired emptying, i.e., systolic dysfimction. Conversely, in the 

Adult Population, left-sided ventricular dysfunction is generally ischemic or hypertensive in 

origin, and is associated with a stiff, non-compliant left ventricle that cannot fill properly, i.e., 

diastolic dysfimction. In addition, this population is inherently different than the Claimed Patient 

Population in that the Adult Population does not suffer from congenital heart disease. 113 Given 

these dramatic anatomical differences between adult L VD and neonate L VD, those skilled in the 

art do not consider L VD in adults as analogous to, or predictive of risks associated with, L VD in 

the Claimed Patient Population. 114 

Because of this important clinical and etiological distinction, one would have had 

no reason to expect an elevated risk of pulmonary edema or cardiac complications (or any other 

adverse event) when using inhaled nitric oxide in the Claimed Patient Population. For this 

reason, the Examiner's inference that Atz & Wessel's disclosure concerning the Adult 

Population would be read as a general warning concerning all patients with L VD is simply 

incorrect. 

The Shunt Reliant Population. The second patient population addressed by Atz 

& Wessel is neonates suffering from LVD that are reliant on right-to-left shunting of blood at the 

patent ductus arteriosus (the "Shunt Reliant Population").115 The Shunt Reliant Population is 

entirely distinct from the Claimed Patient Population, and the physiological reasons why inhaled 

113 Congenital heart disease is a problem with the heart's stmcture and function due to abnormal heart development 
before birth. "Congenital" means present at birth. National Heart Lung and Blood Institute, 
bl!r>://www.nhlbi.nib.gov/health/health-tQPics/topics/chd/. 
114 First Greene Dec. ,1,!15-16. 
115 Second Greene Dec. ,19. 
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nitric oxide is not recommended for use the Shunt Reliant Population are wholly different from 

the physiological reasons behind the claimed invention. 

With respect to the Shunt R~liant Population, Atz & Wessel disclose: 

A different but related phenomenon may be operative in the 
newborn with severe left ventricular dysfunction and pulmonary 
hypertension. In these patients, the systemic circulation may 
depend in part on the ability of the right ventricle to sustain 
cardiac output through a right-to-left shunt across the patent 
ductus arteriosus. Selective pulmonary vasodilation may redirect 
the right ventricular output to the lungs and away from the 
systemic circulation. Therefore, in newborns with severe left 
ventricular dysfunction, predominantly left to right shunting 
at the foramen ovale and exclusively right-to-left shunting at 
the ductus arteriosus, NO should be used with extreme 
caution, if at all. We and others have reported adverse 
outcomes in this circumstance. 116 

Imp01tantly, Atz & Wessel's "caution" regarding use of inhaled nitric oxide in neonates is 

explicitly limited to neonates who present with a combination of three conditions: 

Therefore, in newborns with severe left ventricular 
dysfunction, predominantly left to right shunting at the 
foramen ovale and exclusively right-to-left shunting at the 
ductus arteriosus, NO should be used with extreme caution, if 
at all. We and others have reported adverse outcomes in this 
circumstance. 117 

As explained by Dr. Wessel and Dr. Greene in their declarations, Atz & Wessel 

are not saying that treatment with inhaled nitric oxide poses a risk for a neonate who has just one 

of the three conditions; in fact, inhaled nitric oxide was routinely used to treat pulmonary 

vasoconstriction in neonates presenting with left ventricular dysfunction alone OR an open 

foramen ovale alone OR an open ductus mteriosus alone (and continues to be used to treat the 

latter two groups). 118 Rather, this disclosure in Atz & Wessel is directed to one pmticular 

circumstance where inhaled nitric oxide therapy should not be used, i.e., where the patient is 

dependent on right-to-left shunting. Note that the Atz & Wessel reference includes no 

116 Atz & Wessel at 452 (emphasis added). 
117 !d. 
118 Wessel Dec.~ 6-8; First Greene Dec.~ 12-13. 
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discussion whatsoever conceming neonates with LVD who do not have right-to-left shunting at 

the ductus arteriosus, so are not dependent on right-to-left shunting of blood (i.e., the Claimed 

Patient Population). 

To understand the significance of the Azt & Wessel disclosure about the Shunt 

Reliant Population and why it is not at all predictive of risks in the Claimed Patient Population, it 

is useful to review the physiology of these two distinct groups of neonates and the mechanism of 

inhaled nitric oxide's action in these patients. 

As explained by Dr. Greene, 119 constriction of pulmonary blood vessels to 

minimize blood flow through the lungs is a normal and beneficial phenomenon in a fetus in 

utero. Since the fetus' blood is oxygenated by the placenta, and not by the fetal lungs, there is no 

need for blood to circulate through the fetal lungs prior to birth. Thus, both the right and the left 

sides of the fetal heart are dedicated to pumping blood through the placenta and the systemic 

vasculature, mostly bypassing the blood vessels of the lungs. However, once the child is born 

and begins breathing air, there is necessarily a dramatic shift in blood circulation. The 

newborn's previously-constricted pulmonary vasculature normally will dilate at birth to permit 

blood to flow freely through his lungs, pumped by the right side of the hemt (the right atrium and 

right ventricle). After passing through the lungs and becoming oxygenated, the blood returns to 

the heart, where it enters at the left atrium and then is pumped by the left ventricle of the hemt to 

the rest of the body. 

For this shift in the circulation to take place properly after bilih so that the 

newbom can immediately rely on his lungs for oxygenation, it is essential that the constricted 

blood vessels of the lungs dilate. If instead, the pre-bi1th pulmonary vasoconstriction persists 

after bilih (a condition referred to as Persistent Pulmonary Hypetiension of the Newbom, or 

PPHN), the newbom will be unable to pump blood adequately through the blood vessels of his 

lungs because of the abnormally high vascular resistance in the lungs. In such a PPHN patient, 

blood is poorly oxygenated even though the patient is breathing nonnally, and he appears a 

characteristic dusky color, i.e., a "blue baby." Treatment with inhaled nitric oxide gas (a 

vasodilator specific for pulmonary blood vessels) instantly relaxes the constricted pulmonary 

119 First Greene Dec.~~ 8, 10-14. 
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b.lood vessels, allowing blood to flow more freely from the heart through the lungs and markedly 

improving the infant's overall oxygenation. The "blue baby" is transformed into a pink baby. 

Inhaled nitric oxide treatment has to a large extent supplanted the prior standard (and highly 

invasive) treatment for PPHN: extracorporeal membrane oxygenation, or "ECMO." In fact, one 

of the clinical trial end points described in the 2007 INOmax Insert was the reduction of 

initiation ofECMO in PPHN patients. 120 

Although treatment with inhaled nitric oxide has proven to be enormously 

beneficial to PPHN patients and other neonates with pulmonary hypertension, it was recognized 

early on that a particular subset of neonates with pulmonary hypertension may, because of their 

peculiar cardiac physiology, suffer fatal complications if they receive this therapy. This subset 

of neonates is identified in the 2007 INOmax Inse1t as those who are "dependent on right-to-left 

shunting of blood."121 The First Greene Declaration explains that this condition occurs in 

neonates who have a particular combination of congenital conditions including, in addition to 

pulmonary hypertension: (a) an open (or "patent") ductus arteriosis (a passageway between the 

right atrium of the heart and the systemic circulation that is supposed to close at bhth, when it is 

no longer needed); (b) a patent foramen ovale (a hole between the right and left atria that, like 

the ductus arteriosis, is supposed to close shortly after birth, when it is no longer needed); and 

(c) a dysfunctional left ventricle that is unable to handle its usual role of pumping blood through 

the systemic circulation. As noted by Dr. Greene, the pulmonary hype1tension and resulting high 

vascular resistance in the lungs of these infants means that the blood pressure in the right atrium 

of the hemt is kept abnormally high. This forces blood from the right atrium through the still

patent ductus mteriosis and directly into the systemic circulation, a situation known as "right-to

left shunting of blood." This blood entering the systemic circulation from the right atrium is 

partially oxygenated by vhiue of oxygenated blood leaking through the patent foramen ovale 

from the left to the right atrium and mixing with the deoxygenated blood normally in the right 

atrium. Because the dysfunctional left ventricle in these patients is not able to supply the 

systemic circulation with blood, the patients end up relying on this abnormal right-to-left 

shunting of blood to keep a life-sustaining level of pmtially oxygenated blood flowing through 

120 2007 INOmax Insert, page l, right column, first paragraph. 
121 Jd., page 2, left column, second paragraph ("Contraindications"). 
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their systemic circulation. If the right-to-left shunt ceases for any reason, and there is no 

compensating mechanism to supply blood to the systemic circulation, the result would be 

catastrophic: total systemic circulatory collapse-and death. In these infants, reducing 

pulmonary hypertension by treatment with inhaled nitric oxide will redirect blood flow from the 

right atrium into the lungs and away from the ductus arteriosus, cutting off the light-to-left shunt 

on which the patient desperately depends for survival. That is why this particular subset of 

pulmonary hypetiension patients (the Shunt-Reliant Population) has long been excluded from 

treatment with inhaled nitric oxide. See, paragraphs 10-14 of the First Greene Declaration. 

Thus, Atz & Wessel's teaching that the Shunt-Reliant Population should not be 

treated with inhaled nitric oxide reflects what was widely understood in the art years before the 

INOT22 Study. 122 In fact, an express contraindication for the Shunt-Reliant Population has been 

highlighted in the INOmax® label since the approval of the drug by FDA in December 1999,123 

and, of course, no such patients were admitted to the INOT22 Study. 124 It is absurd for the 

Examiner to suggest that the discovety resulting from the INOT22 Study that the Claimed 

Patient Population may experience an increased risk of adverse events (such as pulmonary 

edema) from treatment with inhaled nitric oxide therapy was somehow foreshadowed by Atz & 

Wessel's disclosure concerning the Shunt-Reliant Population, in whom inhalation of nitric oxide 

may trigger catastrophic systemic circulatmy collapse due to redirection of blood away from the 

patent ductus arteriosus on which this group of patients relies for survival. 

The differences in etiology and pathophysiology between the prior art and the 

claimed invention are summarized in the table below: 

Adult Population Shunt Reliant Population 

• Congestive Heart Failure • Dependent on right-to-left 

• Diastolic Dysfunction - stiff, shunting of blood through a 
non-compliant left ventricle patent ductus arteriosus 

• Heart Failure associated with 
Congenital Heart Disease 

• Systolic Dysfunction - soft, 
overly elastic heart 

122 First Greene Dec.~ 14. 
123 Second Greene Dec.,[ 10. See also 2007 INOmax® Insert§ 4. 
124 Second Greene Dec. ~ 11. 

Claimed Patient Population 

• No right-to-left shunting of 
blood 

• Hea1t Failure associated with 
Congenital Heart Disease 

• Systolic Dysfunction - soft, 
overly elastic heart 
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As noted by the Federal Circuit: "It is impermissible within the framework of 

section 103 to pick and choose from any one reference only so much of it as will support a given 

position to the exclusion of other parts necessmy to the full appreciation of what such reference 

fairly suggests to one sldlled in the a1i."125 Yet the Examiner has done exactly what the Court 

wams is impermissible: i.e., the Examiner has "picked and chosen" only the L VD aspect of Atz 

& Wessel's disclosure, excluding the rest of that reference's disclosure from his summmy and 

"Finding of Fact #2" and thereby entirely distorting what the reference says in a way that 

supports the rejection, but is plainly inaccurate. If, as the Examiner implies, the authors of Atz & 

Wessel had been aware that all patients with L VD (including neonates who are not dependent on 

a right-to-left shunting of blood through a patent ductus arteriosus) were at increased risk for 

adverse events when treated with inhaled nitric oxide, or even had suspected that would be the 

case, one would expect they would have mentioned it in their publication. The Examiner offers 

no rationale as to why Atz & Wessel failed to note this supposedly "obvious" risk to the Claimed 

Patient Population. 

Appellant's reading of the Atz & Wessel reference is supported by Dr. Wessel's 

Declaration of record. In particular, Dr. Wessel states that he and his co-author (Atz) "did not 

disclose or predict. .. that neonatal patients with left ventricular dysfunction who are not 

dependent on right-to-left shunting of blood [i.e., the Claimed Patient Population] would be at 

greater risk of adverse events."126 Dr. Wessel also declares that "it was unanticipated and 

surprising that children with left ventricular dysfunction who are not dependent on right-to-left 

shunting [i.e., the Claimed Patient Population] would be at increased risk of adverse events when 

administered iN 0. "127 

In particular, Dr. Wessel states: 

Neither the Atz et al. a1iicle that I co-authored, nor the 
medical literature or medical experience of which I was 
aware at the time, predict this risk. Instead, Atz et al. 
describes two distinct, independent precautions with 

125 Bausch & Lomb, Inc. v. Barnes-Hind/Hydrocurve, Inc., 796 F.2d 443,448 (Fed. Cir. 1986) (internal citations 
omitted). 
126 Wessel Dec.~,[ 7-8 (emphasis in original). 
127 Id. ~ 9. 
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respect to the use of iNO. First, with respect to adults, Atz 
et al., stated that iNO may be more effective in newboms 
than in older patients, and noted that it should be used with 
caution in adults with ischemic cardiomyopathy in whom a 
risk of pulmonary edema is a consideration (see page 452, 
left column). Second, with respect to neonates, we stated 
the well-known contraindication (currently found in the 
INOMAX® prescribing infonnation) that iNO should not 
be used in newboms dependent upon right-to-left shunting 
of blood across a patent ductus arteriosus to avoid 
circulatory collapse. What we did not disclose or predict 
was that neonatal patients with left ventricular dysfunction 
who are not dependent on right-to-left shunting of blood 
would be at greater risk of adverse events. 

It is ironic that my own publication would be cited to 
suggest that it would have been obvious to predict the 
adverse events and outcomes of the INOT22 Study when I, 
the senior author of Atz et al., failed to anticipate or predict 
these unexpected outcomes at the time I participated in 
drafting the original INOT22 Study protocol. If so, I would 
have been acting either negligently or intentionally to harm 
babies, and I most certainly was not. 128 

This evidence flatly contradicts the Examiner's unduly broad interpretation of 

what Atz & Wessel discloses, undermining the factual basis for the entire prima facie 

obviousness rejection. The Examiner does not explain why he does not find Dr. Wessel's 

evidence convincing on this point. In fact, the Final Office Action does not address the evidence 

at all. 

Thus, contrary to the Final Office Action's summary of Atz & Wessel quoted 

above, and contrary to the "Finding of Fact #2," Atz & Wessel does not teach, even by 

implication, that any and all patients diagnosed as having LVD, nor even all neonates diagnosed 

as having LVD, should be excluded from treatment with inhaled NO. In fact, it is clear that the 

waming in Atz & Wessel regarding excluding certain newborns is based solely upon their 

dependence on right-to-left shunt in conjunction with LVD (since that waming focuses on the 

128 Jd. ~ 7-8 (emphasis in original). 
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danger of abrogating the right-to-left shunt by redirecting blood to the lungs and away from the 

systemic circulation in these newboms ), and not because of the L VD itself. 

3. The Examiner's Finding of Fact # 3 is simply wrong and contrary to the 
!NOm ax® standard of care in iNO therapy 

The Final Office Action cites Kinsella et al. as allegedly teaching: 

[E]xcluding patients (premature neonates) from inhaled nitric 
oxide treatment if they have fatal congenital anomalies or 
congenital heart disease .... Since left ventricular dysfunction is a 
congenital heart disease ... and it would be pre-existing, then the 
methods of Kinsella et a!. intrinsically exclude this patient 
population from the method. 129 

From this teaching, the Examiner mistakenly derives the following finding of fact 

(emphasis in original): 

Finding of Fact #3: Neonates with fatal congenital anomalies 
or congenital heart disease are excluded from iNO therapy 
but those neonates who meet the criteria for therapy are 
provided iNO therapy. 130 

Once again, this fact finding significantly mischaracterizes the disclosure on 

which it is based. For example, the clinical trial that is the subject of Kinsella et al. did not study 

"neonates" in general, as implied by the Finding of Fact, but rather was limited to premature 

neonates - a patient population clinically distinct from the Claimed Patient Population. 131 Thus, 

the Examiner incorrectly implies that premature neonates ("preemies") of Kinsella et al. are the 

same as the Claimed Patient Population. Furthermore, Kinsella et al. studied only those 

premature neonates who had severe respiratory failure due to immature lungs and surfactant 

deficiency, rather than those suffering from pulmona1y hypertension. 132 The Kinsella et al. 

population is therefore distinctly different in a number of important ways from the term and 

near-term neonates suffering from pulmonary hype1iension who are the subject of the presently 

claimed methods. 

129 Final Office Action at 7. 
130 Id. at 8. 
131 Second Greene Dec. ,[17. 
132 Id. 
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Finding of Fact #3 also fails to take into account the highly salient fact that 

Kinsella et al. 's exclusion from the trial of those preemies that have fatal congenital anomalies or 

congenital heart disease was due to a reason entirely unrelated to a desire to reduce the risk of 

treatment-related adverse events, and so inelevant to the presently claimed methods. As 

explained in the Second Greene Declaration, the exclusion of patients from a clinical study may 

occur for a variety of reasons other than safety concerns.133 The exclusion criteria in the 

Kinsella et al. study were designed to eliminate variables (here, underlying potentially fatal 

conditions unrelated to the condition being studied) that would complicate interpretation of the 

trial results. The Second Greene Declaration explains this point as follows: 

133 Id. '1!18-20. 

For example, clinical trial inclusion and exclusion criteria are 
often chosen to define or restrict the study population in order to 
maximize homogeneity, thereby minimizing the presence of 
potentially confounding factors. This exclusion greatly 
facilitates the interpretation of the study results, and increases the 
soundness of the conclusions reached in the study. Accordingly, 
patients with background disease sufficiently severe to 
overwhelm or confound an expected treatment effect are 
systematically identified and excluded quite independently from 
considerations of anticipated safety or efficacy of the test article 
in this particular patient group. For example, patients with 
malignancy are often excluded from non-oncologic clinical 
trials, not because the test agents are unsafe, pose any specific 
risk in this population, or will not work, but rather because the 
clinical results will be confounded by the wholly unrelated 
effects of the underlying malignancy, thereby reducing the 
power of the clinical trial to answer a specific hypothesis 
regarding the test treatment. As a specific example, exclusion of 
patients with malignancy or advanced heart failure from 
cholesterol lowering trials does not imply that statins are unsafe 
or ineffective in these patients, but rather that their inclusion 
would confound the potential effects of statins on overall 
mortality or cardiovascular events. In the specific case of 
Kinsella et al., it is clear that one of ordinary skill in the art 
would understand that the patients having fatal congenital 
anomal[]ies or congenital heart disease were excluded not 
because of a suspected safety risk of treating these patients with 
inhaled NO (e.g., a risk of pulmonary edema), but rather solely 
because the inclusion of such patients would have made it much 
more difficult- if not impossible - for Kinsella et al. to interpret 
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the target outcomes of the study (i.e., would have "confounded" 
the results ). 134 

That Dr. Greene's above-described view of Kinsella et al. is the view that would 

be shared by those of ordinary sldll in the art upon reading that reference is clear from other 

objective evidence already of record. See, for example, the post-filing publication Fraisse & 

Wessel, "Acute pulmonary hypertension in infants and children: cGMP-related drugs." 135 The 

abstract of this article states: 

Inhaled nitric oxide is extremely efficacious in increasing cGMP 
and selectively reducing mean pulmonary arterial pressure in 
pediatric cardiac patients. It is considered standard treatment in 
most centers. 

This view of the value of inhaled nitric oxide for treating pediatric patients with congenital heart 

disease is confirmed in the body of the a1iicle, where the authors again state: 

[I]nhaled NO is extremely efficacious in selectively reducing 
mean pulmonary arterial pressure (PAP) in cardiac patients and 
is considered standard treatment inmost centers. 136 

These statements extolling the benefits of inhaled nitric oxide as being "extremely 

efficacious" and a "standard treatment" in pediatric cardiac patients, most of whom have 

congenital hemi disease, were made by the authors in 2010, eleven years after Kinsella et al. was 

published. If those of sldll in the art had read Kinsella et al. 's exclusion criteria to mean that 

infants with congenital heart disease in general should be excluded from treatment with inhaled 

nitric oxide for safety reasons, this treatment would ceriainly not have achieved its present status 

of a "standard treatment" for pediatric cardiac patients. The quoted statements from Fraisse & 

Wessel are cogent, objective evidence that the Final Office Action misinterpreted 

Kinsella et al. 's rationale for excluding congenital heart disease patients from their study and 

made an inaccurate assessment of how those of ordinary skill in the art would have understood 

134 Id. 
135 Pediatric Critical Care Med. 2010, Vol. 11, No.2 (Suppl.), pages S37-S40; originally made of record on July 8, 
2011, and now included in the Evidence Appendix (ix) as Exhibit 1·1. 
136 Id. at 837. 
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Kinsella et al. 's exclusion criteria. Properly interpreted, Kinsella et al. does not suppmt the 

present rejection at all. 

Moreover, as explained in the Second Greene Declaration, the patients included in 

the Kinsella et al. trial are differentiated from the term and near-tenn neonates of the present 

claims by age, etiology and pathophysiology. In particular, unlike the term and near-term 

neonates of the present claims, the preemies of Kinsella et al. suffer from severe respiratory 

failure due to immature lungs and surfactant deficiency, not pulmonary hypertension. Indeed, 

none of the premature neonates enrolled in Kinsella et al. suffered from pulmonmy hypertension. 

Thus, the patients included in Kinsella et al. are totally unrelated to the tenn and near-term 

neonates addressed in the present claims. 137 

Although the above arguments and evidence regarding Kinsella et al. were 

presented in the July 8, 2011 Reply, the Final Office Action unfortunately does not even address 

them, much less offer a rebuttal. It is therefore a mystery to Appellant as to why the Examiner 

did not find them persuasive. 

4. The Examiner's Finding of Fact #4 (Like Finding of Fact #2) is a Gross 
Overgeneralization 

The Final Office Action cites Loh et al. as allegedly teaching 

that inhaled nitric oxide in patients with left ventricular 
dysfunction may have adverse effects in patients with LV failure 
... Loh et a!. clearly teaches that patients with pulmonary artety 
wedge pressure .. . of greater than or equal to 18 mm Hg had a 
greater effect of inhaled NO due to the greater degree of reactive 
pulmonary hypertension present in such patients.. . . Loh et a!. 
state: "Since the degree of reactive pu!monmy hypertension is 
generally related to the severity of hemodynamic compromise in 
patients with LV failure, it might be anticipated that patients 
with more severe heart failure will have a more marked 
hemodynamic response to inhaled NO." Loh et a!. examined 
this prediction further and verified it. 

From this piece of art, the Examiner can make the following 
reasonable conclusion: 

137 Second Greene Declaration , 17. 
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Finding of Fact #4: Patients with a pulmonary capillary 
wedge pressure of greater than or equal to 18 mm Hg have a 
more marked hemodynamic response to inhaled NO which 
results in the finding that inhaled nitric oxide in patients with 
left ventricular dysfunction may have adverse effects in 
patients with LV failure. 138 

Like Fact Finding #2 above, this fact finding is misleading in that it does not 

specify that Loh et al. was talldng solely about adult patients with the adult form of L VD (i.e., 

diastolic dysfunction: a "stiff' left ventricle that cannot expand normally), a type of L VD that is 

entirely distinct from the L VD typically found in neonates (i.e., systolic dysfunction: a "flabby" 

left ventricle that expands readily, but is unable to contract normally). Loh et al. 's patients had 

class III or class IV (congestive) heart failure secondmy to left ventricular dysfunction from 

ischemic cardiomyopathy or idiopathic dilated cardiomyopathy.139 As explained by Dr. Greene, 

one cannot predict from Loh et al.'s observations in adults that there would have been any risk in 

the Claimed Patient Population, who typically have a ve1y different fom1 of L VD arising from 

ve1y different causes, and also have pulmonmy hypertension arising from very different causes 

than the pulmonmy hypertension seen in adults with the type of L VD studied by Loh et a1. 140 

Dr. Greene thoroughly describes the anatomic and etiologic differences between 

these two classes of patients, and then concludes: 

Therefore, the hemodynamic responses to pulmonary 
vasodilation by inhaled NO in children or neonates, without 
right-to-left shunting of blood, but with significant pulmonary 
hypertension and left ventricular dysfunction cannot be 
reasonably predicted from the hemodynamic responses to 
pulmona1y vasodilation by inhaled NO of adults with advanced 
atherosclerotic congestive heart failure and reactive neuro
humoral pulmona1y vascular constriction (with or without 
pulmonary hypertension) as described by Lob et a1. 141 

Given these specific physiological traits of Loh et al. 's Adult Population with 

congestive heart failure, those skilled in the mi would not consider Loh et al. 's teachings to 

138 Jd. at 8, emphasis in original. 
139 Second Greene Dec. ~ 22. 
14o Id. 
141 Id. 
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broadly cover all patients with L VD, and certainly would not consider those teachings to cover 

the Claimed Patient Population, with its entirely different pathology. 

The Final Office Action does not address Appellant's evidence of record 

regarding these clear and impmiant factual distinctions between the Adult Population and the 

Claimed Patient Population, much less explain why the Loh et al. reference continues to be cited 

against the claims despite Appellant's evidence of its irrelevance. 

G. The Examiner's Obviousness Rejection is Based on Flawed and Legally Improper 
Reasoning and Should be Reversed 

as follows: 

1. The prima facie obviousness case is fimdamentally flawed 

The Final Office Action summarizes the Examiner's view regarding obviousness 

It would have been obvious to one of ordina1y skill in the art at 
the time the claimed invention was made to perform the method 
of INOmax®, Atz et al., Loh et al., and Kinsella et al., and 
perform the method steps of instant claims 28-42 and produce 
the instant invention. 142 

Appellant does not understand this statement. The Examiner refers to "the 

method of INOmax®, Atz et al., Loh et al., and Kinsella et al." as though there exists one 

identifiable method disclosed collectively by the four cited references-which of course is not 

even close to the truth. Further, there is no way to imagine a single method that represents a 

compilation of the methods disclosed in the four references, since the references are directed to 

entirely different patient populations (term or near-term neonates, premature neonates, and 

adults) with different disease conditions characteristic ofthe different age groups, some of which 

involve pulmonary hypertension and some that do not. Accordingly, it is difficult to know what 

to make ofthe quoted statement. 

142 Final Office Action at 9 (emphasis added). 
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Having erroneously concluded that the four cited references disclose a single 

coherent method, the Examiner proceeds to explain the supposed motivation to perform that 

method: 

One of ordinaty sldll in the art would have been motivated to do 
this because: 

1) iNO has risk of adverse events as taught by INOmax®; 

2) if the neonate has left ventricular dysfunction (L VD), then 
Atz et al. clearly teach using extreme caution or not using NO at 
all in the treatment of patients with L VD which would also 
render obvious other forms of L VD not known to be dependent 
on right to left shunting of blood; and 

3) the art of Kinsella et al. establishes excluding certain patients 
(premature neonates) from inhaled nitric oxide treatment if they 
have fatal congenital anomalies or congenital heart disease. 143 

Appellant addresses in tum each of the three points quoted above. 

1) In Appellant's detailed discussion above of the 2007 INOmax® Insert, 

Appellant showed that this alleged conclusion is both inaccurate and irrelevant. The only 

adverse events that the reference clearly correlates with use of inhaled nitric oxide are in 

neonates dependent on right-to-left shunting of blood, 144 a subset of patients that does not 

overlap with the Claimed Patient Population. Moreover, if the Examiner is implying that a 

teaching regarding avoiding use of inhaled nitric oxide in one subset of patients makes it obvious 

to avoid use of inhaled nitric oxide in all patients, including those who could benefit from the 

treatment, Appellant believes it is sufficient to note the illogic of this position, given the 

acknowledged efficacy and life-saving ability of inhaled nitric oxide. 

2) As apparently recognized by the Examiner, neither of the two patient 

populations discussed in Atz & Wessel encompasses the Claimed Patient Population, nor does 

Atz expressly state that one should refrain from administering inhaled nitric oxide to the Claimed 

Patient Population due to an increased risk of adverse events. 145 Appellant has established above 

that Atz & Wessel's disclosure is in fact solely directed to two set, of patients: (i) the Adult 

143 Final Office Action at 9-10. 
144 2007 INOmax® Insert. 
145 Final Office Action at 9. 
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Population, and (ii) the Shunt-Reliant Population (the latter characterized as having a 

combination of three conditions: severe left ventricular dysfunction plus predominantly left to 

right shunting at the foramen ovale plus exclusively right to left shunting at the ductus 

arteriosus). 146 The Examiner has focused on just one of those three neonatal conditions (left 

ventricular dysfunction) and has chosen to ignore the fact that Atz & Wessel says that it is the 

combination of the three, and not just one, that should trigger caution in using inhaled nitric 

oxide in the Shunt-Reliant population (and further that it is the right-to-left shunt that is key to 

the risk in this population). The Examiner persists in his position on this point despite the fact 

that Appellant has provided evidence explaining how those of ordinaty skill in the art would 

have interpreted Atz & Wessel-including a declaration by Dr. Wessel himself-and objective 

evidence that physicians routinely used inhaled nitric oxide in L VD neonatal patients even after 

Atz & Wessel's publication date-clearly indicating they did not believe the danger to be 

"obvious." 

The Examiner here makes the entirely unwarranted assertion that what Atz & 

Wessel say about LVD in the context of the combination of the three conditions (i.e., in the 

context of dependence on right-to-left shunting of blood) "would also render obvious other forms 

of LVD not known to be dependent on right to left shunting of blood"147 (i.e., the Claimed 

Patient Population). No justification is offered for this assertion, though it is really the crux 

of the obviousness rejection. The Examiner simply deems it so. Appellant again points out that 

the contraindication for patients dependent on right-to-left shunting of blood is based on the 

danger of systemic circulatory collapse that would occur if the right-to-left shunt is bypassed, a 

danger that is not present in those patients who are not known to be dependent on right-to-left 

shunting of blood. Thus, one cannot logically extrapolate from what was taught in Atz & Wessel 

about neonates with the combination of three conditions that includes a right-to-left shunt, that 

other neonates with LVD who are not dependent on a right-to-left shunt should not get inhaled 

nitric oxide. 

3) Appellant has explained that the group of premature neonates excluded 

from the Kinsella et al. study were excluded because they suffered from a confounding condition 

146 Second Greene Dec. ,1,!8-9. 
147 Final Office Action at 10. 

Ex. 2007-1030



Applicant : 
Serial No. : 
Filed 
Page 

James S. Baldassarre et al. 
12/820,866 
June 22, 2010 
45 of 56 

Attorney's Docket No.: 26047-0003002 

unrelated to the condition Kinsella et al. sought to study. As a result, including these patients 

would have confounded the results of the study.148 There is no evidence that Kinsella et al. 

sought to exclude these patients due to a perception that the excluded patients were at particular 

risk of adverse events due to inhaled nitric oxide. Appellant has submitted evidence to show that 

neonates with congenital heart disease in fact are routinely treated with inhaled nitric oxide to 

alleviate their pulmona1y hypertension-in fact, this is considered a standard treatment for such 

patients (so long as they are not dependent on a right-to-left shunt), with no concerns expressed 

in the mt that just because they have congenital heart disease, they are at particular risk of 

adverse events due to the treatment. 149 Thus, one of ordinary skill in the mt would not have read 

Kinsella et al. as implying that patients with congenital heart disease should not be treated with 

inhaled nitric oxide because of a risk of adverse events. The Examiner has not explained why his 

reading of Kinsella et al. as being relevant to the present claims is not neutralized by the 

evidence supplied by Appellant. In fact, the Final Office Action does not even comment on any 

of the evidence supplied by Appellant, other than to dismiss it all as "not persuasive" and to 

opine that "Applicant has lost sight of the forest for the trees."150 This wholesale dismissal of 

Appellant's evidence is improper as a matter of law. 151 It is well established that "[Objective] 

evidence can often serve as insurance against the insidious attraction of the siren hindsight when 

confronted with a difficult task of evaluating the prior art."152 Such evidence "may be the most 

petiinent, probative, and revealing evidence available to aid in reaching a conclusion on the 

obvious/nonobvious issue."153 

The Final Office Action continues with the following statement: 

Thus it is simply no stretch of the imagination to exclude 
patients such as term or near tenn neonates with L VD and not 
known to be dependent on right to left shunting of the blood 
from inhaled nitric oxide therapy in order to avoid adverse 

148 Second Greene Dec. ,120. 
149 See, Fraisse & Wessel. 
15° Final Office Action at 13. 
151 MPEP 716.01(B) ("All entered ... declarations traversing rejections [must be] acknowledged and commented 
upon by the examiner ... [g]eneral statements such as 'the declaration lacks technical validity' or 'the evidence is not 
commensurate with the scope of the claims' [or 'Applicant has lost sight of the forest for the trees'] without an 
explanation supporting such findings are insufficient."). 
152 W.L. Gore &Assocs., Inc. v. Garlock, Inc., 721 F.2cl1540, 1553 (Feel. Cir. 1983). 
153 Id at 1555. 
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outcomes as taught by Atz et al. which intrinsically include all 
the adverse events recited by Applicant including pulmonary 
edema as discussed above. The ordinary artisan would err on the 
side of caution for the benefit of the patient. 154 

First, Appellant points out that the Examiner's "no stretch of the imagination" test is not the 

proper standard to be applied in an obviousness analysis. The question is not whether it is 

possible for the Examiner to imagine carrying out the claimed invention, but rather whether 

those of ordinary skill in the art at the time the invention was made would have considered the 

invention to be obvious. 155 "Resolution of this issue [of obviousness] entails a difficult process 

of turning back the clock to a time when the invention was made and asking what one of 

ordinary skill in the art might have tltought."156 Appellant has provided extensive evidence 

explaining, in physiological tenns, why one of ordinary skill in the art would not have expected 

that there was any particular risk of adverse events when giving inhaled nitric oxide treatment to 

the Claimed Patient Population. 157 Further, Appellant has provided extensive evidence 

demonstrating that, in fact, those of ordinaty sldll in the art-and even those considered highly 

expert in the mt-did not hesitate to treat the Claimed Patient Population with inhaled nitric 

oxide. 158 This is cogent evidence that those of sldll in the art did not, in fact, consider the risk to 

be "obvious." It is inconceivable that a physician, though recognizing as "obvious" an elevated 

risk in the Claimed Patient Population, would proceed to treat those patients anyway, in utter 

disregard of the risk. 

Notably, the last sentence of the above-quoted language from the Final Office Action 

actually suggests that the Examiner agrees with Appellant's position on this point. If it is true 

that "[t]he ordinary mtisan would err on the side of caution for the benefit of the patient,"159 and 

if the ordinary artisan understood that the safety risk of inhaled nitric oxide treatment in the 

Claimed Patient Population outweighed the possible benefit of giving the treatment to those 

neonates, then one would expect there to be concrete evidence in the art that practitioners did 

154 Final Office Action at 10 (emphasis added). 
155 See, e.g., 35 USC§ 103(a). 
156 Litton Systems, Inc. v. Honeywell, Inc., 87 F.3d 1559, 1566-1567 (Fed. Cir. 1996) (emphasis ;1dded). 
157 See, e.g., Second Greene Dec. ~ 22. 
158 Wessel Dec.~ 8; Second Baldassarre Dec.~ 11. 
159 Final Office Action at 10. 
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"err on the side of caution," avoiding giving inhaled nitric oxide to the Claimed Patient 

Population. In point of fact, all of the evidence of record is to the contrary. The risk to this 

subset of neonates was plainly not "obvious" to anyone at the time the invention was made-if it 

were, it would have been widely publicized and discussed in the literature, with warnings 

circulated to practicing physicians. 

As noted in In re Kotzab: "A critical step in analyzing the patentability of claims pursuant 

to section 103(a) is casting the mind back to the time of invention, to consider the thinking of 

one of ordinary skill in the art, guided only by the prior art references and the then-accepted 

wisdom in the fiehl." 160 Given that the "then-accepted wisdom in the field" was that there was 

no particular risk to the Claimed Patient Population, and the prior art does not say otherwise, it is 

clear that alTiving at the Examiner's determination of obviousness required the use of 

impermissible hindsight reconstruction of Appellant's invention, 161 despite the Examiner's 

protest to the contrary. 162 

Appellants submit that the prima facie obviousness case is so fundamentally 

flawed that it must be reversed. 

2. The Final Office Action fails to address Appellant's evidence and 
arguments of record, instead continuing to assert inappropriate 
inte1pretations of the cited references that are contrary to the evidence 

The Final Office Action states in conclusory fashion that "none of Applicants 

arguments or Declarations are persuasive,"163 but provides not the slightest clue as to why. The 

Final Office Action does inform Appellant that "the position of the Examiner remains 

immutable"164 (apparently a hint that it would be a waste of time to submit further evidence or 

160 217 F.3d 1365, 1369 (Fed. Cir. 2000) (internal citations omitted; emphasis added). 
161 Final Office Action at 12. 
162 KSR, 550 U.S. at 421 ("warning against a 'temptation to read into the prior art the teachings of the invention in 
issue' and instructing courts to guard against slipping into use ofhindsight."' (quoting Graham, 383 U.S. at 36)); 
Sensonics, Inc. v. Aerosonic Cm'p., 81 F.3d 1566, 1570 (Fed. Cir. 1996) ("To draw on hindsight knowledge of the 
patented invention, when the prior art does not contain or suggest knowledge, is to use the invention as a template 
for its own reconstruction-an illogical and inappropriate process by which to detem1ine patentability" (intemal 
citations omitted)). 
163 Final Office Action at 12. 
164 !d. Given the common dictionary definition of"immutable" as "fixed; not changeable," this is a rather alarming 
admission by the Examiner. Appellant submits that it is the responsibility of all US Patent and Trademark Office 
Examiners to consider all evidence in an unbiased manner and to be open to a change of position. 
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arguments) and notes, "Based on the preponderance of the evidence, the Examiner can only 

conclude based upon the facts and not impermissible hindsight reconstruction that the 

instant claims are not inventive."165 Appellant's evidence puts the presently claimed methods 

and the prior art into the context of real world facts showing how real physicians of skill in. the 

art truly viewed the claimed subject matter prior to the invention date. This real-world evidence 

should compel a conclusion ofnonobviousness. 166 Despite the Federal Circuit's requirement that 

such evidence be given "great weight,"167 the Examiner's above assessment of the 

"preponderance of the evidence"168 is made without a single word anywhere in the Final Office 

Action addressing the substance of Appellant's evidence. Appellant submits that the evidence of 

nonobviousness in fact far outweighs the nonexistent evidence of obviousness in this case, and 

easily overcomes the weak prima facie rejection set out in the Final Office Action. 

3. The Examiner's Rejection is Contrary to Common Sense 

As pmi of the "Response to Arguments" section, the Final Office Action 

constructs an obviousness analysis suggesting that the Examiner believes obviousness is based 

on what can be imagined, rather than on a real-world assessment of what sensible people of 

ordinary skill would have actually done. 169 This line of analysis begins with the assetiion, 

"Certainly, Applicant and the panel of experts must be aware of the adverse events associated 

with iNO therapy as provided by INOmax® insert. Inhaled NO is not without inherent risk of 

adverse events."170 The Final Office Action then again relies on the Examiner's novel "no 

stretch of the imagination" standard to posit that it is obvious to refrain from administering 

inhaled nitric oxide therapy to any neonate, regardless of the neonate's condition (even "foot 

fungus" or "polydactyly"), because by not administering the therapy to anyone, one would 

necessarily reduce the risk of occurrence of all adverse events. According to the Examiner: 

165 Id. (emphasis added). 
166 Panduit Cmp. v. Dennisonlvlfg. Co., 774 F.2d 1082, 1099 (Fed. Cir. 1985) ("The human, real world story in 
evidence ... not only reflects the inadequacy of the prior art, but compels a conclusion of nonobviousness of the 
claimed inventions in suit."). 
167 Rosemount, Inc. v. Beclananinstruments, Inc., 727 F.2d 1540, 1546 (Fed. Cir. 1984) ("The objective evidence, 
again composed of real world facts, is worthy of great weight ... "). 
168 Final Office Action at 12. 
169 !d. at 12-14. 
170 !d. at 12. 
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Consequently, the art as a whole paints a picture that patients, 
including neonates, are at risk of adverse events from iNO 
therapy even if the iNO therapy is beneficial in other aspects and 
it remains obvious to exclude patients, including neonates, from 
iNO therapy to reduce the risk of occurrence of such adverse 
events. 171 

That reasoning, which appears to be the fundamental basis for concluding that the 

present invention is obvious, is rather astonishing in that it suggests that real doctors treating real 

patients would consider it obvious to withhold all therapy from all patients, merely because the 

therapy was at some point reported to be associated with an adverse event-regardless of how 

beneficial the therapy is expected to be, regardless of how inconsequential the adverse event, and 

regardless of whether the adverse event was ever shown to be caused by the therapy or merely 

random chance. Since all drugs are associated with adverse events of some sort, this surprising 

view would effectively rule out all treatment of any patient with any drug, period. That the 

Examiner's purportedly "unwavering" position plainly does not reflect how real physicians 

behave hardly needs to be stated. One need only look to the fact that neonates in need of 

tr'eatment for pulmonary hypertension were and are routinely treated with inhaled nitric oxide 

(despite the table reporting various adverse events with inhaled nitric oxide and with placebo in 

the 2007 INOmax® Insert on which the Examiner relies) to realize that physicians did not 

consider it "obvious" to exclude all patients from treatment with inhaled nitric oxide in order to 

avoid any chance that any of these adverse events might occur. A conclusion of obviousness 

should, at the very least, take into account the presumably rational behavior of those of ordinary 

skill in the art. The Examiner's "no stretch of the imagination" theo1y of obviousness plainly 

fails that test. 

Appellant submits that whether or not it is "obvious" to exclude a given patient 

from a needed treatment depends on whether the risk of harm from an adverse event in that 

patient i.s believed to outweigh the potential benefit to the patient. One subset of neonates (the 

Shunt-Reliant Population) was well known in the art to be at high risk of serious adverse effects, 

and was explicitly identified as contraindicated in the prior art 2007 INOmax® Insert. It was 

ce1iainly obvious to exclude that subset of neonates from treatment with inhaled nitric oxide, as 

171 ld. at 14. 
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taught by the 2007 INOmax® Insert and by Atz & Wessel. The mi disclosed no other subsets of 

neonates in whom inhaled nitric oxide treatment posed an increased risk of adverse events. 

Contrary to the assertions in the Final Office Action about what would have been "in the realm 

of common sense,"172 it would not have been "common sense" for a physician to exclude any 

term or near-tenn neonate patient from a potentially life-saving treatment with inhaled nitric 

oxide without a legitimate medical justification for doing so. 

Appellant was the first to discover that there is a second subset of neonates, 

separate and distinct from the Shunt-Reliant Population, who are also at increased risk of serious 

harm from inhaled nitric oxide treatment, although an entirely different type of harm than 

observed in the Shunt-Reliant Population. In the Shunt-Reliant Population, the potential harm is 

systemic circulatory collapse due to loss of the right-to-left shunt on which these patients rely to 

support their systemic circulation. In the Claimed Patient Population, the potential harm has 

nothing to do with systemic circulatory collapse, but rather stems primarily from pulmonmy 

edema. 

Until Appellant's discovery was publicized, there was no reason whatsoever to 

deprive the Claimed Patient Population of potentially lifesaving treatment with inhaled nitric 

oxide. Further, all of the evidence of record indicates that those of ordinary skill in the art did 

not consider it "obvious" to refrain from treating neonates of the Claimed Patient Population 

with inhaled nitric oxide, since if they had considered this obvious, they would have done it. As 

noted by the Examiner, physicians are by nature conservative about putting their patients at risk. 

Any "obvious" or "predictable" risk of serious harm in an identified subset of patients would be 

avoided, not ignored-to do otherwise would be tantamount to medical malpractice. If those in 

the art had indeed understood from the cited references (all published prior to 1999) that the 

Claimed Patient Population should not be treated with inhaled nitric oxide, such an 

understanding would of course have been explicitly memorialized in clinical trial protocols and 

prescribing information long before the present invention, and clearly before the INOT22 Study. 

Appellant has provided objective evidence proving that none -not a single one- of the at least 

115 individuals from several institutions tasked with designing or reviewing and approving the 

172 !d. at 11. 
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original INOT22 Study protocol suggested there might be a particular risk to the Claimed Patient 

Population. The logical conclusion is that practitioners did not consider such an exclusion to be 

medically justified-i.e., not an "obvious" thing to do. 

VIII. Conclusion 

Appellant has established that the obviousness rejection is founded on 

fundamental misinterpretations of each of the four cited references, on an improper legal analysis 

that is contrary to the statute and the case law, and on a failure to give due consideration to any 

of Appellant's highly pertinent objective evidence, including concrete evidence that at least 

115 medical professionals of ordinary or even extraordinary skill in the art acted in a manner 

entirely inconsistent with what the Examiner (using his "no stretch of the imagination" standard) 

imagines to be "obvious." The Examiner's obviousness rejection should be reversed. 

The attached Claims Appendix (viii) shows the claims under appeal. 

The attached Evidence Appendix (ix) includes Exhibits 1-11. 

A Related Proceedings Appendix (x) is attached as required, but is empty. 

The appeal brieffee of$620 required by 37 C.F.R. § 41.20(b)(2) is being paid via 

the Electronic Filing System. Please apply any other necessary charges, or any credits, to 

Deposit Account No. 06-1050, referencing Attorney Docket No. 2604 7-0003002. 

Date: October 4 2011 

Customer Number 94169 
Fish & Richardson P.C. 
Telephone: (617) 542-5070 
Facsimile: (877) 769-7945 

22716254.doc 

Respectfully submitted, 

/Janis K. Fraser/ 
Janis K. Fraser, Ph.D., J.D. 
Reg. No. 34,819 
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(viii) Claims Appendix 

28. (New) A method ofreducing the risk of occurrence, in a term or near-term 

neonate patient, of one or more adverse events or serious adverse events associated with a 

medical treatment comprising inhalation of nitric oxide gas, said method comprising: 

(a) identifying a term or near-term neonate patient in need of inhaled nitric oxide 

treatment, wherein the patient is not known to be dependent on right-to-left shunting of blood; 

(b) determining that the patient identified in (a) has pre-existing left ventricular 

dysfunction; and 

(c) excluding the patient from inhaled nitric oxide treatment based on the 

detennination that the patient has pre-existing left ventricular dysfunction. 

29. (New) The method of claim 28, wherein the patient has pulmonary hypetiension. 

30. (New) The method of claim 28, wherein the patient has a pulmonary capillary 

wedge pressure that is greater than or equal to 20 mrn Hg. 

31. (New) The method of claim 28, wherein the patient is a term neonate. 

32. (New) A method of reducing the risk of occurrence, in a term or near-term 

neonate patient, of one or more adverse events or serious adverse events associated with a 

medical treatment comprising inhalation of nitric oxide gas, said method comprising: 

(a) identifying a term or near-term neonate patient in need of inhaled nitric oxide 

treatment, wherein the patient is not known to be dependent on right-to-left shunting of blood; 

(b) determining by diagnostic screening that the patient identified in (a) has pre-

existing left ventricular dysfunction; and 

(c) excluding the patient from treatment with inhaled nitric oxide based on the 

detennination that the patient has pre-existing left ventricular dysfunction. 

33. (New) The method of claim 32, wherein the diagnostic screening comprises 

echocardiography. 
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34. (New) The method of claim 32, wherein the patient has pulmonary hypertension. 

35. (New) The method of claim 32, wherein the patient has a pulmonary capillary 

wedge pressure that is greater than or equal to 20 mm Hg. 

36. (New) The method of claim 32, wherein the patient is a term neonate. 

37. (New) A method of reducing the risk of occurrence, in a plurality of term or near-

tenn neonate patients, of one or more adverse events or serious adverse events associated with 

medical treatment comprising inhalation of nitric oxide gas, said method comprising: 

(a) identifying a plurality oftenn or near-term neonate patients who are in need of 

inhaled nitric oxide treatment, wherein the patients are not known to be dependent on right-to

left shunting ofblood; 

(b) detennining that a first patient of the plurality has pre-existing left ventricular 

dysfunction and a second patient of the plurality does not; 

(c) administering the inhaled nitric oxide treatment to the second patient; and 

(d) excluding the first patient from treatment with inhaled nitric oxide, based on the 

detennination that the first patient has pre-existing left ventricular dysfunction. 

38. (New) The method of claim 37, wherein the first and second patients have 

pulmonmy hypertension. 

39. (New) The method of claim 37, wherein the second patient has congenital heart 

disease. 

40. (New) The method of claim 37, wherein the first patient has a pulmonary 

capillary wedge pressure that is greater than or equal to 20 mm Hg. 

41. (New) The method ofclaim37, wherein the first and second patients are term 

neonates. 
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42. (New) The method of claim 37, wherein determining that the first patient of the 

plurality has pre-existing left ventricular dysfunction and the second patient of the plurality does 

not have pre-existing left ventricular dysfunction comprises diagnostic screening. 
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IN 0 max® (nitric oxide> tor inhalation 
1 00 and 800 ppm {parts per million) 
DESCRIPTION 
INOmax (nitric oxide gas) Is a drug administered by Inhalation. Nitric 
oxide, the active substance In INOmax, Is a pulmonary vasodilator. I NOm ax 
Is a gaseous blend of nitric oxide and nitrogen (0,08% and 99.92%, 
respectively for 800 ppm; 0.01% and 99.99%, respectively for 1 oo ppm). 
INOmax Is supplied In aluminum cylinders as a compressed gas under 
high pressure (2000 pounds per square Inch gauge [pslgl). 
The structural formula of nitric oxide (NO) Is shown below: 

• * •• 
·N==O: 

CLINICAL PHARMACOLOGY 
Nitric oxide Is a compound produced by many cells of the body. It relaxes 
vascular smooth muscle by binding to the heme moiety of cytosollc 
guanylate cyclase, activating guanylate cyclase and Increasing lntracellu· 
lar levels of cyclic guanosine 3',5'-monophosphata, which then leads to 
vasodilation. When Inhaled, nitric oxide produces pulmonarY vasodilation. 
INOmax appears to Increase the partial pressure of arterial oxygen (Pa02) 

by dilating pulmonary vessels In better ventilated areas of the lung, redis
tributing pulmonary blood flow away from lung regions with low ventila
tion/perfusion (V/Q) ratios toward regions with normal ratios. 
Effects on Pulmonary Vascular Tone In PPHN 
Persistent pulmonary hypertension of the newborn (PPHN) occurs as a 
prJ mary developmental detect or as a condition secondary to other dis
eases such as meconium aspiration syndrome (MAS), pneumonia, sepsis, 
hyaline membrane disease, congenital diaphragmatic hernia (CDH), and 
pulmonary hypoplasia. In these states, pulmonary vascular resistance 
(PVR) is high, which results In hypoxemia s~condary to right-to-left shunt
Ing of blood through the patent ductus arteriosus and foramen ovale. In 
neonates with PPHN, INOmax Improves oxygenation (as Indicated by slg· 
nlflcant Increases In Pa02). 

PHARMACOKINETICS 
Tho pharmacokinetics of nitric oxide has been studied In adults. 
Uptake and Distribution 
Nitric oxide Is absorbed systemically after Inhalation. Most of It traverses 
the pulmonary capillary bed where It combines With hemoglobin that Is 
60% to 100% oxygen-saturated. At this level of oxygen saturation, nitric 
oxide combines predominantly with oxyhemoglobin to produce methemo
globin and nitrate. At low oxygen saturation, nltrlc oxide can combine with 
deoxyhemoglobin to transiently form nltrosylhemoglobln, whlcll Is con
verted to nitrogen oxides and methemoglobin upon exposure to oxygen. 
Within the pulmonary system, nitric oxide can combine with oxygen and 
water to produce nitrogen dioxide and nitrite, respectively, which Interact 
with oxyhemoglobin to produce methemoglobin and nitrate. Thus, the end 
products of nitric oxide that enter the systemic circulation are predomi
nantly methemogloblil and nitrate. 
Metabolism 
Methemoglobin disposition has been Investigated as a function of time 
and nitric oxide exposure concentration in neonates with resplmtory fail
ure. The methemoglobin (MetHb) concentration-time profiles during the 
first 12 hours of exposure to o, 5, 20, and 80 ppm INOmax are shown In 
Figure 1. 

Figure 1 
Methemoglobin Concentration· Time Profiles 
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Hc>Urs of INOmax Administration 

Methemoglobin concentrations Increased during the first 8 hours of nitric 
oxide exposure. The mean methemoglobin level remained below 1% In the 
placebo group and in the 5 ppm and 20 ppm INOmax groups, but reached 
approximately 5% In the 80 ppm INOmax group. Methemoglobin levels 
> 7% were attained only in patients receiving 80 ppm, where they com
prised 35% of the group, The average time to reach poak methemoglobin 
was 1 o d: 9 (SD) hours (median, 8 hours) In these 13 patients; but ono 
patient did not exceed 7% until 40 hours. 
Elimination 
Nitrate has been ldontlflod as the predominant nitric oxide metabolite 
excreted in the urine, accounting for > 70% of the nitric oxide dose 
inhaled. Nitrate Is cleared from the plasma by the kidney at rates 
approaching the rate of glomerular filtration. 
CLINICAL TRIALS 
The efficacy of INOmax has been investigated In term and near-term new
borns with hypoxic respiratory failure resulting from a variety of etiolo
gies. Inhalation of INOmax reduces the oxygenation Index (OI=o me<~n air· 
W<~y pressure In em H20 x fraction of Inspired oxygen concentration [FIO.J 
x 100 divided by systemic arterial concentration In mm Hg [Pa02]) and 
Increases Pa02 (See CLINICAL PHARMACOLOGY). 

- Exhibit 1 
NINOS study 
The Neonatal Inhaled Nitric Oxide study (NINOS) group conducted a double
blind, randomized, placebo-controlled, multicenter trial In 235 neonates with 
hypoxic respiratory failure. The objective of the study was to determine 
whether Inhaled nitrlc oxide would reduce the occurrence of death and/or 
Initiation of extracorporeal membrane oxygenation (ECMO) In a prospective
ly defined cohort of term or near-term neonates with hypoxic respiratory fail
ure unresponsive to conventional therapy. Hypoxic respiratory failure was 
caused by meconium aspiration syndrome (MAS; 49%), pneumonia/sepsis 
(21%), Idiopathic primary pulmonary hypertension of the newborn (PPHN; 
17%), or respiratory distress syndrome (RDS; 11 %). Infants S:14 days of age 
(mean, 1.7 days) with a mean Pa02 of 46 mm Hg and a mean oxygenation 
Index (Ol) of 43 em H20 I mm Hg were Initially randomized to receive 100% 
02 wlth (n=o114) or without (n=o121) 20 ppm nl1rfc Ol<lde for up to 14 days • 
Response to study drug was defined as a chango from baseline In Pa02 30 
minutes after starting treatment (full response "' >20 mm Hg, partial "' 
1D-20 mm Hg, no response "'<10 mm Hg), Neonates with a less than full 
response were evaluated for a response to 80 ppm nl1rfc oxide or control 
gas. The primary results from the NINOS &'iudy are presented 111 Table 1. 

Table 1 
summary of Clinical Results from NINOS study 

Control NO P value 
(n=121) (n=114) 

Death or ECMO*,t 77 (64%) 52 (46%) 0.006 
Death 20 (17%) 16 (14%) 0,60 
ECMO 66 (55%) 44 (39%) 0.014 

* Extracorporeal membrane oxygenation 
't Death or need for ECMO was the study's primary end point 
Although the Incidence of death by 120 days of age was similar In both 
groups (NO, 14%; control, 17%), significantly fewer Infants In the nitric 
oxide group required ECMO compared with controls (39% vs. 55%, p = 
0.014). The combined Incidence of death and/or Initiation of ECMO showed 
a significant advantage for the nitric oxide treated group (46% vs. 64%, p 
= 0.006). The nltrlo oxide group also had significantly greater Increases In 
Pa02 and greater decreases In the 01 and the alveolar-arterial oxygen gra
dient than the control group (p<0.001 for all parameters). Significantly 
more patients had at least a partial response to the Initial administration of 
study drug In the nitric oxide group (66%) than the control group (26%, 
p<0.001). Of the 125 Infants who did not respond to 20 ppm nitric 
oxide or control, similar percentages of NO-treated (18%) and control 
(20%) patients had at least a partial response to 80 ppm nltrlc oxide 
for Inhalation or control drug, suggesting a lacK of additional benefit 
for the higher dose of nitric oxide, No Infant had study drug discon
tinued for toxicity. Inhaled nitric oxide had no detectable effect on 
mortality. The adverse events collected In the NINOS trial occurred at 
similar Incidence rates In both treatment groups (See ADVERSE 
REACTIONS). Follow-up exams were performed at 18-24 months for 
the Infants enrolled In this trial. In the Infants with available fallow-
up, the two treatment groups were similar with respect to their men· 
tal, motor, audlologlc, or neurologic evaluations. 
CINRGI study 
This study was a double-blind, randomized, placebo-controlled, mul- -
tlcenter trial of 186 term and near-term neonates with pulmonary --
hypertension and hypoxic respiratory failure. Tile primary objective of ~ 
the h'iudy was to determine whether IN Om ax would reduce the receipt -
of ECMO In these patients. Hypoxic respiratory failure was caused by --
MAS (35%), Idiopathic PPHN (30%), pneumonia/sepsis (24%), or RDS 
(8%). Patients with a mean Pa02 of 54 mm Hg and a mean 01 of 44 em 
H,o I mm Hg were randomly assigned to receive either 20 ppm 
INOmax (11=97) or nitrogen gas (placebo; n=89) In addition to their 
ventilatory support. Patients who exhlbltsd a Pa02 >60 mm Hg and a 
pH < 7.55 were weaned to 5 ppm INOmax or placebo. The prlmary 
results from tho CINRGI study are presented In Table 2. 

Table 2 
summary of Clinical Results from CINRGI study 

Placebo I INOmax I P value 

ECMO*,t 51/89 (57%) I 30/97 (31%) I <0.001 
Death 5/89 (6%) I 3/97 (3%) I 0.48 

* Extracorporeal membrane oxygenation 
i' ECMO was the primary end point of this study 
Significantly fewer neonates In the INOmax group required ECMO com
pared to the control group (31% vs. 57%, P<0.001). While the number of 
deaths were similar In both groups (INOmax, 3%; placebo, 6%), the com· 
blned Incidence of death and/or receipt of ECMO was decreased In the 
IN Om ax group (33% vs. 58%, p<0.001). 
In addition, the INomax group had significantly Improved oxygenation as 
measured by Pa02 , 01, and alveolar-arterial gradient (p<0.001 for all 
parameters). Of the 97 patients treated with INOmax, 2 (2%) were with
drawn from study drug due to methemoglobin levels >4%. The fmquency 
and number of adverse events reported were similar In the two study 
groups (See ADVERSE REACTIONS). 
AROS study 
In a randomized, double·bllnd, parallel, multicenter study, 385 patients 
with adult respiratory distress syndrome (ARDS) associated with pneumo
nia (46%), surgery (33%), multiple trauma (26%), aspiration (23%), pul
monary contusion (18%), and other causes, with Pa02/Fl0 2 <250 mni Ho 
despite optimal oxygenation and ventilation, received placebo (n=193) or 
INOmax (n=o192), 5 ppm, for 4 hours to 28 days or until weaned because 
of Improvements in oxygenation. Despite acute Improvements In oxy
genation, there was no effect of INOmax on the primary endpoint of days 
alive and off ventilator support These results were consistent with out
come data from a smaller dose ranging study of nitric oxide (1.25 to 80 
ppm). INOmax Is not Indicated for use In ARDS. 
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INDICATIONS 
INOmax, In conjunction with ventilatory support and other appropriate 
agents, Is Indicated for the treatment of term and near-term (>34 weeks) 
neonates with hypoxic respiratory failure associated with clinical or 
echocardiographic evidence of pulmonary hypertension, where It 
Improves oxygenation and reduces the need for extracorporeaJ membrane 
oxygenation. 
CONTRAINDICATIONS 
JNOmax should not be used In tile treatment of neonates known to be 
dependent on right-to-left shunting of blood. 
PRECAUTIONS 
Rebound 
Abrupt discontinuation of INOmax may lead to worsening oxygenation and 
Increasing pulmonary artery pressure. 
Methemoglobinemia 
Methemoglobinemia Increases with the dose of nitric oxide. In tho clinical 
trials, maximum methemoglobin levels usually were reached approxi
mately 8 hours after Initiation of Inhalation, although methemoglobin lev
els have peaked as late as 40 hours following Initiation of INOmax thera
py. In one study, 13 of 37 (35%) of neonates treated with INOmax 80 ppm 
had methemoglobin levels exceeding 7%. Following discontinuation or 
reduction of nitric oxide the methemoglobin levels returned to baseline 
over a period of hours. 
Elevated N02 Levels 
In one study, N02 levels wore <0.5 ppm when neonates were treated with 
placebo, 5 ppm, and 20 ppm nitric oxide over the first 48 hours. The BO 
ppm group had u mean peak N02 level of 2.6 ppm. 
Drug Interactions 
No formal drug-Interaction studies have been performed, and a clinically 
significant Interaction with other medications used In the treatment of 
hypoxic respiratory failure cannot be excluded based on the available 
data. INOmax has been administered with tolazollne, dopamine, dobuta
mlne, steroids, surfactant, and high-frequency ventilation. Although there 
are no study data to evaluate the possibility, nitric oxide donor com
pounds, Including sodium nitroprusside and nitroglycerin, may have an 
additive affect with INOmax on the risk of developing methemogloblne- ' 
mia. An association between prllocalne and an Increased risk of methe
moglobinemia, particularly In Infants, has specifically been described In a 
literature case report This risk Is present whether the drugs are adminis
tered as oral, parenteral, or topical formulations. 
Carcinogenesis, Mutagenesis, Impairment of Fertility 
No evidence of a carcinogenic effect was apparent, at Inhalation expo
sures up to the recommended dose (20 ppm), In rats for 20 hr/day for up 
to two years. Higher exposures have not been investigated. 
Nitric oxide has demonstrated genotoxlclty In Salmonella (Ames Test), 
human lymphocytes, and after in vivo exposure In rats. There are no ant
mal or human studies to evaluate nitric oxide for effects on fertility. 
Pregnancy: category c 
Animal reproduction studies have not been conducted with INOmax. It Is not 
known If INOmax can cause fetal harm when administered to a pregnant 
woman or can affect reproductive capacity. INOmax IR not Intended for adults. 
Nurslno Mothers 
Nitric oxide Is not indicated for use In the adult population, Including nurs
ing mothers. It Is not known whether nitric oxide Is excreted In human milk. 
Pediatric Use 
Nitric oxide for Inhalation has been studied In a neonatal population (up to 
14 days of age). No Information about Its effectiveness In other age pop
ulations Is available. 
ADVERSE REACTIONS 
controlled studies have Included 325 patients on IN Om ax doses of 5 to 80 
ppm and 251 patients on placebo. Total mortality In the pooled trials was 
11 o/o on placebo and 9% on JNOmax, a result adequate to exclude INOmax 
mortality being more than 40% worse than placebo. 
In both the NINOS and CINRGI studies, the duration of hospitalization was 
similar In JNOmax and placebo-treated groups. 
From all controlled studies, at least 6 months of follow-up Is available for 
278 patients who received INOmax and 212 patients who received place· 
bo. Among these patients, there was no evidence of an adverse effect of 
treatment on the need for rehospltaiJzaUon, special medical services, pul
monary dlsaase, or neurological sequelao. 

---

In the NINOS study, treatment groups were similar with raspectto tha 
Incidence and severity of Intracranial hemorrhage, Grade IV hemor
rhage, perlventrlcular Jeukomalacla, cerebral Infarction, seizures 
requiring anticonvulsanttherapy, pulmonury hemorrhage, or gastroin
testinal hemorrhage, 
The table below shows adverse events with an Incidence of at least 
5% on IN Om ax In the CINRGI study, and that were moro common on 
INOmax than on placebo, 

ADVERSE EVENTS IN THE CINRGI TRIAL 

Adverse Event Placebo (n=B9) Inhaled NO (n=97) 

Hypotension 9 (10%) 13 (13%) 
Withdrawal 9 (10%) 12 (12%) 

Atelectasis B (9%) 9 (9%) 

Hematuria 5 (8%} B (8%) 

Hyperglycemia 6 (7%) B (8%) 

Sepsis 2 (2%) 7 (7%) 

Infection 3 (3%) 6 (8%) 

Stridor 3 (3%) 5 (5%) 

Cellulitis 0 (0%) 5 (5%) 

OVEl\DOSAGE 
Overdosage with INOmax will be manifest by elevations In methemoglo
bin and N02 • Elevated N02 may cause acute lung Injury. Elevations In 
methemoglobinemia reduce the oxygen delivery capacity of the circula
tion. In clinical studies, N02 levels >3 ppm or methemoglobin levels >7% 
were treated by reducing the dose of, or discontinuing, INOmax. 
Methemoglobinemia that does not resolve after reduction or discontinua
tion of therapy can be treated with Intravenous vitamin c, Intravenous 
methylene blue, or blood transfusion, based upon the clinical situation, 
POST-MARKETING EXPERIENCE 
The following adverse events have been reported as part of the post-mar
keting surveillance. These events have not been reported above. Given the 
nature of spontaneously reported post-murketlng surveillance data, It Is 
Impossible to determine the actual Incidence of the events or definitively 
establish their causal relationship to tho drug. The listing Is alphabetical: 
dose errors associated with the delivery system; headaches associated 
with environmental exposure of INOmax In hospital staff; hypotension 
associated with acute withdrawal of the drug; hypoxemia associated wtth 
acute withdrawal of the drug; pulmonary edema In patients with CREST 
syndrome. 
DOSAGE AND ADMINISTRATION 
Dosage 
The recommended dose of INOmax is 20 ppm. Treatment should be main
tained up to 14 days or until the underlying oxygen desaturatlon has 
resolved and the neonate Is ready to be weaned from IN Om ax therapy, 
An Initial dose of20 ppm was used In the NINOS and CINRGI trials. In CJN
RGI, patients whose oxygenation improved with 20 ppm were dose
reduced to 5 ppm es tolerated at the ond of 4 hours of treatment. In the 
NINOS trial, patients whose oxygenation failed to Improve on 20 ppm 
could be Increased to 80 ppm, but those patients did notthon Improve on 
the higher dose. As the risk of met11emogloblnemia and elevated N02 lev
els increases significantly when INOmax Is administered at doses >20 
ppm, doses above this level ordinarily should not be used, 
Administration 
Additional therapies should be used to maximize oxygen delivery. In 
patients with collapsed alveoli, additional therapies might Include surfac-
tant and high-frequency oscillatory ventilation. . 
The safety and effectiveness of Inhaled nitric oxide have been established 
In a population receiving other therapies for hypoxic respiratory failure, 
Including vasodilators, Intravenous fluids, bicarbonate therapy, and 
mechanical ventilation. Different dose regimens for nitric oxide were used 
In the clinical studies (see CLINICAL TRIALS), 
INOmax should be administered with monitoring for Pa02, methemoglo
bin, and N02 • 

The nitric oxide delivery systems used In the clinical trials provided oper
ator-determined concentrations of nitric oxide In the breathing gas, and 
the concentration was constant throughout the respiratory cycle. INOmax 
must be delivered through a system with these characteristics and which 
does not cause generation of excessive Inhaled nitrogen dioxide. The· 
INOvent"" system and other systems mooting those criteria wera used In 
the clinical trials. In the ventilated neonate, precise monitoring of Inspired 
nitric oxide and N02 should be Instituted, using a properly calibrated 
analysis device with alarms. The system should be calibrated using a pre
cisely de1lned calibration mixture of nitric oxide and nitrogen dioxide, such 
as INOcal ... Sample gas for analysis should be drawn before the Y·plece, 
proximal to the patient Oxygen levels should also be measured. 
In the event of a aystom failure or a wall-outlet power failure, a backup 
battery power supply and reserve nitric oxide d"llvery system should be 
available. 
The INOmax dose should not be discontinued abruptly as It may result In 
an Increase In pulmonary artery pressure (PAP) and/or worsening of blood 
oxygenation (PaOJ. Deterioration In oxygenation and elevation In PAP may 
also occur In children with no apparent response to INOmax. 
Discontinue/wean cautiously. 
HOW SUPPLIED 
INOmax (nitric oxide) Is available In tho following sizes: 
Size D Portable aluminum cylinders containing 353 liters at STP of 

nitric oxide gas In 800 ppm concentration In nitrogen (delivered 
volume 344 liters) (NDC 64693·002-01 ) 

Size o Portable aluminum cylinders containing 353 liters at STP of 
nitric oxide gas in 1 oo ppm concentration In nitrogen (delivered 
volume 344 liters) (NDC 64693-001-01 ) 

Size 8B Aluminum cylinders containing 1963 liters at STP of nitric oxide 
gas In 800 ppm concentration In nitrogen (delivered volume 
1918 liters) (NPC 64693·002-02) 

Size 88 Aluminum cylinders containing 1963 liters at STP of nitric oxide 
gas In 100 ppm concentration In nitrogen (delivered volume 
1918 liters) (NOC 64693-001·02) 

Store at 25"C (77"F) with excursions permitted between 15-30"C 
(59-86"F) [see USP Controlled Room Temperature]. 
Occupational Exposure 
The exposure limit sot by the Occupational Safety and Health 
Administration (OSHA) for nitric oxide Is 25 ppm, and for N02 the limit Is 
5 ppm. 
CAUTION 
Federal Jaw prohibits dispensing without a proscription. 

INO Therapeutics 
6 Route 173 West 
Clinton, NJ 08809 
USA 
<!l> 2007 JNO Therapeutics SPC-0303 V:3.0 
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Exhibit 2 

Inhaled Nitric Oxide in the Neonate With 
Cardiac Disease 
Andrew M. Atz and David L. Wessel 

As a selective pulmonary vasodilator, inhaled nitric oxide is an important diagnostic and therapeutic 
agent for the treatment of pulmonary hypertension in patients with cm1genital heart disease, Among 
400 patients treated in our center with nitric oxide, 37% were newborns. Hemodynamic benefit was 
shown in newborns with total anomalous pulmonary venouS connection, in those with congenital 
mitral stenosis, and in postoperative patients with preexisting left to right shunts and other lesions. 
It can be used to help discriminate anatomic obstruction to pulmonary blood flow from pulmonary 
vasoconstriction, and it may be used in the treatment or prevention of pulmonary hypertensive crises 
after cardiopulmonary bypass. However, 11one of the purported benefits of inhaled nitric oxide in 
children with congenital heart disease have been studied in a randomized, placebo-controlled manner. 
Capyright © 1997 by W.B. Saunders Company 

Pulmonary Hypertension and Congenital 
Heart Disease . 

Prevalence 

A mong causes of infant mortality in the 
· United States, congenital anomalies ac
count for the largest diagnostic category, and 
structural heart disease leads the list of congeni
tal malformations.1 Approximately one third of 
pediatric intensive care admissions are for chil
dren with cardiovascular disorders. 2 Compared 
with the number of adults with coronary and 
rheumatic heart disease, the number of Ameri
cans with congenital heart disease is relatively 
small, but one quarter of this number are suffi
ciently affected by the disease to require inter
vention within the first month oflife.3 The num
ber of neonates with pulmonary hypertensive 
disorders further complicating their congenital 
heart disease is difficult to precisely quantity, but 
likely represents about 25% of those who require 
early intervention. 4 Their severity of illness, de
mand on resources, and the previously limited 
success of therapeutic options have focused at
tention on this population of patients, 

Importance 

Pulmonary hypertension is often a crucial factor 
in determining the timing or type of interven
tion, and has been invoked as the primary deter
minant of mortality in many lesions.s.o The as
sessment of pulmonary vascular reactivity forms 
an important part of the preoperative and post
operative management of patients with congeni-

tal heart disease. A fixed elevation in pulmonary 
vascular resistance may deny them the chance of 
corrective surgery with the subsequent develop
ment of progre~sive obliterative pulmonary vas
cular disease and severely reduced life-expec
tancy, Children with congenital heart disease arc 
frequently cyanotic and have multiple intracar
diac shunts, often coexisting with varying de
grees of right or left ventricular outflow tract 
obstruction. Intravenous vasodilators with their 
attendant risks of hypotension and increased in
trapulmonary shunt may be not only hazardous, 
but yield results that confound analysis of the 
reactivity of the pulmonary vascular bed. 

The Neonate With Congenital Heart 
Disease 

Effects of Cardiopulmonary Bypass 

Only a few years ago, it was considered heretical 
that a child with congenital heart disease should 
be electively repaired with a single primary pro-

From the Division of Cardiac ltilenslvc Care, Department of Cardiof,. 
ogy, Children's Hospital and the DejJartnumts of Pediatrics and 
Anesthesia, Haroard Medir.al School, Bost1m, MA. 
Supported in part by a grant from the United Statos Food and Drug 
Administration, and ar1 award from the National Imtitules of Child 
Health and Human Development and the Research Endawment of 
Childrm ~' Hospita~ 
Address reprint requests to David L. Wesse~ MD, Cardiac lGU 
Office, Farlf:J 653, Children's Hospita~ 300 Longwood Ave, Bosltm; 
.MA 02115. 
Copyright @ 1997 by WB. Saunders C<>mf)(my 
0146-0005/97/2105"0008$05.00/0 
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cedure during the first few days of life using car
diopulrnonary bypass. Criticism of this approach 
focused not only on the technical capabilities 
of the surgeon, but on the adverse effects of 
cardiopulmonary bypass on the neonatal myo
cardium. Furthermore, concerns existed that se
vere pulmonary hypertension, activated by car
diopulmonary bypass, would compromise 
postoperative hemodynamic stability. Today, sur
gical correction of congenital heart disease, in 
contrast to palliation with shunts or pulmonary 
artery bands, has been extended to the neonate; 
surgical correction is emerging as the preferred 
approach to many defects in most major cen
ters. 7•

8 However, perioperative care of the new
born and infant does require an appreciation of 
the relative intolerance of the immature myocar
dium to increased afterload. The right ventricle 
must face the potential challenges of the transi
tional pulmonary circulation rendered ischemic 
and reactive by cardiopulmonary bypass, while 
simultaneously coping with impaired ventricular 
function caused by the adverse effects of bypass. 
Aside from the consequences of cardiopulmo
nary bypass, aortic cross-damp time, routine use 
of deep hypothermia and cardioplegia solutions, 
many congenital heart defects ( eg, tetralogy of 
Fallot, truncus arteriosus, pulmonary atresia) re
quire a right ventriculotomy as part of the repair. 
Thus, it is imperative that one minimize right 

· ventricular afterload during the early postopera
tive hours while the ischemic-reperfusion injury 
transiently depletes myocardial reserve and car
diac output normally declines.9 

Causes of Pulmonary Hypertension 

The neonatal pulmonary vasculature may be ex
tremely labile. Remodeling of the vessel wall, 
functional maturation of the endothelial cell, 
differentiation of the smooth muscle cell, release 
of vasoactive mediators, and vessel recruitment 
all contribute to the successful transition from 
fetal to neonatal pulmonary circulation. The 
child with congenital heart disease and pulmo
nary hypertension has abnormal postnatal vessel 
remodeling.10 Prolonged exposure to high pul
monary blood flow under conditions of high 
pressure will accelerate the pathological progres
sion to less reversible states. Thus early surgical 
repair has been advocated to prevent later pul
monary vascular obstructive disease. 11

•
12 Neona

tal cardiac surgical repair achieves earlier and 

more normal pulmonary vascular maturation. It 
seems. to reduce but not abolish the incidence 
of problematic postoperative pulmonary hyper
tension.12 

Several factors attributable to cardiopulmonary 
bypass may raise pulmonary vascular resistance: 
microemboli, platelet aggregation, complement 
activation, pulmonary leukosequestration, excess 
thromboxane and endothelin production, atelec
tasis, and hypoxic pulmonary vasoconstriction 
among others. Furthermore, prior data would sug
gest that preoperative conditioning of the pulmo
nary vascular bed, perioperative vasospastic stim
uli, increased postoperative adrenergic tone, 
along with damage to the pulmonary endothe
lium likely combine to increase pulmonary vascu
lar resistance after cardiopulmonary bypass. The 
effect may be insidious, expressed over several 
hours as low cardiac output and right heart fail
ure, or more acutely as pulmonary hypertensive 
crises. Pulmonary hypertensive crises are dramatic 
events that threaten the life of an infant despite 
a good surgical repair. 13

•
14 In such situations, the 

pulmonary artery pressure increases to systemic 
or suprasystemic levels, the systemic blood pres
sure falls and the arterial oxygen saturation de
creases. In a report of a series from one large 
center, half of the postoperative cardiac children 
who had pulmonary hypertensive crises died dur
ing their hospitalization.4 

Inhaled NO: Measuring the Response 

The first investigations of pulmonary vasodila
tion with NO in adults were quickly followed by 
several clinical reports of inhaled NO aimed at 
the transitional circulation of the newborn and 
children with congenital heart disease. Success
ful clinical trials of inhaled NO have been con
ducted among patients with persistent pulmo
nary hypertension of the newborn (PPHN) .15

•
16 

However, direct measurement of pulmonary ar
tery pressure is rarely undertaken in patients 
with PPHN or in other forms of neonatal respira
tory failure. Effects of NO treatment on pulmo
nary hypertension may be inferred from changes 
in systemic oxygenation only when hypoxia re
sults from right to left shunting across the ductus 
arteriosus or foramen ovale. Even then, oxygen
ation is an indirect and ambiguous measure of 
the effect of treatment on pulmonary vascular 
resistance. The analysis is further confounded 
when severe pulmonary parenchymal disease 
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coexists with pulmonary hypertension .. In this 
setting, systemic oxygenation may improve with 
inhaled vasodilators by enhancing ventilation
perfusion matching.11 Pulmonary artery pressure 
is often monitored directly in the neonate and 
infant with congenital heart disease. This popu
lation affords us a unique opportunity to directly 
record the hemodynamic effects of initiation 
and withdrawal of inhaled NO. 

Clinical Studies 

We will review the current literature regarding 
the use of inhaled NO in congenital heart dis
ease, focusing on neonates. We first present stud
ies that used nitdc oxide as a means to identity 
endothelial dysfunction resulting from cardio
pulmonary bypass and then suggest how NO may 
benefit cardiac patients with combined problems 
of pulmonary hypertension and acute respira
tory failure. We will review its therapeutic utility 
in peri operative patients with pulmonary hyper
tension, and its use as a diagnostic tool to distin
guish between neonates with reactive pulmonary 
vasoconstriction and those with right ventricular 
hypertension resulting from anatomic obstruc
tion to pulmonary blood flow. We will also ex
plore its use and limitations in patients with sin
gle ventricle physiology and discuss potential 
adverse effects as pertains to cardiac disease. Fi
nally, we will consider the potential benefits of 
longer-term administration of NO to facilitate 
growth and remodeling of the abnormal pulmo
nary vasculature in unusual fonns of idiopathic 
pulmonary hypertension identified in early in
fancy. 

Age Distribution 

By 1997, we had studied the clinical response to 
inhaled NO in more than 400 patients at a single 
center. Nearly two-thirds of these patients exhib
ited pulmonary hypertension associated with 
congenital heart disease. Thirty-seven percent 
were younger than 1 month of age and the ma
jority were less than 1 year (Fig 1), reflecting the 
bias toward early surgical repair of congenital 
heart defects at Children's Hospital, Boston 7 and 
the perceived benefit of NO for PPHN. 

Endothelial DysfWlction After 
Cardiopulmonary Bypass 

Pulmonary vascular endothelial dysfunction con
tributes to post-cardiopulmonary bypass pulmo-

nary hypertension. The degree of pulmonary hy
pertension correlates with the extent of damage 
to the pulmonary endothelium after cardiopul
monary bypass. Reactivity of the pulmonary vas
cular bed is related to the presence and degree 
of preoperative pulmonary hypertension, magni
tude of preoperative left to right shunts, and 
duration of bypass. On cardiopulmonary bypass, 
pulmonary blood flow is supplied only by the 
vasovasorum via the bronchial circulation, which 
may be inadequate to prevent ischemic damage 
to the endothelium and subsequently compro
mise endogenous production of nitric oxide. We 
hypothesized that transient pulmonary vascular 
endothelial cell dysfunction could be shown in 
neonates and older children by documenting 
the loss of endothelium dependent vasodilation 
during the immediate postoperative period. 

We recorded hemodynamic variables after a 
2-minute infusion of the endothelium depen
dent vasodilator, acetylcholine, at a concentra
tion of 1o-6M and after inhalation of the endo
thelium-independent smooth muscle relaxant, 
NO inhaled at80 parts per million (ppm).18 The 
two agents were compared in patients with pul
monary hypertensive congenital heart disease 
before and after surgical repair on cardiopulmo
nary bypass. Plasma levels of cyclic GMP were 
measured before and after acetylcholine and NO 
administration. Puhnonaryvasodilation to acetyl
choline was present preoperatively but attenu
ated postoperatively, while response to inhaled 
nitric oxide was present both preoperatively and 
postoperatively, Baseline mean pulmonary artery 
pressure decreased 27% ± 4% preoperatively 
but only 9% ± 2% postoperatively with acetyl
choline. However, after the attenuated response 
to acetylcholine was shown, postoperative inhala
tion of NO immediately lowered mean pulmo
nary artery pressure by 26% ± 3% (Fig 2). Simi
larly, baseline pulmonary vascular resistance 
decreased 46% ± 5% in preoperative patients, 
but declined only 11% ± 4% in postoperative 
patients with acetylcholine. Inhalation of NO 
after acetylcholine infusion lowered pulmonary 
vascular resistance postoperatively by 33% ± 4%. 
This suggested that the functional integrity of 
the smooth muscle was intact in the presence of 
endothelial dysfunction resulting from cardio
pulmonary bypass. Elevated pulmonary vascular 
resistance from atelectasis, microemboli, platelet 
plugging of vessels or other fixed obstructive 
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processes could not be invoked as the cause of 
the blunted response to acetylcholine because 
resistance decreased so dramatically with NO. 
Plasma levels of cGMP in postoperative patients 
were unchanged after acetylcholine, but in· 
creased more than threefold during pulmonary 
vasodilation with NO. This finding was consistent 
with the purported role of cGMP as the second 
messenger effecting smooth muscle relaxation. 

-40 

-50 

Newborn 
$7% 

t5 Ys'ars 
12% 

Figure 1. Age analysis of 
405 consecutive patients 
who received inhaled NO at 
Children's Hospital, Bos
ton. 

This study suggested that cardiopulmonary 
bypass is responsible for pulmonary endothelial 
dysfunction. This focused attention on the endo
thelium as an important organ to address in the 
management of pulmonary hypertension. It also 
highlighted the potential importance of main
taining at least some antegrade flow from right 
ventricle into pulmonary arteries during extra
corporeal membrane oxygenation (ECMO). 

p < .002 p < .0003 

-60~--------------------------------~ 

Figure 2. The percentage 
change in mean pulmonary 
artery pressure (PA) with 
acetylcholine (ACH) in pre
operative and postoperative 
patients. The vasodilator re
sponse is attenuated with 
ACE but retained with NO 
in the postoperative period. 
(Reprinted with permission 
from Wessel DL, et aJ: Use 
of inhaled nitric oxide' and 
acetylcholine in the evalua
tion of pulmonary hyper
tension and endothelial 
function after cardiopulmo
nary bypass. Circulation 
88:2128-2138, 1993.18 Copy
right 1993 American Heart 
Association.) 
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The heart should be permitted to eject some 
flow into the pulmonary arteries rather than 
allowing ECMO to provide total cardiopulmcr 
nary bypass for several hours or days. These early 
findings further suggested an important diagnos
tic and therapeutic role that inhaled nitric oxide 
might play as a result of ,its selective pulmonary 
vasodilation with minimal systemic side effects 
in children with congenital heart disease. 

Acute Respiratory Failure Mter 
Cardiopulmonary Bypass 

Pulmonary parenchymal disease may coexist 
with heart disease in the newborn. It complicates 
evaluation and treatment of the child. In some 
instances, structural abnormalities in the heart 
produce pulmonary venous hypertension, flood 
the alveoli with pulmonary edema fluid, and in
duce severe intrapulmonary and extrapulmo
nary right to left shunting of blood. 

Examples of this phenomenon include the 
child born with transposition of the great arter
ies and intact ventricular and atrial septa. In this 
example, inadequate mixing of blood occurs si
multaneously with extreme elevation in left atrial 
pressure. Pulmonary venous oxygen desatura
tion may critically lower the systemic oxygen lev
els further in this cyanotic heart disease. Immedi
ate performance of a balloon atrial septostomy 
is essential, but may not instantly correct the pul
monary parenchymal abnormalities and alveolar 
hypoxia. 19 Treatment v<ith inhaled NO may ad
dress ventilation-perfusion abnormalities in tl1is 
circumstance as well as lower the still reactive 
pulmonary artery pressure. Reports have sug
gested that use of NO may obviate the need for 
ECMO in some such circumstances by accelerat
ing improvements in gas exchange as well as he
modynamic recovery.20

•
21 

Transient acute respiratory failure may occur 
in other instances after cardiopulmonary bypass, 
notably after lung transplantation in children. 
Here the ischemic injury to the endothelium is 
exaggerated after hotml of cold ischemic preser
vation of the donor lung. The lung parenchyma 
is injured such that transient graft dysfunction 
characterized by lung consolidation, decreased 
lung compliance, hypoxia, and pulmonary hy
pertension may plague the patient postopera
tively. Again in this clinical scenario, tlJC injured 
lung wsculature kunresponsive to the endothe
lium-dependent vasodilators but highly respon-

sive to inhaled nitric oxide.22 Pulmonary artery 
pressure decreased precipitously with treatment, 
but more importantly, Pa02 increased dramati
cally (Fig 3). 

In the presence of increased pulmonary vas
cular tone, patients with large intrapulmonary 
shunts respond to inhaled vasodilators with a 
reduction in intrapulmonary shunt fraction and 
improved systemic oxygenation. This contrasts 
with traditional intravenous wsodilators, which 
are prone to override hypoxic pulmonary vascr 
constriction and worsen ventilation/perfusion 
abnormalities. Evidence now exists that NO can 
be administered to the donor lung to enhance 
preservation during storage and transport to the 
recipient.28

•
24 Although neonatal lung trans

plantation is a rare procedure, other forms of 
respiratory failure in newborns after cardiopul
monary bypass are more commonly encoun
tered. Overwhelming pneumonia is a devastating 
complication that may be exacerbated by cardicr 
pulmonary bypass. Mild infectious pneumonitis 
or bronchiolitis in the young preoperative infant 
can turn to life-threatening respiratory failure 
during postoperative recovery. As an inhaled va
sodilator, NO therapy. addresses both aspects of 
the disease: pulmonary hypertension and hyp
oxia. Inhaled NO, by virtue of its antioxidant 
effects, inhibition of unwanted platelet aggrega
tion and suppression of deleterious inflamma· 
tory responses during reperfusion injury, may 
even have a role in routine prophylactic usc for 
all patients at risk of postbypass respiratory com
plications. 

NO or ECMO Mter Cardiopulmonary 
Bypass 

ECMO support for severe cardiopulmonary fail
ure after cardiac surgery in newborns and chil
dren has been advocated in many centers.25

•
26 

Because postoperative pulmonary hypertension 
after reparative cardiac operations is believed to 
be life-threatening, yet reversible, NO treatment 
in this condition may diminish the need for 
ECMO. Certainly,Journois et al have shown the 
value of NO in the treatment of acute pulmonary 
hypertensive crises.~7 Goldman et al described 6 
of 10 patients who met institutional ECMO crite
ria, but were managed with NO instead and sur· 
vived to hospital discharge. 21 This compares fa
vorably with published ·survival rates in 
postcardiotomy patients supported by ECM0.25 
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Baseline 

Although there are no randomized trials exam
ining the benefit of NO among cardiac patients, 
this information suggests that a trial of inhaled 
NO should he considered in these patients be
fore cannulation for ECMO. 

Total Anomalous Pulmonary Venous 
Connection 

Infants with total anomalous pulmonary venous 
connection (TAPVC) frequently have obstruc
tion of the pulmonary venous pathway as it con
nects anomalously to the systemic venous circula
tion. When pulmonary venous return is 
obstructed preoperatively, pulmonary hyperten
sion is severe and demands urgent surgical relief. 
Increased neonatal pulmonaryvasoreactivity, en
dothelial injury induced hy cardiopulmonary by
pass, 18 and intrauterine anatomic changes in the 
pulmonary vascular bed in this disease28 contrib
ute to postoperative pulmonary hypertension. 
We hypothesized that infants with anatomically 
obstructed TAPVC would have a high occur
rence rate of postoperative pulmonary hyperten
sion, and that their pulmonary vascular bed 
could be selectively dilated with inhaled NO. 
Our aim was to define the incidence of postoper
ative pulmonary hypertension in infants with 
TAPVC and to describe the hemodynamic effects 
of initiation and withdrawal of inhaled NO in 
those postoperative patients with pulmonary hy
pertension. Twenty infants presented with iso
lated TAPVC over a 3-year period and were mon
itored for pulmonary hypertension. Nine 
patients had postoperative pulmonary hyperten-

NO 

Figure 3. The effect of 80 
ppm NO in six patient~ with 
transient graft dysfunction 
after lung transplantation. 
Pulmonary artery pressure 
(PAp), pulmonary vascular 
resistance (PVRI), and intra
pulmonary shunt fraction 
(Qs/Qt) decreased signifi
cantly and Pa02 increased. 
(Adapted and reprinted with 
permisssion from Adalia l, 
Wessel DL: Therapeutic use 
of inhaled nitric oxide. Curr 
Op Pediatr 6:583-590, 1994.) 

sion treated with a 15-minute trial of inhaled 
NO at 80 ppm. Five patients received prolonged 
treatment with NO at 20 ppm or less (median 
28 hours, range 12 to 71 hours). 

\Ve showed a mean percentage decrease of 
42% in pulmonary vascular resistance and 32% 
in mean pulmonary artery pressure.29 There was 
no significant change in heart rate, systemic 
blood pressure, or vascular resistance. Although 
not statistically significant, cardiac index in
creased by 10% (Fig 4). 

Congenital Mitral Stenosis 

We examined the effect of inhaled NO at 80 
ppm for 15 minutes in 15 children with pulmo
nary hypertension and congenital mitral stenosis 
to assess the extent of reversible pulmonary vaso
constriction.30 Mean pulmonary artery pressure 
decreased from 42 ± 2 to 30 ± 2 (P < .05) 
during NO inhalation. Pulmonary vascular resis
tance declined from 5.8 ± 0.7 to 2.9 ± 0.4 U • m 2 

(P < .05) (Fig 5). Cardiac index, left and right 
atrial pressure, mean systemic blood pressure, 
heart rate, systemic vascular resistance, PaO~, 
and calculated intrapulmonary shunt fraction 
were not changed. Selective pulmonary vasodila
tion occurred in all patients, proving the pres
ence of a significant reactive component of pul
monary hypertension in this disease. Prolonged 
therapy with inhaled NO facilitated the manage
ment and recovery of 4 patients. It is particularly 
useful adjunctive therapy during awakening and 
extubation when pulmonary hypertension wors
ens and predisposes patients to pulmonary 
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Figure 4. Percentage chat1ge 
in hemodynamic variables 
from baseline during 15 
minutes of NO at 80 ppm 

~40 ·30 -20 -10 0 10 

Baseline 

HR 149 b/min 

Cl 2.3 Vm/m2 

BP 62 mmHg 

SVR 23.5 U•m2 

mPAP 35.6 mmHg 

PYR 11.5 U•m2 

in 9 patients with TAPVC. ~50 
There is marked specificity 
for the pulmonary circula-
tion. 

Percent Change in Variable 
Compared to Baseline 

edema. The vasoreactivity is greater than pre
viously reported in adults with acquired mitral 
stenosis.~1 "'2 This may be due to the particular 
sensitivity of pulmonary veins to inhaled NO 
when pulmonary venous hypertension has been 
present since birth. 

We have found patients with TAPVC, congeni
tal mitral stenosis, and other pulmonary venous 
hypertensive disorders to be the most responsive 
to NO. These infants are born with significantly 
increased amounts of smooth muscle in their 
pulmonary veins. 88

•
34 Histological evidence of 

muscularized pulmonary veins as well as pulmo
nary arteries85 suggest the presence of vascular 

12 

10 
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C\J 8 E .. 
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"-" 6 a: 
> 
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0 
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tone and capacity for change in resistance at 
both the arterial and venous sites. The increased 
responsiveness observed in younger pari en ts with 
pulmonary venous hypertension to NO may re
sult from pulmonary vasorelaxation at a combi
nation of pre and postcapillary vessels.30

•
36 

Anatomic Obstruction Versus Pulmonary 
Vasoconstriction 

As we have discussed, even if a neonatal cardiac 
operation is successfully performed, endothe
lium-dependent pulmonary vascular relaxation 
is impaired after cardiopulmonary bypass and 
the postoperative course may be complicated by 

p<.05 

Figare 5. The effect of SO 
ppm NO on pulmonat)' vas-
cular resistance (PVR) in 
patients with congenital mi-
tral stenosis. PVR decreased 
from baseline in all pa· 
tients. (Reprinted with per· 
mission of the publisher 
from Atz AM, et al: Inhaled 
nitric oxide in children with 
pulmonary hypertension and 
congenital mitral stenosis. 
Am J Cardia! 77:316-319, 
1996.8° Copyright 1996 by 

NO (80ppm) Excerpta Medica Inc.) 
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Figure 6, Bedside tracing 
of pulmonary artery pres
sure (PA) (systolic, mean, 
diastolic) with NO dose and 
duration of therapy on bot
tom. PA pressure decreased 
during 80 ppm trial. Vasodi
lation was sustained with 10 
ppm NO for 18 hours of 
therapy. 
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transient pulmonary hypertension. As shown 
previously, pulmonary vasoconstriction in the 
postoperative newborn is exquisitely responsive 
to inhaled NO. However, reactive pulmonary va
soconstriction may not be the only cause of ele
vated puhnonary artery and right ventricular 
pressures. Differentiation between pulmonary 
vasoconstriction and anatomic obstruction to 
pulmonary blood flow may be difficult, especially 
in neonates. Branch pulmonary artery stenosis, 
hypoplastic distal pulmonary arteries, or iatro
genic causes of obstruction to pulmonary blood 
flow may be reflected in elevated pressure in the 
main pulmonary artery. A definitive diagnosis 
may require invasive and potentially dangerous 
investigation of the circulation. 

We therefore proposed to use inhaled NO 
diagnostically in neonates with pulmonary hy
pertension after cardiac surgery to discern those 
with reversible vasoconstriction. Nine of 15 pa
tients responded to a 15-minute trial with are
duction in mean pulmonary artery pressure from 
35 ± 4 to 26 ± 4 mm Hg and pulmonary vascular 
resistance from 17 ± 6 to 10 ± 4 U · m2

• There 
were insignificant changes in systemic hemody
namics. Two patients received prolonged ther
apy with inhaled NO after the initial trial. In 
both cases the use of continuous low dose (3 to 
10 ppm) NO allowed management of the pulmo
nary artery pressure, without episodic increases, 
and optimization of the right ventricular 
afterload. It was also possible to wean ventilatory 
support and decrease sedation unpunctuated by 
increases in pulmonary artery pressure (Fig 6). 

Six patients did not respond to inhaled NO 

with either a decrease in proximal pulmonary 
artery pressure or an increase in systemic oxygen 
saturation. In each of these patients subsequent 
investigation, prompted by the failed response 
to inhaled NO, showed anatomic obstruction to 
pulmonary blood flow. Thus, failure of the post
operative newborn with pulmonary hyperten
sion to respond to NO successfully discriminated 
anatomic obstruction to pulmonary blood flow 
from pulmonary vasoconstriction. Judicious use 
of a trial of inhaled N 0 may be of value to rule 
out pulmonary vasoconstriction and redirect in
vestigation toward reassessment of the surgical 
result. Failure of the patient to show response to 
NO should be regarded as strong evidence of 
anatomic and possibly surgically remediable ob
struction. 

Other Lesions 

Successful use of inhaled NO in a variety of con
genital heart defects after cardiac surgery has 
been reported by several groups.20

•
27

•
37

-4
1 Selec

tive pulmonary vasodilation has been docu
mented after surgical repair of ventricular septal 
defects, atrioventricular septal defects, transposi
tion of the great arteries, total anomalous pulmo
nary venous connection, and other structural 
heart defects. Some studies suggest that there is 
a correlation between the response to NO and 
the extent of preoperative pulmonary hyperten
sion.38'39 Synergistic use of NO with aerosolized 
or intravenous prostacyclin,42

'
43 atrial natriuretic 

peptide,44 dipyridamole,45
'
46 or specific type V 

phosphodiesterase inhibitors holds considerable 
promise for more effective control of pulmonary 
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hypertension in infants with congenital heart dis
ease. 

Single Ventricle 

Pulmonary blood flow in the newborn with a 
single ventricle and no anatomic obstruction of 
flow to the lungs may become excessive as pul
monary vascular resistance decreases after birth. 
A pulmomuy artery band may be applied to limit 
pulmonary over circulation while the child grows 
and the lungs mature. More complex single ven
tricle anatomy with pulmonary or aortic valve 
atresia requires that reliable pulmonary blood 
flow be established surgically with a systemic to 
pulmonary artery shunt that is sufficiently restric
tive to prevent congestive heart failure but ade· 
quate to permit oxygenation. Later during in
fancy, when pulmonary resistance has safely 
declined, a cavopulmonary anastomosis (ie, a bi
directional Glenn or later, a modified Fontan 
procedure) can be attempted as a more hemody
namically efficient method of providing pulmo
nary blood flow. If there is excessive cyanosis in 
the newborn after placement of a systemic to 
pulmonary artery shunt (eg, Blalock-Taussig), it 
is tempting to attribute the hypoxemia to pulmo
nary vasoconstriction. Indeed we have observed 
dramatic improvements in oxygenation in some 
of these newborns when NO is delivered. How
ever, it is far more common for the reduction 
in pulmonary blood flow to result from a kinked 
or othenvise obstructed shunt that requires sur· 
gical revision47 (Fig 7). 

As a prelude to potential use of the cavopul· 
monary anastomosis in the newborn, we studied 
infantS (2 to 8 months old) with refractory cyano
sis after a bidirectional Glenn anastomosis. 48 Al
though median baseline oxygen saturation was 
only 65%, administration of inhaled NO pro
vided minimal improvement in oxygenation. 
One child 'vith respiratory syncytial virus bron
chiolitis showed signifiCant improvement in oxy· 
genation, but NO did not substantially change 
systemic oxygenation or the transpulmonary 
pressure gradient in any other patient. Saturn· 
tions and Pa02 did not change despite the fact 
that there was a fivefold increase in plasma cyclic 
GMP production, suggesting that inadequate 
NO delivery or failure of guanylate cyclase activa
tion could not explain the lack of therapeutic 
effect. We have extended these observations to 
nearly 30 patient.~. This suggests that the pulmo-

Figw•e 7. Anterior-posterior (A) and later;ll (B) angio
grams taken in a neonate with severe cyanosis and 
shunt-dependent pulmonary blood flow who failed to 
respond to inhaled NO. The arrow points to a discrete 
shunt narrowing that required surgical revision. 

naty vascular bed in the newborn after a bidirec
tional Glenn will not be limited by pulmonary 
vasoconstriction, but rather by other regulatory 
mechanisms. Rather than refractory pulmonary 
vascular tone, it is likely that the limiting factor 
is pulmonary vascular cross-sectional area insuf
ficient in the newborn to permit adequate pas
sive blood flow through the lungs. Alternative 
treatment strategies may combine agents to ac
celerate postnatal growth of vessels for several 
days before a planned operation and then use 
NO postoperatively to avoid reactive pulmonary 
vasoconstriction. 
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Although not directly applicable to the new
born, the modified Fontan procedure is the ulti
mate reconstructive surgery for patients with a 
single ventricle. The Fontan physiology succeeds 
only with v~ry low pulmonary vascular resistance, 
because flow through the lungs is conducted pas
sively without a pumping chamber, NO has been 
used to considerable advantage by Macrae et al 
in the postoperative management of these pa
tients.49 

Chronic NO Use 

Although outpatient use of inhaled NO has been 
reported in a small number of adults, its use 
in younger patients with heart disease or as a 
therapeutic bridge to lung or heart lung trans
plantation is largely unstudied. NO inhibits 
smooth muscle growth and matrix protein syn
thesis in the extracellular matrix. It also reduces 
hYPoxic remodeling in the rat lung,5().!)~ sug
gesting that it might have a salutary effect on 
scarring or pathological remodeling in the hu
man lung. We hypothesized that the antioxidant 
and antiproliferative effects of NO combined 
with it~ antihypertensive action might provide 
a theoretical basis for prolonged treatment of 
idiopathic pulmonary hypertension. This might 
be particularly applicable to infants, who by vir
tue of their young age, have substantial capacity 
for smooth muscle regression, alveolar growth, 
and angiogenesis. We treated three infants 
younger than 3 months old who had severe unex
plained pulmonary hypertension (biopsy-proven 
and presumed to be fatal) with a 25-day treat
ment regimen including inhaled NO, At the end 
of the treatment period, they had significantly 
lower (nearly normal) pulmonary artery pres
sures without recurrence of pulmonary hyper· 
tension during 3 to 22 months of follow-up. Al
though no conclusion can be drawn from such 
limited experience, it has prompted us to reeval
uate our notion about presumed irreversibility 
of "primary" pulmonary hypertension early in 
life. 

Adverse Effects 

Rebound Puhnonary Hypertension 

We observed in all patients with TAPVC after 
prolonged treatment with NO that a transient 
elevation in pulmonary artery pressure routinely 

occurred when NO was successfully discontinued 
(Fig 8). Previous reports have described the 
abrupt return of pulmonary hypertension to sys
temic levels when NO was temporarily discon
tinued. vVhen this phenomenon occurs very 
early in the postoperative course, and is accom
panied by systemic hypotension and hypoxia, 
one is inclined to ascribe the changes to persis
tence of the underlying pulmonary hypertensive 
disorder, We described a somewhat different 
phenomenon. After several hours (12 to 72) of 
postoperative treatment and recovery NO could 
be discontinued, but a transient increase in pul
monary artery pressure was always observed. Dur
ing the first minutes after successful NO with
drawal, pulmonary artery pressure increased 
moderately (peak effect 7 :±: 3 minutes after with
drawal) and then declined to very low levels with
out impact on systemic hemodynamics. These 
changes were complete within 1 hour of with
drawal and were not attributable to any change 
in ventilation or pharmacological support.29 

Rebound pulmonary hypertension is not 
unique to inhaled vasodilators, but its causes are 
unclear. Negative feedback inhibition by exoge
nous NO has been postulated to account for this 
observation and shown to exist for indudble54 

and endothelial55 NO synthase in vitro. NO do
nor agents inhibit endothelial NO biosynthesis 
in bovine anerial ring preparations by an appar
ent negative feedback on endothelial NO syn
thase. The arterial rings recovered respon
siveness to endothelium-dependent relaxing 
agents within 30 to 40 minutes of withdrawing 
the NO donor agent, similar in timing to our 
witnessed rebound.~6 Decreased endogenous 
production of exhaled NO from smokers could 
also support a negative feedback theory.37 

Alternatively inhaled NO may play an un
known role in the modulation of endogenous 
pulmonary vasoconstrictors. It is reported that 
after abrupt withdrawal of nitroprusside (an NO 
donor), a transient rebound phenomenon ex
ists,58 Accordingly, one could hypothesize that 
pulmonary vasodilation by NO provoked second
ary production or activation of vasoconstrictors. 
With the short half-life ofNO, abrupt discontinu
ation allowed a brief period of unopposed vaso
constriction until stimulation of endogenous va
sodilators or change in the stimulus for 
vasoconstriction achieved a new balance of vaso
motor tone. A third alternative is that exposure 
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Figure 8. Bedside tracings 
of pulmonary artery (PA) 
pressure (systolic, mean, di
astolic) for 5 patients (Pt) 
with TAPVC receiving pro
longed NO plotted against 
time. Cursor represents 
time of \vithdrawal of NO; 
pulmonary artery pressures 
at time of \vithdrawal are 
displayed to the right of 
each tracing. In each pa
tient a tnmsient increase is 
observed, which dissipates 
without reinstitution of 
NO. (Reprinted \\lith per
mission from the Society of 
Thoracic Surgeons [The 
Annals of Thoracic Surgery, 
1996, Vol 62, pp 1759-
1764] .29

) 
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to exogenous NO altered membrane receptor 
conformation in vascular smooth muscle which 
reconfigured within 30 to 60 minutes after NO 
was withdrawn. 

Rebound hypertension confounds assessment 
of whether postoperative pulmonary hyperten
sion has resolved. NO therapy may be prolonged 
unnecessarily if clinicians are unaware that a 
moderate increase in pulmonary artery pressure 
on withdrawal may be transient and well toler
ated if the underlying pathological process has 
improved. During weaning of NO, if mild eleva
tions in pulmonary artery pressure are observed, 
it seems prudent to continue careful observation 
if the effect is transient and systemic hemody
namic stability is not impaired. Dose response 
testing for inhaled NO should be undertaken 

during the initial exposure to NO, because infor
mation obtained during weaning may reflect re
bound effects and not the true dose-response 
relationship. 

Appreciation of rebound pulmonary hyper
tension and its transient characteristic may facili
tate weaning from NO and has important impli
cations for patients with persistent pulmonary 
hypertensive disorders when interruption of NO 
is necessary. If the underlying pulmonary hyper
tensive process has not resolved, then the ten
dency for an abrupt increase in pulmonary artery 
pressure may be hazardous if NO therapy must 
be withdrawn or interrupted. For example, one 
should continue to provide a source of NO when 
suctioning or changing NO tanks because abrupt 
discontinuation can result in cardiovascular col-
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lapse;'ll-61 If withdrawal of NO is necessary before 
resolution of the pathological process, hemody
namic instability may be expected. If a labile pa
tient with pulmonary hypertension is stabilized 
with NO before transfer to a specialized center 
for further management, NO should be available 
during patient transport. 

Severe Left Ventricular Dysfunction 

Caution should be exercised when administer
ing NO to patients with severe left ventricular 
dysfunction and pulmonary hypertension. In 
adults with ischemic cardiomyopathy, sudden 
pulmonary vasodilation may occasionally unload 
the right ventricle sufficiently to increase pulmo
nary blood flow and harmfully augment preload 
in a compromised left ventricle. The attendant 
increase in left atrial pressure may produce pul
monary edema.62 This is not likely to arise from 
any negative inotropic effect of N063 and may 
be ameliorated with vasodilators or diuretics. A 
different but related phenomenon may be oper
ative in the newborn with severe left ventricular 
dysfunction and pulmonary hypertension. In 
these patients, the systemic circulation may de
pend in part on the ability of the right ventricle 
to sustain cardiac output through a right-to-left 
shunt across the patent ductus arteriosus. Selec
tive pulmonary vasodilation may redirect the 
·right ventricular output to the lungs and away 
from the systemic circulation. Therefore, in new
borns with severe left ventricular dysfunction, 
predominantly left to right shunting at the fora
men ovale and exclusively right to left shunting 
at the ductus arteriosus, NO should be used with 
extreme caution, if at all. \Ve and others have 
reported adverse outcomes in this circum
stance.s4,65 

NO Dosage and Toxicity 

There has been concem over potential NO in
duced cellular injury during exogenous expo
sure to the drug, as well as the generation of 
nitrogen dioxide and methemoglobinemia dur
ing the delivery of NO (see article by Dr Darley
Usmar). If the dose of NO is maintained below 
40 ppm, there have been few acute problems 
reported as the result of methemoglobinemia or 
excessive nitrogen dioxide concentrations. At a 
dose of 80 ppm, we have reported in a very few 
infants a transient elevation of methemoglo-

bin.6r. Optimal dosing of :NO to maximize pulmo
nary vascular relaxation without incurring toxic 
side effects, systemic hypotension, or an increase 
venous admixture is unclear. Miller showed in 
10 infants and children that low and potentially 
less toxic doses of NO were effective after cardiac 
surgery, with nearly identical response at 2 ppm 
compared ·with 10 and 20 ppm.39 Day showed 
little additional value with 60 ppm over 12 ppm 
in patients with congenital heart disease.67 How
ever, Roberts et al have shown a dose-response 
relationship up to 80 ppm in a similar popula
tion.68 

Maximal pulmonary vasodilator response to 
inhaled NO may occur at higher doses than that 
which produce optimal ventilation perfusion 
matching in patients with elevated pulmonary 
artery pressure and severe pulmonary parenchy
mal disease. By redistributing pulmonary blood 
flow away from underventilated alveoli toward 
normally ventilated areas of lung, inhaled NO in 
very low concentrations ( < 1 ppm) may improve 
intrapulmonary shunt fraction and raise Pa02 • 

It has been suggested that this effect may be 
optimized at doses of inhaled NO that are low 
(1 to 10 ppm), even though maximal pulmonary 
vasodilation occurred in the same patients at 
higher NO doses (10 to 100 ppm) among 12 
adult patients with ARDS.69 Improved oxygen
ation was lost at the higher NO doses in these 
patients in whom pulmonary vasodilation was 
maximized. Presumably, this occurred from a 
"spillover'' effect of NO into poorly ventilated 
lung with loss of preferential delivery to and vaso
dilation of better ventilated areas. Thus, the de
sirable dose may depend in part on the severity 
of the pulmonary artery hypertension versus the 
severity of intrapulmonary shunting from lung 
disease. It seems likely that the recommended 
starting dose of NO for newborns with congeni
tal heart disease will lie between 5 and 40 ppm. 

Delivery Considerations 

The potential toxicity of NO underscores the 
importance of developing reliable delivery and 
monitoring systems. Newborns are typically ven
tilated with devices designed to operate with con
tinuous fresh gas flows from which all tidal 
breaths are derived. Stable NO concentrations 
can be achieved by titrating NO directly from 
the source tank into the inspiratory side of the 
continuous gas flow of the ventilator.70 The resi-
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dent times of NO and oxygen are minimized 
in continuous flow delivery systems because the 
gases are continuously purged through the venti
l~tor. This system is limited to use in small pa
tients who never require peak inspiratory flow 
rates greater than 10 to 12 L/min. It uses sub
stantial amounts of NO gas and can be compli
cated by scavenging systems that interfere with 
the exhalation valve of the ventilator. NO source 
tanks are balanced with nitrogen and are avail
able in a variety of concentrations from 100 to 
10,000 parts per million (ppm). As NO is titrated 
into a delivery circuit, nitrogen will dilute the set 
Fi02. Using a ventilator gas flow rate of 9 L/min 
and a NO source tank of 800 ppm, 1 L/min flow 
of NO gas will be diluted to 80 ppm in inspiratory 
gas flow with a maximal Fi02 of .90. Because 
doses as low as 1 ppm may achieve therapeutic 
benefit, low·flow meters are needed to obtain a 
wide range of NO doses. Nitric oxide can be 
titrated into other continuous flow devices such 
as high frequency ventilators and continuous 
positive airway pressure systems.71 

An ideal delivery system uses medical grade 
quality gas manufactured by a process approved 
by the Food and Drug Administration. It mini
mizes the duration of gas in the delivery circuit, 
can deliver a wide range of precise NO doses 
with uniform mixing despite variable flow rates, 
has on-line analysis of NO, N02 and oxygen, in
corporates stringent controls for exhaled gases, · 
and has ala1ms to protect against excessive dos
ing or inadvertent discontinuation. Because re
bound pulmonary hypertension or respiratory 
collapse after prolonged inhalation of NO in 
some patients represents an additional hazard 
of abrupt interruption of NO delivery, an appro
priate alarm and back-up supply of NO must 
be in place. The system sho-uld be adaptable to 
different clinical situations, oxygen and NO con
centrations should be independently controlled, 
and when used in conjunction with mechanical 
ventilation should not interfere with ventilator 
functions. Commercial products are just now 
available that use mass flow-controller technol
ogy capable ofrapid and precise regulation and 
mixing of NO, OJ.")'gen, and air gas flows.72 When 
integrated into a microprocessor-governed, flow
sensing circuit, these devices promise to mark
edly improve the variability and precision of 
"homemade" systems, enabling the set NO con
centration to remain constant during the dy-

namic flow of a single breath regardless of flow 
or ventilatory mode. They may be contained 
within standard ventilator housing with two sepa
rate control panels (oxygen and NO) directing 
output for the three relevant modules (air, oxy
gen, NO). Alternatively more flexible systems, 
similarly controlled, are now available to func
tion in series with the most common mechanical 
ventilators. 

Summary 

Inhaled NO has emerged as an important diag
nostic and therapeutic agent in the treatment of 
pulmonary hypertension among newborns with 
congenital heart disease. It is a selective pulmo
nary vasodilator with minimal adverse hemody
namic effects when administered and monitored 
in ajudicio~1s fashion. It seems to be more effec
tive in the newborn than the older patient and 
has a number of advantages compared with in
travenous vasodilators. Its hemodynamic benefit 
has been shown in patients with pulmonary hy
pertension associated with total anomalous pul
monary venous connection, congenital mitral 
stenosis, postoperative patients with preexisting 
left to right shunts, and other lesions. It can be 
used in the newbom to help discriminate ana
tomic obstruction to pulmonary blood flow from 
pulmonary vasoconstriction, and it may be used 
effectively in the treatment or prevention of pul
monary hypertensive crises after cardiopulmo
naly bypass. As an inhaled vasodilator, it has spe
cial advantage in the treatment of acute 
respiratory failure that may arise in conjunction 
with pulmonary hypertension after bypass. 
There are also potential benefits of chronic, out
patient administration of NO to facilitate 
growth, and beneficial remodeling of the abnor
mal pulmonary vasculature in unusual forms of 
idiopathic pulmonary hypertension identified in 
early infancy. However, none of the purported 
benefits ofinhaled NO in children with congeni
tal heart disease have been studied in a random
ized, placebo-controlled manner with convinc
ing demonstration of improved outcomes. This 
must be kept in mind when evaluating the risks 
and potential benefits of this new therapy. 
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Exhibit 3 

Inhaled nitric oxide in premature neonates with severe 
hypoxaemic respiratory failure: a randomised controlled trial 

JJhnPKmsella., WrlliamFWalsh, CanLBose, Thle RGerstmann, JJLabella, SmeetaSardesai, Michele CWalsh.Sukys, 
MartinJMcCaffrey, ThuidNComfield, VuwdKBhutani, Guy Rutter, Monika Boier, StevenHAbman 

Summary 

Background Inhaled nitric oxide improves ox;ygenation and 
lessens the need for extmcorporeal-membmne oxygenation 
in full-term neonates with hypoxaemic respiratoiyfailme and 
persistent pulmonacy hypeitension, but potential adverse 
eftects are intracranial haemorrhage and .chronic lung 
disease. We investigated whether low<lose inhaled nitric 
oxide would imp1ove survival in premature neonates Vllith 
unresponsive severe hypoxaemic respiratocy failure, and 
would not increase the frequency or severity of intracnmial 
haemorrhage or chronic lung disease. 

Methods We did a double-blind, randomised controlled trial 
in 12 perinatal centres that provide tertiacy care. SO 
premature neonates (gestational age ,;;;34 weeks) Vllith 
severe hypoxaemic respirato1y fallme we1e randomly 
assigned inhaled nitric oxide (n=o48) or no nitric oxide (n=32, 
controls). Our primacy outcome was smvival to discharge. 
Analysis was by intention to b.'eat. We studied also the rete 
and severity of intracranial haemorrl1age, pulmonSIY 
haemorrllage, duration of ventilation, and chronic lung 
disease at 36 weeks' postconceptional age. 

Findings 'Ihe two groups did not differ for baseline 
characteristics or severity of disease. Inhaled nitric oxide 
in>proved oxygenation after 60 min (p=0·03). Survival at 
discharge was 52% in the inhaled-nitrico{)xide group and 47% 
in controls (p=0·65). Causes of death were mainly related to 
extreme prematurity and were similar in the two groups. 'Ihe 
two groups did not differ for adverse events or outcomes 
(inhacmnial haemorrhage grade 2---4, 28% inl!aled nihic 
oxide and 33% control; puhnonacy haemord>age 13% and 
9o/o; chronic lung disease 60% and 80%). 

Interpretation lnw<lose inhaled nitric oxide improved 
ox;-15enation but did not impmve smvival in severely 
hypoxaemic premature neonates. IDw-dose nitric oxide in 
the most critically ill.pi'emature neonates does not increase 
the 1isk of intracranial haemorrhage, and may decrease risk 
of chronic lung injUIY. 
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Introduction 
Early reports of inhaled nitric oxide in full-term neonates 
with persistent pulmonary hypertension showed sustained 
improvement in oxygenation.'~ Subsequently, 
randomlsed controlled trials of inhaled nitric oxide 
confirmed that this selective pulmonary vasodilator 
Improves oxygenation and lessens the need for 
extracorporeal-membrane oxygenation in such 
neonates,•-< Inhaled nitric oxide did not, however, 
improve morbidity or survival.< In full-term neonates, 
survival is unlikely to be altered by innovative therapies 
for persistent pulmonary hypertension because 
extracorporeal-mcmbrane oxygenation is widely available 
and can be started quickly when more conservative 
therapies fail. The role of inhaled nltrlc oxide in 
premature neonates with hypoxaemic respiratory failure 
is, however, more controversial in terms of efficacy and 
safety.' In addition, extracorporeal-membrane 
oxygenation is not generally offered to premature 
neonates because of the risks of intracranial haemorrhage 
associated wth . heparinisation, internal-jugular and 
common-carotid-vessel ligation, and mechanical 
cardiopulmonary bypass.7 

Laboratory studies have shown that low-dose inhaled 
nitric oxide (5-20 ports per million [ppm]) leads to 
pulmonary vasodilation and improves gas exchange in 
premature lambs with respiratory-distress syndrome,'"'" 
and previous clinical studies have suggested that inhaled 
nitric oxide acutely improves oxygenation in premature 
neonates."·" Effects on morbidity and survival in 
premature neonates have not, however, been tested in a 
controlled trial. Premature neonates are uniquely 
susceptible to oxidant lung injury, which could increase 
the risk of chronic lung disease, but the effects of inhaled 
nitric oxide on chronic lung disease have not been 
studied. Laboratory and clinical studies suggest that high 
doses of inhaled nitric oxide can increase bleeding 
time,"·" and two case reports have suggested u high rate 
of intracranial haemorrhage in premature neonates 
treated with inhaled nitric oxide.''·" These case reports 
did not Include control groups to find out the actual risk 
of intracranial haentorrhage, and there is no evidence 
from controlled trials that inhaled nitric oxide increases 
the risk of clinical bleeding complications in full-term 
neonates. 

We tested the hypothesis in a double-blind, 
randomised, controlled trial that the \!Se of low-dose 
inhaled nitric oxide (5 ppm) would improve survival in 
premature neonates with severe hypoxaemic respiratory 
failure unresponsive to conventional therapies, and would 
not increase the incidence or severity of bleeding 
complications. Because of the uncertainty about the 
safety of exposure to inhaled nitric oxide in premature 
neonates, we limited the study population to selected 
premahlre neonates with severe hypoxaemlc respiratory 
failure despite maximum therapeutic intervenUon and a 
high predicted mortality rate. 
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]Jgllle 1: Trial profile 

Methods 
Patients 
12 tertiary perinatal centres with clinical·experience in inhaled
nitric-oxide therapy participat~d In the triaL The study was 
approved by the Institutional Review Board at each centre, and 
by the US Food and Drug Administration under an investigator
initiated investigational new drug exemption. Criteria for 
enrolment were: delivery at gestati<>nal age 34 weeks or less; age 
7 days or younger; s~vere hypoxaemia (arteriaVolveolar oxygen 
ratio <0·10 on two sequential arterial-blood-gas measurements) 
despite mechanical ventilation and surfactant treatmtmt 
(Survanta, Abbott Laboratories, Columbus, OH, USA, 
4 mL/kg) when indicated (based on a predicted mortality rate of 
50%)." Exclusion criteria were fatal congenital anomalies or 
congenital heart disease (except atrial and ventricular septal 
defects). We enrolled neonates after informed consent was 
obtained from parents. 

Study design 
Treatment assignment was designated by the central 
coordinating centre according to sequentially numbered 
randomisation cards, provided in sealed opaque envelopes with 
the ord~r varied among hospitals. Randomisation was 
stratified by centre and gestational age (,;28 weeks or >28 
weeks), balanced in blocks of ten in each stratum, based on an 
expected total enrolment of 210 patients. Cranial ultrasound 
examinations were done before enrolment to find out the 
baseline incidence and severity of intracranial haemorrhage 
(Pnpile standards)." 

After randomisation, the ventilator circuit was configured to 
allow delivery of nitric oxide at S ppm, as described previously.' 
ln patients assigned nitric oxide (n=48) the delivery system was 
activated. No supplemental gas was delivered to patients in the 
control group (n,32). Caregivers were unaware of whether nitric 
oxide was delivered. Delivery systems were monitored routinely 
(sham monitoring in the control group). Delivered nitric oxide 
and nitrogen dioxide conce!itralions were monitored by 
chemiluminescence or electrochemical sensors.' After 7 days' 
administration, a period of no administration of study gas was 
tried. We limited the frequency of these periods to keep the risk 
of unmasking treatment assignment to a minimum. A threshold 
of 15% or more increase in oxygenation index (fraction of 
inspired oxygen [FiO,] X mean airway pressureX 100/arterinl 
pnrtiul pressuro of oxygen [PaO ,]) was used to warrant restarting 
study gas. If study gas was restarted, periods without gas were 
kept to every 2 days for a maximum treatment duration of 
14 days. We used oxygenation index for periods off gas because 
the calculation is straightforward for Immediate bedside 
assessments, but after we had done analyses, we believed that 
PaO,IFiO, would be a more clinically useful comparison and 
present results in this way. 

Patients were mechanically ventilated with standard neonatal, 
time-cycled, pressure-limited vimtilators or with high-frequency 
devices (Sensormedics JlOOA High Frequency Oscillator, 
Sensormedics lnc, Yorba Linda, CA, USA, or Infant Star HFV, 
Infrasonics Inc, San D !ego, CA). The consensus among centres 

1062 

Charactertstlc 

Mean (SIJ) weight (g) 
Mann (SD) gostatlonnlago (wocks) 
Sex (female! mole) 
Medl!ln (runge) 1 min Apgar score 
Medl!ln (mnga) 5 min Apgar acorn 
NJ brimcmnial haemorrhage 
IntmcnmW baemonllllge (grade 2-4) 
Mean (SD) age at enrolment (h) 
Mean (S!l) PaO,INO, 00\l.) . 
Mean(SD) pH 
Mean (SD) Fa~ (kPa) 

Pa~=arterlal parllal proaaum of carlx>n dlo,OO,, 

'Thbla 1: Baseline characteristics 

Inhaled nltrto 
oxide (11=46) 

1040 (461) 
27·1 (2·5) 
20/28 
4 (1-8) 
7 (2-9) 

35 (73%) 
7 (15%) 

30 (38) 
5·6 (2·4) 
7·33 (Q.l2) 
5·7 (1·9) 

Control (11=32) 

988 (387) 
26·8 (2·5) 
12120 
4 (1-fl) 
6 (1-9} 

19(59%) 
6 (1P'r<l 

27 (37) 
5·6 (2·1} 
7·82 (0·10) 
s.o (2·1) 

was that a high-volume strategy would be used during high
frequency oscillatory ventilation. The only ventilator prohibited 
was the Life Pulse High Frequency Ventilator (Bunnell Inc, Salt 
Lake City, UT, USA), because of limited information of the 
accurate measurement of delivered concentrations of inhaled 
nitric oxide. We did not allow changes in ventilator device or 
ventilator settings for the first 60 min of the trial to enable 
recording of acute responses to treatment. 

Stat is tical analysis 
We based sample-size estimates on a predicted 50% mortality in 
the control group." We estimated that 80% power to detect a 
30% decrease in mortality with Inhaled nitric oxide required 105 
neonates in each treatment group. Safety analyses of mortality 
and rates of intracranial haemorrhage were done by an 
lndepedent data, safety, and monitoring committee after 
enrolment of 20, 40, and 60 neonates, to find out whether the 
rate of adverse events warranted ending the trial. No such need 
was seen. 

A planned interim analysis after enrolment of 80 neonates, 
based on a randomisation-date cut off (study duration 2·5 years) 
showed tbat no signficant difference wa• detectable for the main 
outcome measure (survival to discharge) and that at the current 
enrolment rate, projections suggested detection of differences 
was unlikely in a reasonable lime frame (based upon stochastic 
curtailment procedures). Interim analyses were done by the 
coordinating centre and the investigators were unaware ol' 
results. We did planned secondary analyses (eg, chronic lung 
disease and intracranial haemorrhage) of differences between 
treatment groups after the end of study. 

For the primary and secondary outco1nc measures, we did 
analyses by intention to treat. For acute changes in respiratory 
variables, the resu Its for seven neonates (four on inhaled nitric 
oxide, three con trois) were censored because of protocol 
violations in the first 60 min of the trial (changes in ventilator 
devices or settings). Data from these neonates were, however, 
included for other study endpoints. 

We analysed binomial data with X' or Fisher's exact tests 
where appropriate. We compared normally distributed 
continum1s data· with Student's t lest. Continuous data that were 

c::::l ::: t"'(~tt :.~ 
mm ~~il~'h:~j n~dW :.-:;;;hl::$· 

F1gu:re 2: PaO,/ FiO, results at baseline and 60 min after 
treatment 
• p<0·05 vs control. 
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not normally distributed were compared with the Mann-Whitney 
U test. We set the significance level ut p<0·05. 

Results 
Complete data were available for 80 neonates during the 
planned interim analysis (figure 1). The unequal 
distribution of neonates was because of the stratification 
scheme, which was based on our anticipated enrolment of 
20 neonates in each centre (ten of 12 centres enrolled 
fewer than ten neonates). Centres did not differ 
siguificantly in randomisation (p=0·92). No 
randomisation violations were reported to the 
coordinating centre. 

There were no differences between groups in baseline 
characteristics (t11ble 1). 79 (99%) neonates were treated 
with surfactllnt. Distribution of ethnic origin, antenatal 
corticosteroid treatment or treatment, with high
frequency oscillatory ventilation at enrolment were 
similar in the inhaled-nitric-oxide and control groups. 

In the inhaled-nitric-oxide group, there was an acute 
improvement in PaO, after 60 min compared with the 
control group (p=0·03, figure 2). Arterial pH (7·32 [0·18] 
inhaled nitric oxide vs 7 ·32 [0·16] control) or arterial 
partial pressure of carbon dioxide (5·7 [2·9] vs 5·5 (2·4) 
kPa) did not differ between groups after 60 min. 
Methaemoglobin concentrations were also similar in the 
two groups (1·1% [0·72], inhaled nitric oxide 0·96 [0·60] 
control), Arterial-blood-gas measurements did not differ 
between groups after 60 min. In the first period off study 
gas after 7 days of treatment, treatment had to be 
restarted in three neonates (treatment was discontinued 
successfully on day 9 for one neonate and day 11 for 
two). Days on ventilators in survivors were significantly 
fewer in the inhaled-nitric-oxide group than In the control 
group (p=0·046). 

Survival to discharge or chronic lung disease (table 2) 
and days spent in hospital (median 86·5 [range 31-395] 
inhaled nitric oxide vs 79·0 [14-106] control) were 
similar in the two groups. GTDups did not differ for 
incidence of pulmonary haemorrhage (13 vs 9%) or 
symptomatic patent ductus arteriosus (21 vs 19%). 
Periventricu1ar leucomalacia occurred in two (8%) of 25 
neonates receiving inhaled nitric oxide and in two (13%) 
of 15 controls (p=0·62). Four neonates had retinopathy 
of prematurity that required treatment (one in the 
inhaled-nitric-oxide group, three in the control group, 
p=O·lO). 

The rate and severity of intracranial haemorrhage at 
study entry was similar in the two groups (table 3). For 
intracranial-haemorrhage outcomes, the highest grade 
recorded (right or left) at age 7 days or 36 weeks 
postconceptional age was chosen to reflect intracranial
haemorrhage severity. The rate of intracranial 
haemorrhage for each group did not differ in survivors 
(table 2). 

We did cranial ultrasound scans at study entry and at 
age 7 days, because most intracranial haemorrhages occur 
in this time." Therefore, to find out whether intracranial 
haemorrhage occ\Jrred in neonates who died before age 
7 days, we did a separate analysis that included results of 
cranial ultrasound scans done before 7 days as well as the 
results of necropsy. No intracranial-haemorrhage results 
were available for 11 of the 80 neonates who died 
suddenly before age 7 days and who did not undergo 
necropsy (five in the inhaled nitric oxide group, six in the 
control group). 13 neonates had cranial ultrasound scans 

THE LANCE'!' • Vol354 • September 25, 1999 

OJtcome Inhaled nitric Control Relative risk p 
oxide (95%CI) 

Survhal 25/48 (52~ 16/32 (47%) 1·11 {0·70-1·8) 0·65 
Chro ole lung disease 15/25 (60%) 12/15 (80%) Q.75 (0·5-1·13) 0·30 
(ox)'ll8n at 36 mJek•J 
Dlath, chronic hmg 37148 (77%) 29/32 (919() 0·85 {Q.7-1.0S) 0·14 
disonae, or bo1h 
D'acbaJRlld on Ol<)ll'ln 13/25 (54~ 12/15 {80%) 0·65 (0·41-1·02) 0·10 
Med!Rn (mnge) 26 {8-69) 37 {8-S95) 0-046 
'~mtilatorda~ for aU!Ylwm 

Tabla 2: Relative risks of outcomes 

after enrohnent and before death before age 7 days, and 
additional intracranial-haemorrhage results were available 
from necropsies done in seven neonates. Therefore, 
results for intracranial haemorrhage were available for 43 
(90%) of 48 neonates in the inhaled-nitric-oxide group 
and 26 (81%) of 32 controls (table 3). To find out 
whether inhaled nitric oxide increased the likelihood of 
new or worsened intracranial haemorrhage, we analysed 
the change in intracranial-haemorrhage grade from 
baseline between the two groups. A higher grade of 
intracranial haemorrhage after enrolment occurred in 19 
(44%) of 43 neonates in the inhaled-nitric-oxide group 
and 11 (42%) of 26 controls (p=0·88). The gro1)ps did 
not differ for the incidence of intracranial haemorrhage 
within the stratum 28 weeks or less estimated gestational 
age (ie, at highest risk for intracranial haemorrhage). The 
rate of intracranial haemorrhage (grades 1--4) was 56% 
(18 of 32) for the inhaled-nitric-oxide group and 59% 
(ten of 17) for the control group. The rate of the grade 4 
intracranial haemorrhage was 19% for the inhaled-nitric
oxide group and 29% for the control group. 11 (46%) of 
the 24 neonates on inhaled nitric oxide and four (50%) of 
eight controls in this stratum who did not have 
intracranial haemorrhage at baseline subsequently 
developed intracranial haemorrhage. 

Because the rate of intracranial haemorrhage in 
premature neonates is important to subsequent trials, we 
also did an analysis based on worst case scenario. We 
calculated the incidence of intracranial haemorrhage 
based on the premise that neonates in the inhaled-nitric
oxide group who died before age 7 days with unknown 
intracranial-haemorrhage status (n=5) actually had grade 
4 intracranial haemorrhage and all neonates in the control 
group who died before age 7 days with unknown 
intracranial-haemorrhage status (n=6) actually had no 
intracranial haemorrhage. This analysis yielded a 
maximum potential rate for grade 4 intracranial 
haemorrhage of 29% for the inhaled-nitric-oxide group 
and 27% for tho control group. With the prediction for 
the worst case scenario, a clinical trial designed to prove a 
significant increase in risk for grade 4 intracranial 

Inhaled nitric Centro! p 
oxide (n.48) (n.32) 

'lb tal uuknom1 DHstalll.• 6/48 (10%) 6/32 (19%) 0·29 
Alim 11ithout JC!l 15/25 (60%) 10/15 (67%) 0·67 
Ali'" v.ith n-r <g<adn 1 18/25 (72%) 10/15 {67%) 0·72 
Aliw 11iU1 r:H gmde 2-4 7/25 (28%) 5/16 (33%) 0·72 
D'ad 11ithout JCH{<gmdn 1) G/18 (33%) 3/11 (27%) 0·73 
IAad mlh IJHgmde 2-4 12/18 (67%) Bill (73%) 0·73 

Total known ICH Incidence (sur.ivors 
pius tlOIP-iUIViVOIS) 
Gmde 1-4 22/43 (51%) 13/26 (50%) 0·03 
Gmde 2-4 19/43 (44%) 13/26 (50%) 0·56 
Gmde 3-4 16/43 (37%) 10/26 {40%) 0·92 
Gmde 4 7/43 {16%) 7/26(27%) 0·29 

J:Jff,!ntmcmnlal baernonhagu. 
Tabla 3: o.rtcomes lor Intracranial haemorrhage 
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Inhaled nitric 
oxide (n=2J) 

Control 
(0=17) 

Supp<nt witlldrawn forao\·ero lCH 6 rJ6%) 1 (24%) 0·85 
];)dreme pnnual•ui\Y (<25 ""'oks) 8Ild MSOF 6 (26%) 4 (24%) 0·85 
ID1 rofmci<Hy reaphalol)'foiluro 3 (13%) 3 (18%) 0·49 
llaclarialsepa!s 3 (13%) 2 (12%) 0·90 
Renal foiluro 2 (9%) 2 (12%) 0·75 
Pulmonatyltypoplaaia (non-Cllll) 1 (4%) 2 (12%) 0·56 
Chngerdtal dlapltmgrnalic ltamil 2 (9%) 0 0·50 

U&!ntrucranlal haemonhage; MSOFbmulmy.~tem organ fniluro; PIEl=pulmonocy 
interstitial empbysamaj CfiD:::;-coronary liearl..diseaae. 
'Thble 4: Cause of death and associated disorders 

haemorrhage in neonates treated with inhaled nitric oxide 
(80% power, r~.=0·05) would require a minimum of 
15 000 neonates (with illness similar to those in this 
study). Causes of death and major· associated disorders 
were similar in the two groups (table 4). 

Discussion 
Low-dose inhaled nitric oxide did not affect survival, but 
this study population had a high rate of mortality 
associated with complications of prematurity such as 
multisystem organ failure and intracranial haemorrhage, 
Because the potential adverse e!Jects of inhaled nitric 
oxide on platelet adhesion and the attendant risks of 
intracranial haemorrhage are severe consequences of 
prematurity, we included only neonates with the most 
severe respiratory failure. 

One of our most important findings was that low-dose 
inhaled nitric oxide (5 ppm) did not affec.t the rate of 
severity of in tracraniul haemorrhage, in contrast to 
observational reports."·'• However, no increased 
incidence of intracranial haemorrhage was found in a 
small, unblinded trial that tested the effects of inhaled 
nitric oxide and dexamethasone." In our trial, we found 
that intracranial haemorrl1age occurred with similar 
frequency in the inhaled-nitric-oxide and control groups. 
By obtaining all available ultrasound and necropsy 
findings, it is unlikely that we missed any hidden 
morbidity of intracranial haemorrhage. This observation 
is important to future studies of inhaled nitric oxide in 
premature neonates. Less severely ill premature neonates 
may be safely treated with low-dose inhaled nitric oxide 
without the risk of a bleeding diathesis. We did, however, 
use a constant low dose of inhaled nitric oxide for a 
minimum of 7 days. We based the use of low-dose 
inhaled nitric oxide on the resulls of previous laboratory 
and clinical studies, wl1ich showed optimum beneficial 
vasoactive and anti-inflammatory effects and low 
potential adverse e!Jects on platelet adhesion. There 
is little information about the safety and efficacy of higher 
doses of inhaled nitric oxide in premature neonates. 
We did not use laboratory-based assessments of 
bleeding tendency because, in premature neonates, such 
laboratory measurements are imprecise, variable, and 
would not replace the clinically relevant endpoints we 
reported. 

Low-dose inhaled nitric oxide improved oxygenation 
and decreased the need for mechanical ventilation. 
Moreover, inhaled nitric oxide substantially lowered the 
frequency of chronic lung disease. We did not design this 
trial to test whether inhaled nitric oxide would have this 
effect on chronic lung disease. However, the possibility 
that inhaled nitric oxide may have preventive effects on 
lung injury is important, because, in addition to its effects 
on pulmonary haemodynamics and gas exchange during 
inhalation, this treatment may affect neutrophil adhesion 
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in the microcirculation." In premat11re lambs at 78% of 
term, inhaled nitric oxide increased pulmonary blood 
flow and improved gas exchange without increasing 
pulmonary oedcma14•

15 and decreased lung neutrophil 
accumulation." The effects of low-dose inhaled nitric 
oxide on early neutrophil accumulation may have 
important clinical implications because neutrophils. play 
an important part in the inflammatory cascade that 
contributes to lung injury and the evolution of the most 
important sequel of respiratory-distress syndrome, 
chronic lung disease."-" Sequestration of neutrophils in 
the lung is an early step in a complex inflammatory 
response mediated through the elaboration of oxyradicals, 
pro teases, phospholipases, and lipid compounds," 
Therapies that lower neutrophil accumulation in the lung 
in respiratory-distress syndrome could potentially modify 
the early inflammatory process that amplifies acute lung 
injury and contribute to the development of chronic lung 
disease.'• 

We did not study long-term effects of inhaled nitric 
oxide in premature neonates. We are continuing follow
up studies on premature infants treated with inhaled 
nitric oxide and controls after 1 year, 2 years, and 6 years 
to assess neurodevelopmental outcomes. 

Low-dose inhaled nitric oxide may be effective as a 
lung-specific anti-inflammatory therapy to Jessen lung 
neutrophil accum11lation nnd the attendant inflammatory 
injury that contributes to the evolution of chronic lung 
disease. Sufficient evidence may now be available to 
warrant a controlled trial of low-dose Inhaled nitric oxide 
in premature neonates with less severe disease. 
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2780 Exhibit 4 

Cardiovascular Effects of Inhaled Nitric Oxide 
in Patients With Left Ventricular Dysfunction 

Evan Loh, MD; Jonathon S. Stamler, MD; Joshua M. Hare, MD; 
Joseph Loscalzo, MD, PhD; Wilson S. Colucci, MD 

Background Pulmonary vascular resistance (PVR) is fre
quently elevated in patients with advanced heart failure. Nitric 
oxide (NO), which contributes to the activity of endothelium
derived relaxing factor, causes relaxation of pulmonary arter
ies and veins in vitro. Inhalation of NO gas causes pulmonary 
vasodilation in patients with primary and secondary forms of 
pulmonary hypertension. 

Methods and Results To test the hypothesis that inhalation 
of NO gas lowers PVR in patients with heart failure, we 
studied the hemodynamic effects of a 10-minute inhalation of 
NO (80 ppm) in 19 patients with New York Heart Association 
class III (n=5) and class IV (n=14) heart failure due to left 
ventricular (LV) dysfunction. Although inhalation of NO had 
no effect on pulmonary artery pressures, the PVR decreased 
by 31±7% (P<.OOl) due to a 23±7% increase (P<.OOl) in 

T he endothelium plays an essential role in the 
dynamic regulation of vascular tone by synthe
sizing and releasing a variety of substances, one 

of which, endothelium-derived relaxing factor (EDRF), 
has the physicochemical properties of nitric oxide (NO) 
or a closely related substance. 1•2 Endogenous NO pro
duced by endothelial cells diffuses into neighboring 
vascular smooth muscle cells, where it binds to the heme 
component of guanylyl cyclase, thereby activating the 
enzyme, resulting in increased cyclic GMP production 
and relaxation,J.4 Arterial and venous endothelial cells 
in the pulmonary vasculature produce NO constitutively 
and in response to a variety of stimuli. 5-8 NO appears to 
be involved both in the regulation of basal pulmonary 
vascular resistance (PVR)9,to and in counterregulating 
the effects of vasoconstrictor substances, Il-ls 

PVR is frequently increased in patients with ad
vanced heart failure. The underlying mechanism for 
increased PVR in heart failure is not known, but it 
almost certainly involves activation of vasoconstrictor 
pathways by the sympathetic nervous system, the renin
angiotensin system, and/or endothelin. 16•17 Although 
there is evidence that endothelium-dependent vasodila
tion is impaired in the systemic vasculature of both 
animal models's and patients with heart failure,t9-22 it is 
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pulmonary artery wedge pressure and despite a 4±2% 
(P< .05) decrease in cardiac index. The magnitude of the 
decrease in PVR with inhaled NO was inversely related 
(r=-.713; P<.OOl) to the baseline PVR. Inhaled NO had no 
effect on heart rate, systemic arterial pressure, systemic vas
cular resistance, or ~V peak +dP/dt or -dP/dt. 

Conclusions In patients with heart failure due to LV dys
function, inhalation of NO causes a decrease in the PVR 
associated with an increase in LV filling pressure. These 
findings predict that inhaled NO, if used alone at this dose (80 
ppm), may have adverse effects in patients with LV failure. 
(Circulation. 1994;90:2780-2785.) 

Key words • nitric oxide • lung •. heart failure • 
endothelium-derived factors 

not known whether this mechanism contributes to in
creased PVR. 

Inhalation of NO gas causes pulmonary vasodilation 
in patients with primary pulmonary hypertensionn and 
pulmonary hypertension secondary to congenital heart 
disease24 and to adult respiratory distress syndrome. zs 
These observations suggest that inhaled NO might 
ameliorate pulmonary vasoconstriction, and they led to 
our hypothesis that inhalation of NO would lower PVR 
in patients with heart failure. To test this hypothesis, we 
studied the hemodynamic effects of a 10-minute inha
lation of NO (80 ppm) in 19 patients with moderate to 
severe heart failure secondary to LV dysfunction from 
idiopathic or ischemic dilated cardiomyopathy. 

Methods 

Study Population 
Nineteen patients with New York Heart Association func

tional class III (n=5) or IV (n=14) heart failure were studied. 
All patients were receiving digitalis, diuretics, and angiotensin
converting enzyme inhibitors. There were 15 men and 4 
women, with a mean age of 52±3 years. The cause of heart 
failure was ischemic cardiomyopathy in 10 patients and idio
pathic dilated cardiomyopathy in 9. The peak V02 averaged 
9.9±1.6 mL · kg-1 • min-1• The study protocol was approved by 
the Committee for the Protection of Human Subjects from 
Research Risks at the Brigham and Women's Hospital, and 
written informed consent was obtained in all cases. 

Hemodynamic Mea'surements 
Vasodilators, converting enzyme inhibitors, digitalis, and 

diuretics were withheld on the morning of the catheterization. 
A 7F Swan-Ganz catheter (Arrow International, Inc) was 
placed in the pulmonary artery. Femoral artery pressure was 
monitored via an 8F side-arm sheath (Cordis Laboratories). In 
10 patients, a 7F micromanometer-tipped pigtail catheter 
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TABLE 1. Hemodynamic Effects of Inhaled NO In 
Patients With Congestive Heart Failure (n=19) 

Room Air NO 

HR, bpm 90±3 93±3 

MAP, mm Hg 79±3 81±3 

SVR, dyne· s • cm-5 1102±104 1041 ±97 

PA, mm Hg 35±4 37±4 

PAWP, mm Hg 25±3 31±4 

LVEDP, mm Hg; n=10 28±4 34±5 

PVR, dyne • s • cm-5 226±30 119±13 

PA-PAWP, mm Hg 11 ±1 6±0.5 

SVI, mlJm2 26±2 24±2 

Cl, L · mln-1 • m-• 2.3±0.2 2.1±0.2 

p 

NS 

NS 

NS 

NS 

<.001 

.02 

<.001 

<.001 

.03 

.03 

HR Indicates heart rate; bpm, beats per minute; MAP, mean 
arterial pressure; SVR, systemic vascular resistance; PA, mean 
pulmonary artery measure; PAWP, pulmonary artery wedge 
pressure; LVEDP, left ventricular end-diastolic pressure; PVR, 
pulmonary vascular resistance; SVI, stroke volume index; and 
Cl, cardiac Index. 

(Millar Industries) was placed in the left ventricle (LV), 
allowing for simultaneous dP/dt and right heart pressure 
measurements. The ECG, femoral artery pressure, pulmonary 
artery pressure, and LV pressure were recorded on a strip 
chart recorder (Electronics for Medicine, PPG Biomedical 
Systems Division). Cardiac output was determined by the Fick 
method, based on the measured oxygen uptake (model MRM 
2B, Waters Instruments, Inc) and oxygen content in the 
pulmonary and femoral arteries.26 Oxygen content was calcu
lated from the blood hemoglobin and oxygen saturation by 
standard methods.26 Blood oxygen saturation was determined 
in duplicate samples on a Ciba-Corning model 270 Co-oxime
ter. LV peak +dP/dt ( +dP/dt) and peak -dP/dt ( -dP/dt) 
were computed on-line by an Electronics for Medicine ampli
fier (model 220A). Values for heart rate, arterial pressure, 
pulmonary arterial pressure, pulmonary artery wedge pres
sure, LV systolic pressure, LV end-diastolic pressure 

60 

55 

Sy•tor.c Oia•tolle 

FIG 1. Bar graph showing effect of inhalation of NO gas (80 
ppm, 10 minutes) on pulmonary artery (PA) pressures In 19 
patients with heart failure secondary to left ventricular dysfunc
tion. Measurements were made after the patients Inhaled room 
air (shaded bars) or NO (solid bars) from a face mask for 10 
minutes. *P<.001 vs room air. 
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FIG 2. Graph showing pulmonary artery wedge pressure before 
and after a 10-mlnute inhalation of room air or NO. *P<.001 vs 
room air. 

(LVEDP), and LV +dP/dt and -dP/dt were calculated by 
averaging at least 50 consecutive beats under each experimen
tal condition. 

Inhalation of Nitric Oxide 
NO gas (800 ppm) and N2 (Airco) were mixed by use of a 

standard low-flow blender (Low Flow MicroBlender, Bird 
Products Corp) before introduction into the inspiratory limb 
of a closed breathing circuit attached to a face mask. The 
inhaled concentrations of NO and oxygen were regulated 
separately. The inhaled 0 2 concentration was measured 
directly with an on-line oximeter (Ohmeda Oximeter). The 
inhaled concentrations of NO, nitrogen dioxide (N02), and 
the higher oxides of nitrogen (NO,) were measured contin
uously by a chemiluminescence technique. (Chemilumines
cent NO,-N02 Analyzer, Thermo Environmental Instru
ments, Inc). The exhaled gases were scavenged by a vacuum 
system. 

To establish baseline conditions, patients inhaled room air 
(FI021 21 %; N2 , 79%) via the closed face mask system for 10 
minutes before the baseline hemodynamic measurements. 
Patients then inhaled NO at 80 ppm (FJo2 , 21 %; N,, 79%) via 
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FIG s. Graph showing effect of NO Inhalation on pulmonary 
vascular resistance (PVR). *P<.001 vs room air. 
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face mask for 10 minutes, and hemodynamic measurements 
were repeated. 

Statistical Methods 
All data are presented as the mean±SEM. Differences 

between two observations for one variable within the same 
group were determined by two-tailed paired t test. Differ
ences between groups were determined by two-tailed un
paired t test. Differences were considered significant if 
the null hypothesis could be rejected at the .05 probability 
level. 

Results 

Hemodynamic Effect of Inhaled NO 

Baseline measurements during inhalation of room air 
revealed moderate LV failure. with elevation of the 
LVEDP and mean pulmonary artery wedge pressure, 
and reduced stroke volume and cardiac indexes (Table 
1). There was moderate reactive pulmonary hyperten
sion, with an average PVR of 226±30 dyne· sec· cm-5

• 

Inhalation of NO caused no change in heart rate, 
mean systemic arterial pressure, systemic vascular resis
tance, or pulmonary artery pressure (systolic, diastolic, 
or mean) but caused a 23±7% increase in the mean 
pulmonary artery wedge pressure (Table 1, Figs 1 and 
2) associated with 4±2% and 7±2% decreases in car
diac index and stroke volume index, respectively (Table 
1). The mean transpulmonary pressure gradient de
creased by35±7% (Table 1), and the PVR decreased by 
31 ±7% (Table 1 and Fig 3). 

The decrease in PVR was due to the increase in 
pulmonary artery wedge pressure, as shown by the corre
lation (r==-.848, P==.OOOl) between the changes in PVR 
and pulmonary artery wedge pressure (Fig 4A) and lack 
of correlation with changes in pulmonary artery pressure 
(Fig 4B; r=.13) or cardiac index (Fig 4C; r==.04). The 
increase in mean pulmonary artery wedge pressure was 
due to an increase in LV filling pressure, as shown by the 
correlation (r=.939,P<.0001) between the changes in LV 
end-diastolic pressure and pulmonary artery wedge pres
sure with inhaled NO (Fig 5). 

•o 
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TABLE 2. Hemodynamic Characteristics of Patients 
With a Change In Pulmonary Artery Wedge Pressure 
Above or Below the Median With Inhalation of NO 

%PAWP %PAWP 
<0.26 >0.26 
(n=9) (n=10) p 

HR, bpm 87±4 94±3 NS 

MAP, mm Hg 75±3 84±3 .02 

SVR, dyne· s • em-• 987±153 1218±148 NS 

PA, mm Hg 29±5 42±5 .02 

PAWP, mm Hg 21 ±4 28±4 .02 

SVI, ml/m2 30±2 21±2. .004 

Cl, L • mln-1 • m-2 2.6±0.2 1.9±0.2 .01 

PVR, dyne • s · em-• 138±23 295±40 .002 

LVEDD, em 6.2±0.4 7.1 ±0.3 .04 

vo. 9.6±0.1 11.7±0.8 NS 

LVEDD Indicates left ventricular end-diastolic dimension; V02, 
peak oxygen consumption. Other abbreviations !l:S In Table 1. 
n=19 for all parameters except EDD (n=16) and V02 (n=17). 

Hemodynamic Determinants of an Increase in 
Pulmonary Artery Wedge Pressure With 
Inhaled NO 

The most prominent hemodynamic effect of NO 
inhalation was the increase in pulmonary artery wedge 
pressure (median increase, 26%). In the 10 patients 
with an increase in pulmonary artery wedge pressure of 
~26% (mean increase, 33±7%), the baseline pulmo
nary artery pressure, pulmonary vascular resistance, 
and LV end-diastolic dimension (by M-mode echocar
diography; n=16) were higher and the cardiac index and 
stroke volume index were lower than in the 9 patients 
with an increase of <26% (Table 2). Thus, more severe 
LV dysfunction (as evidenced by higher left heart filling 
pressures, lower stroke volume, and larger LV cavity 
size) was present in the patients who had the largest 
increases in pulmonary artery wedge pressure with 
inhaled NO. 

•o 

R =0.13 20 

p = 0.61 R = 0.04 
0 P= 0.87 
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FIG 4. Scatterplots of regression analyses depicting the relation between the change In pulmonary vascular resistance (PVR) with NO 
(vs room air) and the change In pulmonary artery wedge pressure (PAWP) (left), mean PA pressure (middle), or cardiac index (right) In 
19 patients. 
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The baseline PVR was more than twofold higher in 
the group that had the largest increases in pulmonary 
artery wedge pressure with inhaled NO (Table 2), 
suggesting that resting PVR might be a determinant or 
predictor of the response to inhaled NO. Consistent 
with this view, there was a strong correlation (r==-.713, 
P<.001) between the baseline PVR and the decrease in 
PVR with inhaled NO (Fig 6). . 

As an alternative approach to this issue, we identi
fied a subgroup of 5 patients who had "compensated" 
LV failure, as defined by a pulmonary artery wedge 
pressure ::;;18 mm Hg (mean, 12±2 mm Hg) and a 
cardiac index ~2.5 L · min-1 

• m-z (mean, 2.8±0.3 
L · min-1 

• m-2). In these patients, inhalation of NO 
has no effect on pulmonary artery wedge pressure 
(+7±3%) or PVR (+5±13%). In the remaining 14 
patients with "decompensated" LV failure (mean 
pulmonary artery wedge pressure, 30±2 mrn Hg; 
mean cardiac index, 1.9±0.1 L · min-1 • m-2), inhala
tion of NO increased the pulmonary artery wedge 
pressure by 27±3% (P<.001) and decreased the PVR 
by 43±7% (P<.OOl). 

Effects of Inhaled NO on LV Function 
Since it has been suggested that NO can depress the 

contractile function of isolated cardiac myocytes,27 we 
considered the possibility that inhaled NO exerted a 
negative inotropic effect on the LV. A negative inotro
pic effect of inhaled NO was suggested by a decrease in 
stroke volume index despite an increase in pulmonary 
artery wedge pressure (Fig 7A). However, in the 10 
patients in whom it was measured, inhaled NO had no 
effect on LV peak +dP/dt, despite increasing LVEDP 
by 8±1 mm Hg (Fig 7B). LV peak -dP/dt, which 
reflects isovolumic relaxation in the absence of changes 
in loading conditions or heart rate,2ll,29 was also not 
affected by inhaled NO (baseline, 807±140 mm Hg/s; 
NO, 800±139 mm Hg/s; P=NS; n=10). 

Discussion 
The major finding of this study is that in patients with 

reactive pulmonary arterial hypertension secondary to 
LV failure, inhalation of NO causes reciprocal changes 
in the PVR (decrease) and LV filling pressure (in
crease). In patients with primary pulmonary hyperten
sion, inhalation of NO causes a decrease in pulmonary 
artery pressure.23 In contrast, in patients with LV 
failure, we found that inhalation of NO is associated not 
with a decrease in pulmonary artery pressure, but 
rather, with an increase in LV filling pressure that 
accounts for the decrease in PVR. Preliminary reports 
from two other groups30·31 also indicate a similar effect 
of inhaled NO on LV filling pressure in patients with 
LV failure. 

The observed decrease in transpulmonary artery 
pressure gradient, particularly in the setting of no 
change or a small decrease in cardiac output, indicates 
that inhaled NO caused pulmonary vasodilation. NO 
diffuses readily through tissues, and therefore inhala
tion of NO may increase the concentration of NO in the 
vicinity of vascular smooth muscle cells in pulmonary 
resistance vessels, thereby exerting a direct vasodilator 
effect. 

We believe that the NO-induced increase in LV filling 
pressure is due to a small increase in LV volume that 
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FIG 5. Scatterplot showing relation between the percent 
changes In pulmonary artery wedge pressure (PAWP) and left 
ventricular end-diastolic pressure (LVEDP) with Inhaled NO In 1 o 
patients. 

occurred secondary to an increase in pulmonary venous 
return to the LV. For a given pulmonary artery pres
sure, a decrease in PVR will result in an increase in the 
net driving force for LV filling. Although an increase in 
LV volume would result in increases in ejection fraction 
and stroke volume in a normal LV, in our patients LV 
function was severely depressed and may have been on 
the flat portion of the Starling relation. In addition, an 
NO-induced increase in LV volume may have increased 
the magnitude of functional mitral regurgitation that is 
present in the majority of such hearts.32.33 Thus, an 
NO-induced redistribution of blood from the right 
ventricle to the LV may occur with no increase, or even 
a small decrease, in stroke volume. Since the failing LV 
often operates on the steep portion of the diastolic 
pressure/volume relation, a substantial increase in LV 
filling pressure might reflect only a small NO-induced 
increase in LV volume. 

~0 

0 

20 R = ·0.713 

0 
p < 0.001 

0 
0 

0 0 .,. 
0 

"' ~ -20 
0 

0 

<,'?. 
0 0 ;r -40 0 

it 
0 0 

-60 

0 0 
0 

0 
-80 

100 200 300 400 500 600 

Baseline PVR (dyne-sec-em·~ 

F1a 6. Scatterplot showing relation between the baseline pul
monary vascular resistance (PVR) and the percent change In 
PVR after Inhalation of NO In 19 patients. 
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F1a 7. Graphs showing (left) effect of inhaled NO on the relation between stroke volume index (SVI) and mean pulmonary artery wedge 
pressure (PAWP) and (right) effect of Inhaled NO on the relation between left ventricular (LV) peak +dP/dt and PAWP. 

The NO-induced changes in LV filling pressure and 
PVR correlated with both the baseline PVR (see Fig 6) 
and the severity of hemodynamic compromise (see 
Table 2). It was previously observed that inhaled NO 
has no hemodynamic effects in control subjects who 
have a normal PVR.34 Since the degree of reactive 
pulmonary hypertension is generally related to the 
severity of hemodynamic compromise in patients with 
LV failure, it might be anticipated that patients with 
more severe heart failure will have a more marked 
hemodynamic response to inhaled NO. To examine this 
prediction further, we compared the effects of inhaled 
NO in a subset of 5 patients with relatively compensated 
hemodynamics ("compensated group," defined by a 
pulmonary artery wedge pressure ~ 18 mm Hg and a 
cardiac index 22.5 L • m·1 

• m-2
) and those of the re

maining 14 patients ("decompensated group," defined 
by a pulmonary artery wedge pressure 218 mm Hg 
and/or a cardiac index <2.5 L · m-1 • m·2). Although the 
LV ejection fractions were comparable in the two 
groups, the baseline PVR was higher in the decompen
sated group (Table 2). As predicted by our hypothesis, 
the NO-induced fall in PVR (43% versus 7%) and 
increase in LV filling pressure (27% versus 0%) were 
larger in the decompensated group. Taken together, 
these observations. suggest that the greater effect of 
inhaled NO in patients with decompensated LV failure 
is due to the greater degree of reactive pulmonary 
hypertension present in such patients. 

A second potential explanation for the decrease in 
transpulmonary gradient is that inhaled NO exerts a 
direct negative inotropic effect on the LV, resulting in a 
primary increase in LV filling pressure. In this scenario, 
passive pulmonary vasodilation might occur because of 
recruitment of precapillary vessels, an effect that has 
been demonstrated in animals.3s However, we feel that 
a direct negative inotropic effect of inhaled NO is less 
likely, for several reasons, First, NO is rapidly inacti
vated by hemoglobin1 and might not be expected to 
reach the coronary circulation under these conditions. 

Second, we observed no decrease in LV +dP/dt, a 
highly sensitive measure of changes in contractile state. 
Third, it has been shown that in humans, the intracor
onary infusion of nitroprusside, to donate NO to the 
myocardium, has no effect on +dP/dt and, contrary to 
our findings with inhaled NO, caused a decrease in LV 
filling pressure apparently due to an increase in ventric
ular distensibility.J6 

An interesting corollary of these observations is that 
selective pulmonary vasodilation, in the absence of 
systemic vasodilation, may not be desirable in patients 
with severe LV failure. Clearly, inhaled NO, adminis
tered alone at the dose used in this study (80 ppm), may 
have adverse effects in such patients. Nevertheless, the 
ability of inhaled NO to reduce PVR selectively (ie, 
without causing systemic vasodilation), resulted in a 
unique physiological situation and thus provided the 
basis for these novel observations. Finally, on the basis 
of these observations, it is intriguing to speculate that 
an elevation in PVR may play au important adaptive 
role in patients with LV failure by limiting LV filling and 
thereby "protecting" the LV from excessive dilation, 
albeit at the expense of increased right ventricular work. 
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Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

EXHIBIT 5 
USSN: 12/820,866 

METHODS 0 TERM AND NEAR-
TERM NEONATES HAVING 
HYPOXIC RESPIRATORY FAILURE 
ASSOCIATED WITH CLINICAL OR 
ECHOCARDIOGRAPHIC EVIDENCE OF 

DECLARATION OF DOUGLAS A. GREENE, M.D. 
UNDER 37 C.F.R. § 1.132 

I, Douglas A. Greene, do hereby declare the following: 

1. I currently hold the position of Executive Vice President and Head, Research and 

Development at INO Therapeutics LLC ("INO"). A copy of my curriculum vitae is attached as 

Exhibit 1. 

2. I received an undergraduate degree in biology (cum laude) from Princeton 

University in 1966 and a doctoral degree in medicine (M.D.) from Johns Hopkins School of 

Medicine in 1970. 

3. I spent the next thirty years of my medical career (1970-2000) practicing and 

teaching medicine at some of America's foremost academic medical centers, including Johns 

Hopkins, Penn, Pitt, and the University of Michigan. At Michigan, I was a full professor of 

internal medicine, director of the Michigan Diabetes Research and Training Center, and chief of 

the Division of Endocrinology and Metabolism. 
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4. In 2000, I left Michigan to join Merck as Executive Vice President in charge of 

clinical sciences and product development. In this role, I supervised and directly managed all 

clinical research at Merck Research Laboratories, among other duties. 

5. In 2003, I left Merck for Sanofi-Aventis, where I became a Senior Vice President 

and Chief Medical Officer. My duties at Sanofi-Aventis included overseeing all aspects of pre

clinical and clinical regulatory development of the company's products and overseeing all 

medical aspects of the company's US business. 

6. In 2010, I joined INO, where- as noted above- I am presently Executive Vice 

President and Head of Research and Development. 

7. INO markets pharmaceutical grade nitric oxide (NO) gas under the brand name 

INOmax®. INOmax® is administered to patients using INO's proprietary INOvent® and 

INOmax® DS devices. 

8. INOmax® was approved for sale in the United States by the U.S. Food and Drug 

Administration ("FDA") in 1999 for the treatment oftenn and near-tenn (2: 34 weeks gestational 

age) neonates with hypoxic respiratory failure ("HRF") associated with clinical or 

echocardiographic evidence of pulmonary hypertension, a condition also known as persistent 

pulmonary hypertension in the newborn ("PPHN"). From 2000 to the present, INO has been 

selling INOmax® throughout the United States, Canada and certain other overseas markets. 

9. In addition to the approved indication, physicians employ INOmax® to treat or 

prevent pulmonary hypertension and improve blood oxygen levels in a variety of other clinical 

settings, including in both pe_diatric and adult patients suffering from acute respiratory distress 

syndrome ("ARDS"), pediatric and adult patients undergoing cardiac or transplant surgeries, 

pediatric and adult patients for testing to diagnose reversible pulmonary hypertension, and in 

pediatric patients with congenital diaphragmatic hernia. In most, if not all, of these applications, 

INOmax® acts by preventing or treating reversible pulmonary vasoconstriction, and improves 

pulmonary gas exchange. 
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10. The mechanism of action of INOmax® - the selective relaxation of pulmonary 

blood vessels - is particularly relevant to the transition of the newborn from the fetal to the 

neonatal environment. During in utero development, the fetal lungs are not filled with air. 

Accordingly, the fetus obtains oxygen from the mother across the 'placenta into the systemic 

circulation, whereas the circulation through the lungs is largely shut down because the 

pulmonary vessels are tightly constricted. Instead of the blood being pumped from the right side 

ofthe heart through the fetal lungs and then returning to the left side of the heart to be pumped to 

the rest of the body, as it is normally after birth, blood from the right side of the fetal heart 

bypasses the fetal lungs through a patent ductus arteriosis, a blood vessel connecting the outflow 

of the right heart directly to the systemic circulation. 

11. In addition to the patent ductus arteriosis, the fetal heart contains a second 

anatomical distinction from the neonatal heart - the foramen ovale - as a means for fetal blood to 

circumvent the nonfunctional fetal lungs while the fetus obtains its oxygen from the placenta. 

The foramen ovate is a "hole" located in the wall that separates the right and left atria of the 

heart. The foramen ovale is usually covered by a flap of tissue known as the septum primum, 

which is located on the inner wall of the left atrium. The septum primum and the foramen ovate 

together act as a one-way valve that permits blood to be shunted from the right atrium, where 

blood pressure is usually high due to the high vascular resistance present in the non-functional 

fetal lungs, into the left atrium for distribution to the body via the left ventricle. As discussed 

below, nonclosure of a patent foramen ovale after birth, as well as other forms of congenital 

heart disease, are often associated with a large persistently patent ductus arteriosis. 

12. After birth, the pressure in the pulmonary circulatory system drops, reducing the 

right atrial pressure below that of the left atrium. This shift in pressure causes the septum 

primum to close off the foramen ovale, and this flap of tissue eventually becomes incorporated 

into the intra-atrial wall. In certain instances, however, the foramen ovate may remain open or 

"patent" after birth. In one such case, elevation of pressure in the pulmonary circulatory system 

(i.e.: pulmonary hypertension due to various causes) can prevent the pressure shift that leads to 

the closure of the foramen ovale. This condition is known as patent foramen ovale, and the use 
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of inhaled nitric oxide to decrease pulmonary hypertension is known to be a successful treatment 

for right-to-left shunting through a patent foramen ovale. 1 

13. At birth, the ductus arteriosis closes and pulmonary vessels relax, thereby 

redirecting the outflow of the right heart to the now oxygenated lungs, with oxygenated blood 

then returning to the left side of the heart to be pumped to the rest of the body from the left 

ventricle. However, in some instances, neonates are born with severe congenital heart disease 

involving the left ventricle, wherein the left side of the heart lacks the ability to pump blood to 

the rest of the body. In these instances, a ductus arteriosis that remains open or "patent" is 

actually beneficial, and in fact is life-saving when combined with pulmonary hypertension, 

because the reverse pressure created by the pulmonary hypertension creates a right-to-left shunt 

through the patent ductus arteriosis, thereby permitting the right ventricle to pump oxygenated 

blood directly to the systemic circulation to maintain organ fun.etion; simply put, the patent 

ductus arteriosis permits the right ventricle to subsume the role of nonfunctional left ventricle in 

circulating blood to the body. In these circumstances, stealing blood circulation away from the 

ductus arteriosis would be potentially fatal, and significantly, pulmonary vasoconstriction is also 

absolutely essential for survival in order to divert sufficient blood from the right heart through 

the patent ductus arteriosis to the systemic circulation, thus bypassing the non-functional left side 

of the heart to maintain life. The terminology to describe this situation is "neonates dependent 

upon right-to-left shunting of blood" for survival. 

14. Administration of inhaled nitric oxide (iNO) in the context of such right-to-left 

shunting would be catastrophic, because reducing or eliminating the pulmonary vasoconstriction 

would permit blood to be diverted to the lungs and away from the patent ductus arteriosis.l 

Accordingly, an absolute contraindication for the use of iNO in babies dependent upon right-to-

2 

See Fessler MB et al., Right-to-left shunting through a patent foramen ovale in right 
ventricular infarction: improvement of hypoxemic and hemodynamics with inhaled nitric 
oxide. J. Clin. Anesth. 15: 371-4, 1993, at 371. 

See, e.g., Atz AM, Wessel DL. Inhaled nitric oxide in the neonate with cardiac disease. 
Sem. Perinatol. 21 :441-455, 1997, at 452. 
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left shunting of blood has been contained in the INOmax® prescribing information since the 

original approval ofiNOmax® by the FDA in December, 1999.3 

15. Pulmonary engorgement also occurs in adults with serious left-sided heart disease 

due to coronary artery disease ("ischemic cardiomyopathy"), hypertensive heart disease 

("hypertensive cardiomyopathy") or obstructive valvular disease or other conditions that 

similarly restrict the inflow of blood to the left side of the heart such that engorgement of the 

pulmonary blood vessels ensues. It is important to note that restriction of left-sided inflow is 

particularly prominent in the above cardiomyopathies, and is described as diastolic dysfunction.4 

Diastolic dysfunction is extremely common in adult heart disease, especially in the elderly, but is 

extremely rare in childhood heart disease, which is generally caused by either congenital 

malformations or viral infections. 5 

16. To summarize, in adults, left-sided ventricular dysfunction is generally ischemic 

or hypertensive in origin, and is associated with a stiff, non~compliant left ventricle that cannot 

3 

4 

5 

See, Exhibit 2, section 4, Prescribing Inforrilation, INOMAX. 

See "Diastolic Dysfunction" American Heart Association "Learn and Live" website 
visited April 13, 2011: "The heart contracts and relaxes with each heartbeat. The 
contraction part of this cycle is called systole (SIS'-to-le). The relaxation portion is called 
diastole (di-AS'-to-le). In some people with heart failure, the contraction function is 
normal but there's impaired relaxation of the heart. This affects the heart's lower, 
pumping chambers (the ventricles) specifically. If the relaxation part of the cycle is 
abnormal, it's called diastolic (di"as-TOL'-ik) dysfunction. Because the ventricle doesn't 
relax normally, the pressure in it increases and exceeds what's normal as blood for the 
next heartbeat. (It's harder for all of the blood to go into the ventricle.) This can cause 
increased pressure and fluid in the blood vessels of the lungs. (This is called pulmonary 
congestion.) It can also cause increased pressure and fluid in the bl()od vessels coming 
back to the heart. (This is called systemic congestion.) People with certain types of 
cardiomyopathy (kar"-de-o-my-OP'-ah-the) may also have diastolic dysfunction." 

Diastolic dysfunction in children has been described in rare genetic diseases such as 
Marfan's syndrome [that directly affects the elasticity of connective tissue of the heart 
and elsewhere], Kawasaki's disease [that creates cardiac ischemia similar to that in adult 
ischemic cardiomyopathy] or sickle cell disease [that produces fibrotic scars in the 
myocardium]. 
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fill properly ("diastolic dysfunction"). In contrast, in children, left-sided ventricular dysfunction 

is generally not of ischemic or hypertensive in origin and is not associated with impaired filling, 

but rather is associated with a soft, overly elastic heart that cannot push blood out, resulting in 

impaired emptying ("systolic dysfunction"). Thus, adult left ventricular diastolic dysfunction, 

but not childhood left ventricular systolic dysfunction, would lead to pulmonary vascular 

engorgement, requiring caution in the use ofiNO. 

17. Since the approval of iNO in December 1999, INO has from time-to-time 

sponsored, supported or otherwise facilitated - under its own FDA Investigational New Drug 

(IND) application or IND applications filed by other investigators - clinical research exploring 

the efficacy and safety of iNO in clinical contexts outside the approved indication for PPHN. 

The results of these investigations are submitted to the FDA and are often published in the 

medical literature. In May 2004, following detailed consultations with an expert steering 

committee composed of leading world authorities in pediatric heart and lung disease,6 INO 

initiated a multinational randomized controlled 150-patient study entitled "Comparison of 

Supplemental Oxygen and Nitric Oxide for Inhalation Plus Oxygen in the Evaluation of the 

Reactivity of the Pulmonary Vasculature During Acute Pulmonary Vasodilator Testing" 

("INOT22"). Prior to its initiation, the INOT22 study was reviewed and approved by the 

Institutional Review Board (IRB) and/or Independent Ethics Committee (IEC) at each of the 18 

participating study institutions, and by two independent National Health Authorities (the U.S. 

FDA and the European Medicines Agency (EMEA)). At no time did any of the members of 

these boards, committees or agencies counsel against giving inhaled nitric oxide to the proposed 

patient population because of the risk of severe adverse events in pediatric patients (i.e., 

children) with left ventricular dysfunction. 

18. INOT22 was designed and purposed to compare the diagnostic utility of short-

term (10 minute) inhalation of iNO alone, iNO plus oxygen ("02") or 0 2 alone to children 

between the ages of 4 weeks and eighteen years with either idiopathic pulmonary arterial 

6 The steering committee included Dr. David Wessel of the Department of Cardiology, 
Children's Hospital and the Department of Pediatrics, Harvard Medical School. 
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hypertension, congenital heart disease with pulmonary arterial hypertension, or childhood forms 

of cardiomyopathy undergoing diagnostic right heart catheterization and acute pulmonary 

vasodilatation testing to assess pulmonary vasoreactivity. The rationale for INOT22 were: (1) 

that in patients with right ventricular failure and lung disorders, the prognosis and course of 

treatment are determined by acute pulmonary vasodilatation testing (APVT); (2) a reduction in 

the mean pulmonary artery pressure and pulmonary vascular resistance with acute vasodilator 

treatment may be used to predict therapeutic efficacy of long-term vasodilator medication; and 

(3) APVT is also used to evaluate patients being considered for heart or heart/lung 

transplantation; elevated pulmonary artery pressures and pulmonary vascular resistance place a 

strain on the right ventricle leading to an increased risk of perioperative morbidity and mortality 

due to right heart failure post heart transplant. Accordingly, the primary objective of INOT22 

was to compare the number of patients who exhibited reversible pulmonary hypertension 

(vasoreactivity) in response to iNO or iNO plus and oxygen as compared to 100% oxygen alone. 

19. Under the direction of the expert steering committee, inclusion and exclusion 

criteria were established that were intended to ensure the safe use of iNO during the conduct of 

the study. For example, patients dependent on right-to-left shunting and thereby contraindicated 

for iNO treatment were not included. Patients also were excluded if they had focal pulmonary 

infiltrates on chest radiograph, a diagnosis of severe obstructive or restrictive pulmonary disease 

that significantly contributed to the patient's pulmonary hypertension, had received treatment 

with iNO within 30 days prior to study initiation or were on other investigational medications, 

nitroglycerin, sodium nitroprusside, sildenafil, other PDE-5 inhibitors, or prostacyclin, or were 

pregnant. 

20. However, since the inclusion criteria included congenital heart disease or 

cardiomyopathy, many of the patients had, by design, significant childhood heart disease. This 

was not considered to pose a significant risk by the experts on the steering committee (1) based 

on the exclusion of right-to-left shunt-dependent patients, (2) based on prior extensive safe 

experience with iNO in pediatric patients with congenital heart disease or cardiomyopathy by the 
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investigators and published in the medical literature/ and (3) the very different nature of non

ischemic non-hypertensive childhood heart disease from the ischemic or hypertensive adult form 

marked by diastolic dysfunction. 

21. Surprisingly and unexpectedly, severe adverse events including pulmonary edema 

and death were noted during the early phase of the study, and the study was stopped. Analysis of 

the cases revealed that the patients suffering severe adverse events had severe left ventricular 

dysftmction, largely due to viral cardiomyopathy, and exhibited during their right-sided cardiac 

catheterizations an increased pulmonary capillary wedge pressure ("PCWP") of greater than 20 

mm Hg, indicative of elevated pressures in the upper chamber of the left side of the heart (the 

left atrium). 

22. To determine ifthere was a correlation between the severe adverse events and the 

left ventricular dysfunction of the patients that had suffered them, a protocol amendment was 

submitted to FDA to exclude - on an ongoing basis - patients with severe left ventricular 

dysftmction with a PCWP greater than 20 mm Hg from further enrollment in the study. The 

study was then completed. On analyzing the data from the study, the inventors concluded that a 

correlation did, in fact, exist between the severe adverse events that had occurred during the 

study and the left ventricular dysfunction of the patients that had suffered them. Accordingly, 

INO subsequently requested that the FDA add an additional warning to the product labeling for 

INOmax concerning use of the drug within patients with left ventricular dysftmction. The FDA 

agreed and included an additional warning in section 5.4 and the Warnings and Precautions 

section of the INOmax prescribing information (in the US and worldwide).8 

23. Competent practitioners would understand that the warnings included in section 

5.4 and the Warnings and Precautions section of the INOmax prescribing information are 

intended as a separate warning generally applicable to all patients with left ventricular 

dysfunction and not limited to those patients having left ventricular dysfunction that also rely on 

7 See Atz AM et al. Combined effects of nitric oxide and oxygen during acute pulmonary 
vasodilator testing. J. Amer. Coil. Cardia. 33:813-819, 1999, at 814,818. 

See EXHIBIT 2. 
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right to left shunting of blood. This second category of patients is the subject of a separate 

section of the US Package Insert which expressly provides that INOmax is contraindicated for 

patients with this condition. The fact that administration of INOmax would be harmful to 

patients dependent on right to left shunting of blood has been well known for many years as 

demonstrated by several of the references that are of record in the present case including [e.g., 

Atz AM, Wessel DL. Inhaled nitric oxide in the neonate with cardiac disease. Sem. Perinatol. 

21:441-455, 1997]. 

24. Furthermore, no competent practitioner would understand the separate warnings 

in section 5.4 and the Warnings and Precautions section of the INOmax prescribing information, 

or the disclosure in the present application of the potential for severe adverse events in patients 

with left ventricular dysfunction as referring to patients dependent on right to left shunting of 

blood, since it has long been known that the use of INOmax is contraindicated in such patients. 

Rather, the competent practitioner would understand the additional warnings added at section 5.4 

and within the Warnings and Precautions section of the INOmax prescribing information, and the 

disclosure in the present application of the potential for severe adverse events in patients with 

left ventricular dysfunction, as a distinct and separate warning and disclosure that administration 

of INOmax to patients with left ventricular dysfunction generally (even those not dependent on 

right to left shunting of blood~ may result in serious adverse events. 

:•.• 
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25, l hereby declare that all statement~ mr~de he1'ein of my own kno\vledge are true 

and thn.t ~1ll statements made on infbrmation and belief are believed to be true; and further that 

th~~se sMements were made \:Yith the knowledge that wiUt\11 fhlse statements and the Iih~ so 

made are punishable by fine or imprisonment; or both, under Sec.tio.n 1001 of Title 1.8 of the 

Utlited St~ttes Code, and that such \villful .i"lllse statements may jeopardize the validity of the '359 

patent 

26. 
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PERSONAl, DATA 

Name: 

EDUCATION 

High School 

Undergraduate 

Graduate/Professional 

Douglas Alan Greene, M.D. 

Columbia High School, South Orange, NJ, 1962 

·Princeton University, Princeton, NJ, BA Biology(cum laude), 1962-1966 

Johns Hopkins School ofMedieine, Baltimore, MD, M.D., 1966-1970 

POSTDOCTORAL TRAINING 

Medicnl Internship: 

Medical Residency: 

Fellowship: 

Department of Medicine, Johns Hopkins, Baltimore, MD, 1970-1971 

Department of Medicine, Johns Hopkins, Baltimore, MD, 1971-1972 

Medical Fellowship, Department of Medicine, Johns Hopkins University, 
School of Medicine, Baltimore, MD, 1970-1972 

Post-doctoral Research Felh>w, Diabetes, GeorgeS. Cox Medical 
Research Institute; Hospital of the University of Pennsylvania, 
Philadelphia, PA (Dr. Albett I. Winegrad, preceptor), 1972-1975 

Medical Fellowship, Department of Medicine, University of 
Pennsylvanin, School of Medicine, Philadelphia, PA, 1972-1975 

NON-ACADEMIC EMPI,OYMI~NT 

2000-2003 Executive Vice President, Clinical Sciences and Product Development 
(CSPD), Merck Research Laboratories, Rahway, New Jersey, and 
Corporate Officer, Merck, Inc. Supervised and directly managed all 
clinical research, regulatory affairs, clinical and non-clinical quality 
assurance and pharmnco-vigilance at Merck Research Laboratories. 

2003-2006 Vice President, Head Corporate Regulatory Development, Sanofi-Aventis, Bridgewater, 
NJ. Overseeing all aspects of corporate regulatory development of all pre-clinical and clinical 
development projects/life-cycle products in Research & Development. 

2006-2009 Senior Vice Preseident, Chief Medical Officer, Stmofi-A vent is, Bridgewater, NJ. 
Overseeing medical, regulatory, pharmocovigilance, risk mnnugement, education and medical 
communications for US region, Member US Executive Committee, Member Committee 
Operational de Development, International Clinical Development. 

2009-present Senior Vice President, Senior Scientific Advisor, Sanofi-Aventis, Bridgewater, New 
Jersey. Member Corporate Portfolio Valuation Process and Drug Development Committees. The 
position at Ute interface between the Research and Development and Pharmaceutical Operations is 
responsible for providing key scientific nnd medical guidance for sanofi-uventis' scientific 
strategy within U.S. and global contexts to enhance the quality and effectiveness of the company's 
research and product portfolio, including assessment and guidance of internal R&D product 
pipeline and franchise portfolio and external commercial nnd academic innovation opportunities. 
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ACADEMIC APPOINTMl~NTS 

1975-1980 

1980-1986 

1986-2000 

1991-2000 

2000-Prcscnt 

Assistant Professor of Medicine, University of Pennsylvania, School of 
Medicine, Philadelphia, Pennsylvania 

Associate Professor of Medicine, Director, General Clinical Research 
Center and Diabetes Research Laboratories, University of Pittsburgh, 
School of Medicine 

Professor or Internal Medicine, Director, Michigan Diabetes Research 
and Trnining Center, University of Michignn School of Medicine 

Chief, Division of Endocrinology & Metabolism, University of Michigan 
School of Medicine 

Adjunct Professor, Internal Medicine, Division of Endocrinology & 
Metabolism, University of Michigan, School of Medicine 

SELECTED SCIENTIFIC ACTIVITIES 

1988-1994 

1994-2000 

Chairman, Endocrinologic and Metabolic Drug Advisory Board, Food 
and Drug Administration, Washington D.C (Chair, I 990-1994) 

Chairman, Merck Scientific Board of Advisors 

SELECTED SCIENTIFIC PRIZES AND AWARDS 

1986 

1987 

•1987 

1988 

1989 

1994 

1996 

1996 

1998 

First Annual Raymond A. and Robert L. Kroc Lecturer, Eisenhower Medical 
Center, Palm Springs, Cnlifornia 

Moore Award, The American Association of Neuropathologist:;, Seattle, 
Washington 

Carol Sinicki Manuscript Award (The Diabetes Educator), American Association 
of Diabetes Educators, Chicago, Illinois 

Kellion Lecture, Tntemational Diabetes Federation, Sydney, Australia 

Banting and Best Lecture, Toronto General Hospital, Toronto, Canada 

Charles H. Best Lecturer, Toronto Diabetes Association, Toronto, Canada 

Invited Speaker, Seventy-fifth Anniversary Celebrating the Discovery ofTnsulin, 
Toronto, Canada 

First Alan Robinspn Lecturer, University of Pittsburgh 

Outstanding Foreign Investigator Award, Japan Society of Diabetic 
Com pi I cations 

2 
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phosphoinositide metabolism. CRC Critical Reviews in Neurobiology (J. Nelson, ed., CRC Press, 
Inc.), pp. 143-219, 1989. 
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with Type I diabetes in U1e DCCT: A rnndomized, controlled trial. Ann lnt Med 128:517-523, 
1998. 
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1111!monary trypsrien:;!on, w!Hlrll it iHrprnves c>xyummtion al1d r;imrcer, 
tilll n~ed for extnworpore~lnmrn.limrw (>XYU<;nation (1.1). 
MvnitQ!' l~r Pao~., fllelh$Bl!~ilobin, am! immirml NOi tliJring J~JOmar. 
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IND!mr<~" i~ Ci vHnodi!niu~ ·whidl .. In Ci)njmlr·:non whn venti!n1my ~~tPt"X)!t 
~trld. uther ajlj)(iiflri!ite ng:mt&, is iiliH!:ated im 1::~1 lr~atnwnt · itf t;Jrr,1 
aM near··tNm (>~4 w~exs} n:!unal<tS •,<i\lh l:ypm:ll. rm:piratory tiiil\tre 
aswciat:w witt\' cflnicill or ei:lioc!lfdingraphfG i:"iVKinqcn ni· pulmonary 
hypmlm~;iGtl, where tt improvus. oxYiJmmtlon <JniJ r~d<)c;w, ll.l~ rws<J tot 
!»:lmwrpnrnal mnrntlfiitW oxygenati!ln. · · 
lllill>:i! aool!lnnalthc;aples to nlit<imize o:<.ynun (lelil'ery, Jn patients with 
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fn:qtiS<1<:y OS!:illamry ventilation. · · · 
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·in elm ling ~:m~odH(ilnr~:~ ~ntravmwus · fiuict~, bh~tr!H::fl;;it~ thQf~py. · ~tnd 
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cuul\:! \ie JncfH<~smJ 10. t\0 ppm. h:n lllm:ii {iaU;mt,~ <li:f mil tm:n m<pfi)im 
(l!i tiH!_ higiWi :!osB.tw the. ;i:;k of me!hlllimgk>binllmi<l and illu~·s1.1lll Ho., 
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!NOm,?x must M <ieflvffed tt;rough a ::ws!em wllh !iwsll d;ar m:tt:rls1l!:s 
am~ v.mtch tfc~s not cau&a qenBmtiQn nf ~~:\i~t:~;.$}~/t: irm~Hed nitro~.:t:n 
tfio~ill(:. T~'~ fNOyenP~ ~ystt:rl: and. nihPJ ~ystBmn nH~HWtg thB:m {:t:t~;·ia 
w~rH ttli!0 in the dinicai trials, In 1hil vwttll:li<l11 il!liill~t!(), pre<;it.~ 

tn\•nitoring of inspired nittic c~idn artd NO~ :;!m!llc! tw ms\iiJ;illil,.I!Uing 
n prolMiY ca!itlratM Bnalysis devil:~ wili1 HIMns nm S\'!!!f!m sMuw M 
t:<tlihti!WZl UHing 3 proclsoty tletlnml cnlitlr<Hiilil mi:<ltu"it of nifri1: oxt(ls 
<mo nitrogen dioxide. svcil a~ INOcni"'. Si!!llple \iM 1'or an3lysi:> !>i;ould 
hO dmv.~l ilr,foie the Y·piec~. p1'oxinml to..iil:; patilllll. ~IXY!)<m tevr:l$ 
siw\l!d also !)e measured. 
In .the BVe~1t or a syslem laifuw (lr a W31FoJJUG! pow<:r 1i1ilwre, a h<itk•.;p 
battery pow~r suppty·<md rns~r\{H nitric (i~i~f{2 Q:Jif•:::;n: s~~~w1~1· ~lhbl)!(i 
0\<ili'<liffitl~-

06 !:<;t ~.~-i~:ont;nn:; !NOm~; ~hm}~1~};. as it ma~~ n::-~un iil·an im:ft:3~: in 
puintu::3J)' ~rimy p.mHSl;J~ \PA~) HO(l/(tr v;or~a.mi:~n ot. bi()OC~ O>:YH~:naihm 
{P:sG}. OeterionlHun fn o>:yg~:n~;;Hnn ar.c ~!l:\faiion ~t1 PAP mav.lJ!:;o Qi:(:t~:· 
in ¢~li!tirUH \>~·in~ ra}· (tppare:-:t m::r,j_onsH ~t: if~Omt:x. Pi$t..'-m1Httue.t\'Jf?.au 
;:aut!Ollsl~. · 
3 DOSA.~E FOf!MS 1\rm SliU:llltlTHS 
Nitric o:<i1jG i~; s U*' avullable in 1 GO ppm ::md BDO pprn concnntrmiQns. 
il CONlMTNUHlATltlNS . . 

r;{~1.i\m~~~;~·;i\im~i.;~;~i:1~~~i~.~;;;,:;it~;~i~:;~~;:::t;n. ili @/:<!~!} kid!: th i)/ 
li WAilNlNGS AND !'RECA.U1"10NS 
ti.1 iletmuna · 
i\lm;pl dim:?ntimmtkH1 of INCitnax may limtl in wm;;Mill!J Q~.Y0<~nation 
i_l!li! mcremang p>i!mpna')• art~ty tllll<i~u<"(:. 
~.2 Mntlmmogliilllnumi<> 
t\·~~m!~mc,g!~hit~en-:jn. lm;:r~B!WS Wit~ th~ dvse 0! nitf~~ !)Xki::.. tn 
Citn!Cai tt'i3ir:. ln!l:dmurr. UH:.ll'l{!ff}Ogibbin liwe~S :)$tEJih" ·W€UU ftl:KiWd 

appro>:ima\~1)' fi ttc>Drs <tilm k:ilii3ll:m ot infiaf~ion, ;dt!1otJ\lll 
wethellllllliOttirt !t:Vi:b ttava panl·:>:t! as !nle as 4!J il;Jws ll)ik!l~i~\l 
fn!UB!ion of JNOatHx ~ht:r~tpy. i.n nn~·i r:~udy1 i 3 o! ~7 {$5%) of nuvnates 
tmaw;l \~Hli IN Omit:< tlQ ppm hac n1$llmlllC>'\Ji(ii)in .!:Mtls lixce!lliinH 7%. 
F911owin!) d!\:QlJJi!imwti(>n orredu;;;kHt <)f nii:k oxidu. ti\e BJi:t!:;mKK11obln 
~~Vt:!S. t~1~rrrt~d to O~m;Une OVUt H puriod Of hours. , ... 

S.3 Elcv~tatl N02 Levels 
In \li1B SIU<ly, HOt levf)l$ \\'$!'~ <(i)j pp!ii WhM ilaMatcs Woro ftBat<j;j 
wiih JlluceiJ<J, 5 ppm, •lHtf20 ppm nilric oxide overu·,~ first41l twurs. Tile 
60 ppm group had n tn~'<~n pea!·; NIJ, IBVDI ot 2..U p;>m. 
5>4·· •H{iaiJt\~Hili:~····.·.·· ' 

G . A!i\lti\SE.RtACTWNS 
B~cause c!!n}CHl1riai.f; il(~ .. ~:Jndt.a:tBd m:ct~f viidsly v~rying i.'Ondltions. 
~dvl\r$(: re<>CtiV<I mi!:s otl~.e,vo;:J ;n iiw ;:llr:k<>l !ri;JI$ ;)i a \!rug e<umol 
b_e d.trecU)r i:t~rrfp~~:-ed l~: m1~:: j:: the clinlt::.il tri:;ds of ~puthet _: d.rug ~md 
may :-rot.mHm:t tt:B mhn: dn:t~rv~~d in pr:act:fu. ThH· 3~jv{:rst! mm~!!o~~ 
:n.fomiBHm: fmm 1:1e dink!~31 !>W!Jlt:~:. doe$. ~!t:w:evm~ pr0-.;id6 i} j~n~~s tor 
id~ni!fyi_r:·~1 the ativtfr~;e evuuts that ~q.::penrtQ bn fr:~ated to Qn.;g u~~n: .cu:u 
for a;:.prox!matin;J wir;~. 
6,1 Clinlca! Trilll~ llxp:uhmoe 
ConVolla;i tllii\lles h;W<! inel:Hh\d ;);~5 mliiMts eli INOmit>: ern;<:s .of ti to 
$0 pp:i1 >lll!l Z51 tliliit:nti: on plili:!itio. To~!il mortaiify in the pod/:(! t:iafs 
wmt11'Y., on plm:elm ami ~J% Qn !Ntlmux, 3 r(lSUit mluquate to ~xcltKil! 
INOnmx mor!alily il!!ln~ more lhap 40% wowa than placebo. 

In !J(Jtl! the NINOS m1d CINBGI ntucti•m. th~ durafipn of ho~pitalization W8S 
similar in IN(}ma~ an<j plul:ei:t<l·ttauttid gryups. 
From all cvnttoll<!d sl®!o~,.f,ll~r:st G monttts of falioi'I'UP is ;lvail;lllht 
ior 2"~8 ~<Ullents wl1o recn<.vBd lNOm!t:< and 212 patienl:i wl;u r::i:iil\<llil 
p{uceoo. Amo.nn thesv PiWt~~n~:,.:fi:un; wat: no ~.\;fdem.:e .af·· an actvers::. 
eiiil~t ol ~rea!nwm on the iliiiid lor miJ:;~:;:~it;>I!~Mi•m. s:w(:i;ll l!ll!diclli 
·s~rvlca:~~ ~l:tm-onmv di:;.em~e: or i1t?.urolnuic~ 5t£q:Jehm. 
In 1}:~: t~INOS ·swdy, ·tW{ttnwnt ~1HH!~:s '>'·/~~. simi!ur wnh re-!tp${)f to .ttw 
·in;::idHnq~ ?m:i ~tevm,J;y oflnhu,;:uni~!l ii:3morr~agg) Gmt!e !V t~~::·:orr~laui:: 
pE~riv~mhit~HI<tf hHH~(lf(IH!;3dH~ cerut:ru1 ·infrtrct::.1r;, s~fzures H:o~,:!ri~":{l 
':ntt~onvtlls:mt therapy: ;:,:;:;fmo.fl.:fry lwmorrh:1t~u~. :~ c-a~t:iJin~~sHn·~;_i 
;·,~morrhag$. · · ,. 

Tha taQie befqw slmws ~dv::~:w mm:tk,ns thn! <ll:t:t:rW(! m at·!Uust 5% 
ol pnli~n!~ rnc-~ivin;!INOmn:< In lltH~INRGI sili\!Y wHn uver.t rates >o% 
and \llt)a!er tl1Bn pi<Jt:u~o ~veni rates .. N<>n<l<ll th~ oiiftlrences 1i1 thesil 
adverse reactions Wiifl! Matis!i!:alli• !>igr:ifimwt when Jr;hnl<ld nitric oxi1i11 
patients W<'l'tl CO(Il(l<<r(:(l t(i pil!i'Jiil:i w1:eiv:ng piacotJo. 

Tab!(!.1: 
,.........--~A_<l:-:::_~~ ~i!<Wlflllli> lnlM GINfltl Sludy 

Adverse Evllnt F!at:ol)o (11:_~. lilh>l~~N~~ 
Hvpc:-iBn.:;ioH .,_.!}itO%) :~i tt3%} 
w:~~}dmwa:: ..;_ ~1 ! 1 0:~~.: 12 (12:~~: 

,.:~%~~£.,~~·"· ----if---.!~:c;' i.:;?C'-.~':{.~~J_"_ 
jnfH{:t:nn. ;~ &t§L.--4---...:.f}:.;-; ~~;h~·~::::::.i:.__-1 

~~-----~----~-~~-~~;~:~~~~·~~w+--~~~-~~~~i~~----~ 
G~!iu1ftis ,. . .,.~.. ..~ .. ~-~-- 0 l0%j 0 t5%.J -~~--~--~~U----~ 

It>! Pu~t-Mllrfmtil)lJ F.~pcrieuc~J 
The folluwing_ Mvm!ifl r;:acti!mS t)tiv.a b<;on idenliiiml during p()sf•, 
approval ~se of INQma~. Blll:au:m these re~clions me r~pO!teo voluntmllv 
irom a population (if \inC!lf!ilifi ~:ill!. Ins not iihvays j)OS$ibfe to eslimat~ 
tilt:!f tr~quancy reliiltlly ur" w ~1:titttlish ll. c;Jusal re!alicnshlp tu ctrug 
o:<ppsuw. rtl~ li~'tln\) is alpMbil!il:<tl:· (!(>M orrors ;;ssoctale-:i wiiil th~ 
~f.t:Hvt:ry s)·swm: ht:admr.nt:.s n~~:odawd Wiih envkt1nJnen~ai expb~i.iru {)f 
!NOm3l: ln ho~pH;;I ttait; <1ypot(:nsi1m a$s\<t:iale!l witi\ ar.ut;; wi\Mraw<~! 
uf·~h~ Un.:g~ ::)'po:<~mJa ;~~~~~iittO(t with (iCt:~e v .. ·.itiKU~:w.:3J· or tht~· Ctwni 
;.m!rncnmy BiWm<~ il"l pnHHnt~t v·..:ith CHEST ss-min~m:::. 
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7 DRUllltHEH.AOTIOtiS 
No fofmal arug·!ntetactlon studitP.l nave oeen penormM, mid 11 
clinically significant \nteracli()li viiL'l ollH!r me<lir.ations used in !fin 
treatment of hypoxic respfralort lailuro caqnot be exciudud tms~il 
on tho avnilabfo dnHl. JNOmax has boon administered With R!!azulino, 
dopamine, doDlltamine, atciro~ls; siutactant, nnd hiUh·freuunn<:~• 
ventilation .. Alti1ouun ttwrc .am n~.r.tudy dam to evaluate the po!isillility, 
nitric OKide donor (;Ompounds, InclUding SQdiUiil nilrof)r.;s:;klil 3lll) 
nitroglycerin, muy ll.uve an ndditlv(l ell~ct wliiJIHOm<tK (lfl thu i'i!lk of 
daveluplng methemook!tiinemin. M associm!on umween prilm:ai ne 
nnd an ir.cr~as~d rim~ of mcttwrn()gl!Jbinernla. parlk:\ilany ln infants.. 
lias Sjll!Citi¢i1liy been (lt:scriimtl l~ u literature t:iiS<' report 'fhis ris~ 

15 preS{!n\ whetiw uw druga are ndmini:;tawa us cral, p3mn!em!. m 
tupicaJ lormufaUons. 
II US!: m .SPEC!Ftc POPULATIONS 
a. 1 Pregnancy 
Pr\lgmlncyCa\egory C · 
Animal reprodut:llon ~tudiQs lmva . not be on conducwu witli !NOma:< 
f! !s not known it tNOmax· cnn cause fatal Mrm whan adiHfMistamd to 
u pregr\ant woman.or cnn nlfuct raptodvdlva ¢.anacl~J. INOmnx is not 
lntendl!d for adults. 
8;2 l.:.abor am! Ucllvarv 
rnv t:ffect ot INOmax or.1aoor ami tlelil•ory In humans is unknown. 
8,3 Nursln!J Motll&rs 
Niiric. oxide. is not indfc-Jted for ll~e in V1e aduit pupuiatl~n. lm:tudlnu 
nursing mothers, It i~ r.o! kn(>wn whether nitri~ oxide !:; excnHod in 
human milk. 
8,4 Pediahlc Usc 
Nit(!~ oxide for lnhata)ionlta~ bll~n stl.tdied in a neonot3J populsUon (up 
10 14 days or age). No infilnimllim about its uffnctivmwss in olfmr HIJU 
populations is avnilaiJI&. 
8,5 Gerilllrio Usa 
Nitriu oxldill~ nnt lndiculcu for USQ in I he adult population. 
10 OVERDOSAGE 
Over<tosageWllh I !'lOmax will M maniiast b.\' elevations in m~memoglutl!n 
(l.n6 pulmona.:y to>:icilien as>oci~to(! with inspin:d NO~., Ete~njed NOf 
ma,y c:;use aww iWJ9 lnjw-y. Ebations ln methemoglobinemi<t redu~e 
the o~ygei1 ,:elivery .::ap3ci!y of lila vlfc~iation. In ciinicai ~ludies. NO~ 
levels >3 ppm or methemoglobin levels >7% w~re tr~ated by rmi!Ic:inn 
tha dose ot; or dis~Qilllntllng, I NOm ax. 
Molharnogtoblnen1la ti!st t!ous not re!mlve aftl!r rediJr:tlon !.lf 

discontinuation of l!mmp>' can lm toiutud Willi lntmV<mous vitamin 
C, lntravenm1s nwth1fmw bhm. or hlpod transfusion. bnsuct upon thu 
clinical siluaiion. 
11 DESCRIPTION 
!NOma>: (niuic o>:ide i!ilt·l lu il ~rU{! mlmln\stered by i~ha!afion. Nitri!: 
o:<lde, tlie actil•e sn1~1tancn in lNOmnx, is n: putmon~:'{ vasv-:f!liltw, 
iNOmax ls a ~-asemm bi!:!Hi of nilrii: OY.lde ll!l(! nitrog~il {O.Oll% and 
99.92%, mspedlvely for BOO ppm: ().Q1% and \)\).99%, rospe.ctivel\' for 
100 ppm). !NOma:< is supplied in altJmmu.m cylfm:Jers ns a~:omprcsSO(I 
gas under h!gh pressuru (2000 pounds par square inch \)augil fpsl{lj). 
The slruclumi fomwia ot nitric ox!;:Ja (NO) )s shown lielow: 

' .. ' . 
12 Cl!NWI\l PHARMACOLOGY 
12.1 Mechanism or Actlo!l 
tmric oxide is a C()mpo;.;ml produced by m~ny ceJlg of tfm oooy. II 
rei<iY.t!S \•U$cul<:t smoo1!1 muscle oy ~indlng to !hiJ· i;ume nmit!ty <ll 
c)~osolic (lllMylate cyclase, acti\·atinl) gu;~nylate cyclase mid inc:nmiing 
Intracellular ievels ol ~)'cfir. i)Unnomr:e 3',$' ·monophQSf)hate, l'inich 
then leads to wsodilnlkm. When inhnled, nittiG oxide solectiveiy <lilatcs 
ttl<~ pufmonar)' vascu!al;im. and hn\:(IUS(1 oi e«lcient sGa\•engin!l by 
hemoglobin, has minlnwi effect on fht! systemlc. vasculmura, 
INOmax appears to irlCfN•sll llw partial pressure or arterial o~yg~n 
(PaO~\ '»'] dUaUn(J pulmonary Yesseis in better vontilaterJ area!.> ol th& 
limy, redistrlbu!in(l jllllmonnry tliO<./\J How away frqia lung wgiOJi!i with 
iqw ventik1t!onlpun;wion f>I/Oi ratios iowaril regions wHh nvrm<d ratio$. 

12.2. Pl~arnJacodynamlcs 
!:f!ec!s oa Pvimom1t'l Vusclliar \one h1 f'PHN 
Pfil'si:ilent pulmunary llyperiansion of the newborn (PPHNl ove\1rs as 
a prtrmuy developnHmlaf dl)l~~.t oi' a~ a clliiiiitlon secondary to other 
disllases suctt ~$ m~-Gonhlll) aspimtion syr1drorne. (Mi\Sj, pne~111onia. 
sepBis, liyaliil~ nHHnllmne disr.<\se, mingenita! diaphragmatic IHlrnia 
(CQH), and pulmonary llypWla~la. lnllmse states. P.Uiii1onary V3St:u!ar 
msismnce (P\IR) Is high, whh;h r~:;ults in hypoxemkl 81JCm!(imy to 
rigl1Ho·fef! sinmling of !Jinoo th((ntgh the patenl om;! us arterk>su~ m;d 
Iommen ovul~:: l.n lilllHiHlt!S with PPHN, INOmu:< !mprovrm. tl:<ygenaiirm 
(as inrli\.at~d hy l:ignllli:mit incre3$ill< in 1)02). 
12,3 Pharma~;okinctics 
·nte phannat:okineli~'tl ot nitric <mae i1a~ n;;en studied in ~dui!B: 
12.4 Phatrnacokiiintios: Uptaku und Ulslrihuthin 
Nilriil oxido ~~ ntlsortiN l>ystemil~illl' ail!lr lnhalallon. Mosi. (if it twvers<iH 
1he puirnonary vapiflury berl where it <:ornoL1es wflh lmnwuiobir, iimt 
is 60% to HID% oxygM·Hi\turated, Ar!lli!l hJVel of oxygnn snlllmtinn. 
nitrit. oxioe combines: pri!Uomin;mlly wllh oxyllstnogloblu to proouc~ 
mclhemcg!obln an(! n!tm\e, A\ tow ;»;ygen saturation, nitric oxide can 
combine Wilh t1eoxyh~(110UlOllfn to transiently' lorm nltrosylhemoglo!:~r.. 
which is converted to nitrogen o~Jtlt>s ana meth~moglooin ut~on !3XP(!S1Jf~ 
to ox\'gen. Wilnin the puimutwy syataw, nitric oxide canl.:omhiue wiU1 
o~l'gen and waier to rlrmiuoe 1\ltr~en dioxide and nitlite, reSilm:th·iif)', 
whic!l lnter~ct with ox)'hempt;lobh) to produce !!Wtnemouiul!ln (tno 
nitrate, Thus. lim end product$ ol nitri>:: oxide that untur ll\e s~':<Wrni<: 
circulation are prlldomlmmUy melh!?mn~lobin and nitrate. 
12.5 Pharlllac!lkirwtlcll~ Metullollsrn 
Methemugfobill dinpoSlliiilllliis o~en invostlga!JJd ~'S « function ol time 
and nitric oxide exposum conctllitrillion in nnMatcs wilil wspiratory 
fail!JriJ, Tl!ll.mnttir:moglobin {MnlHli) concentntliorHirnt! profiles during 
theli(si 12.hoursnf i.i~f!ll!l!lt!l \oll, li, 20, and 80ppm INOm<1:< arc Shown 
in Figure 1. · 

•r 

flgur~ 1: 
Methcmogloilin Concentralion "'Time Profl!es 
Neonates !nhaHrtrJ. O, 5, 20 or 80 ppm !NOma:< 
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!lour~ Elf momnx MmfnMmtloll 

tMillilrrtoglobirj C!liiGE:ntrl!llein:> im:;m;sed durmg !flu first 8 h!lUfS 
ol niliit: oxide u:<posure. iho mean molhamoglobln levu! ramained 
below 1% in the placi!!IU grou{l and in thli 5 ppm and 20 ppm INOmi~ 
. groups, blrt mactwd approxitnntoly 5% ·in the ao ppm INOmsx group, 
Mutlwmogfobin icvols >?% woro atWlnlld only in j)aiictnts rermiviiltJ 
80 pfim. \\•here t'wy comprised 35% ol the Qro\ip, Tlw av!ll'll()!l liiil!llll 
mac!) pe~~ matherMglobln was iO ,~, 9 lSD) tiO\Jr$ (merliM. B hourJ) 
in thesl' '13 patients, but 011e patient dfc not exceed 7% umil 40 hours: 
12.6 Pharrnaooklnotilm Eiimlnathm 
Ni!ni!u has M~o ltlenUfteilas the priKl¢minam ni!ric oxide tnetai:lolito 
~:<emted irl !ha· urine, accounting lot > 70% oi ·.the nitric o>:.i\lc cos~ 
iqhah:{!, ~iitraw ·is ctmv(l(l. trom the plasma fly the kidney iii nlf!?.:< 
approaching me ratE> of glmm:m!::r Hllwt!Qfl. 
13 .~ONCUfiiCAt TOXICOLOGY 
1~.1 Carclnogencs!si Muli!ynnesis, Impairment Of Fllrtillty 
No evidurwe of a cmdnogcnfc offoct was aop~rent, 3t lnha!otion 
oxposuras up to the l'el'<!f!!monded rJosn (20 ppm), in rats foi 20 hr/dny 
lor vp 10. two y~ars. HI() her expo sum~; h<w1i not been invesfiqaWv. 
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Nitric oxide has demonstrated genotoxlclty In Salmonella (Ames Test}, 
human lymphocytes, and after in vivo exposure In rats. There are no 
animal or human studies to evaluate nitric oxide for effects on fertility. 
14 CUNICAL STUDIES 
14.1 Treatment of Hypoxic Respiratory Failure (HRF) 
The efficacy of INOmax has been Investigated In term and near-term 
newborns with hypoxic respiratory failure resulting from a variety 
of etiologies. Inhalation of INOmax reduces the oxygenation Index 
(01::: mean airway pressure In em H20 x fract!on of Inspired oxygen 
concentration [A02lx 100 divided by systemic arterial concentration In 
mm Hg [Pa021) and Increases Pa02 [see Cl/n/cal Pharmacology (12. 1)]. 
NINOSStudv 
The Neonatal Inhaled Nitric Oxide Study (NINOS) group conducted a 
double-blind, randomized, placebo-controlled, multicenter trial In 235 
neonates with hypoxic respiratory failure. The objective of the study was 
to determine whether inhaled nitric oxide would reduce the occurrence 
of death and/or Initiation of extrecorporeal membrane oxygenation 
(ECMO) in a prospectively defined cohort of term or near-term neonates 
with hypoxic respiratory failure unresponsive to conventional therapy. 
Hypoxic respiratory failure was caused by meconium aspiration 
syndrome (MAS; 49%), pneumonia/sepsis (21 %), Idiopathic prtmary 
pulmonary hypertension of the newborn (PPHN; 17%), or respiratory 
distress syndrome (RDS; 11%). Infants s14 days of age (mean, 1.7 
days) with a mean Pa02 of 46 mm Hg and a mean oxygenation Index 
(01) ol43 em H20 I mm Hg were Initially randomized to receive 1 00% 02 
with (n,114) or without (n=121) 20 ppm nltrfc oxide for up to 14 days. 
Response to study drug was defined as a change from baseline in Pa02 
30 minutes after starting treatment (full response "' >20 mm Hg, partial 
"' 1 D-20 mm Hg, no response a <1 0 mm Hg). Neonates with a less 
than full response were evaluated for a response to 80 ppm nitric oxide 
or control gas. The primary results from the NINOS study are presented 
In Table 2. 

Table 2: 
Summary of Clinical Results from NINOS Study 

Control NO P value 
Cn=121l ln=114) 

Death or ECMO'·' 77 (64%) 52 (46%) 0.006 

Death 20(17%) 16(14%) 0.60 

ECMO 66(55%) 44 (39%) 0.014 

• Extmcorporeal membrane oxygenation 
t Death or need for ECMO was the study's primary end point 

Although the incidence of death by 120 days of age was similar In both 
groups (NO, 14%; control, 17%), significantly fewer Infants In the nitric 
oxide group required ECMO compared with controls (39% vs. 55%, p 
= 0.014). Tha combined Incidence of death and/or Initiation of ECMO 
showed a significant advantage lor the nitric oxide treated group 
(46% vs. 64%, p = 0.006). The nitric oxide group also had significantly 
greater Increases In Pa02 and greater decreases In the 01 and the 
alveolar·artertal oxygen gmdlent than the control group (p<0.001 tor all 
parameters). Significantly more patients had at leas1 a partial response 
to the Initial adminlstmtlon of study drug In the nitric oxide group (66%) 
than the control group (26%, P<0.001 ). Of the 125 Infants who did not 
respond to 20 ppm nitric oxide or control, similar percentages of NO· 
treated (18%) and control (20%) patients had at least a partial response 
to 80 ppm nitric oxide for Inhalation or control drug, suggesting a 
lack of additional benefit for the higher dose ol nitric oxide. No inlant 
had study drug discontinued for toxicity. Inhaled nitric oxide had no 
detectable effect on mortality. The adverse events collected in the NINOS 
trial occurred at similar incidence rates In both treatment groups [see 
Advers11 Reactions (6.1)]. Follow· up exams were performed at 1 8-24 
months for the Infants enrolled In this trial. In the Infants with available 
follow-up, the two treatment groups were similar with respect to their 
mental, motor, audlologlc, or neurologic evaluations. 
CINAGI Study 
This study was a double·bllnd, randomized, placebo-controlled, 
multicenter trial of 186 term and near·term neonates with pulmonary 
hypertension and hypoxic resplmtory failure. The primary objective or 
the study was to determine whether INOmax would reduce the receipt 

ol ECMO In these patients. Hypoxic respiratory failure was caused by 
MAS (35%), Idiopathic PPHN (30%), pneumonia/sepsis (24%), or RDS 
(8%). Patients with a mean Pa02 of 54 mm Hg and a mean 01 of 44 em 
H20 I mm Hg were randomly assigned to receive either 20 ppm INOmax 
(n=97) or nitrogen gas (placebo; n"'89) In addition to their ventilatory 
support. Patients who exhibited a Pa02 >60 mm Hg and a pH < 7.55 
were weaned to 6 ppm INOmax or placebo. The primary results from the 
CINRGI study are presented In Table 3. 

Tabla 3: 
Summary of Clinical Results from CINRGI Study 

Placebo INOmax P value 
ECM0'·1 51/89 (57%) 30/97 (31%) <0.001 
Death 5189 16%) 3/9713%) 0.48 

• Extracorporeal membrane oxygenation 
t ECMO was the primary end point of this study 

Significantly fewer neonates in the INOmax group required ECMO 
compared to the control group (31 o/o vs. 57%, p<0.001). Willie the 
number of deaths were similar In both groups (INOmax, 3%; placebo, 
6%), the combined Incidence of death and/or receipt of ECMO was 
decreased In the tNOmax group (33% vs. 58%, p<0.001 ). 
In addiUon, U1e INOmax group had significantly Improved oxygenation 
as measured by Pa02, 01, and alveolar-arterial gradient (p<0.001 tor 
all parameters). Of the 97 patients treated with INOmax, 2 (2%) were 
withdrawn from study drug due to methemoglobin levels >4%. The 
frequency and number of adverse events reported were similar In the 
two study groups [see Adverse Reactions (6.1)]. 

14,2 lneffeotlve In Adult Respiratory Distress Syndrome (ARDS) 
ARDS Studv 
In a mndomlzed, double-blind, parallel, multicenter study, 385 patients 
with adult respiratory distress syndrome (ARDS) associated with 
pneumonia (46%), surgery (33%), multiple trauma (26%), aspiration 
(23%), pulmonary contusion (18%), and other causes, with Pa02"A02 
<250 mm Hg despite optimal oxygenation and ventilation, received 
placebo (n=193) or INOmax (n=192), 5 ppm, for 4 hours to 26 days or 
until weaned because of Improvements In oxygenation. Despite acute 
Improvements in oxygenation, there was no effect of JNOmax on U1a 
primary endpoint of days alive and off ventilator support. These results 
were consistent with outcome data from a smaller dose mnglng study of 
nitric oxide (1.25 to 80 ppm). INOmax Is not Indicated for use In ARDS, 
16 HOW SUPPLIED/STORAGE AND HANDUNG 
INOmax (nitric oxide) is available In the following slzes: 

SizeD Portable aluminum cylinders containing 353 liters at STP 
ot nitric oxide gas in 800 ppm concentration in nitrogen 
(delivered volume 344 liters) (NDC 64693·002·01) 

SizeD Portable aluminum cylinders containing 353 liters at STP 
of nitric oxide gas In 1 00 ppm concentration In nitrogen 
(delivered volume 344 liters) (NDC 64693·001·01) 

Size 88 Aluminum cylinders containing 196311ters at STP of nitric 
oxide gas in 800 ppm concentration in nitrogen (delivered 
volume 19181iters) (NDC 64693·002·02) 

Size 88 Aluminum cylinders containing 1 9631iters at STP of nitric 
oxide gas in 1 00 ppm concentration in nitrogen (delivered 
volume 1918 liters) (NOC 64693-001·02) 

Store at 25"C (77"F) with excursions permitted between 15-30"C (59-
as•F) [see USP Controlled Room Temperature]. 
OooupaUonaiExposure 
The exposure limit set by the Occupational Safety and Health 
Administration (OSHA) for nitric oxide Is 25 ppm, and for N02 the limit 
Is 5 ppm. 

INO Therapeutics 
6 Route 173West 
Clinton, NJ 08809 
USA 

© 2009 INO Thempeutics SPC-0303 V:4.0 
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METHODS OF TREATING TERM AND NEAR· 
TERM NEONATES HAVING 
HYPOXIC RESPIRATORY FAILURE 
ASSOCIATED WITH CLINICAL OR 
ECHOCARDIOGRAPHIC EVIDENCE OF 
PULMONARY HYPERTENSION 
JAMES S. BALDASSARRE 
IKARIA INC. 
1616 
ARNOLD, ERNST V. 
I001-0002USC1 

DECLARATION OF DAVID L. WESSEL. M.D. 
UNDBR37 C.P.R.§ 1.132 

1, David L. Wessel, do hereby declare the following: 

1. I currently hold the position of Senior Vice President, The Center for Hospital-

based Specialties, at Children's National Medical Center in Washington, D.C., where I am also 

the Division Chief ~f Critical Care Medicine, I am also the Ikaria Distinguished Professor of 

Critical Care Medicine. A copy of my curriculum vitae is attached as Exhibit 1. 

2. I received a bachelor's degree (B.S.) in physics from the College of William and 

Mary in 1972, a bachelor's degree (B.A.) in physiology from Oxford University in 1974, a 

doctoral degree (cum laude) in medicine (M.D.) from the Yale University School of Medicine in 

1978, and a master's degree (M.A.) in physiology from Oxford University in 1983. 

3. Following my graduation from Yale, the majority of my time as a practicing 

physician was spent in academic medicine, where I focused on pediatric cardiology. From 1978- · 

1981, I performed an internship in pediatrics followed by a clinical fellowship at the Yale 

University School of Medicine, From 1981 • 1985, I was a fellow in pediatric anesthesiology at 

Ex. 2007-1098



Applicant : Baldassarre ct al 
12/820,866 
22JUN10 
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Harvard Medical School, where I later became an instructor (1985), assistant professor (1987), 

associate professor (1994), and ultimately professor (2002), all in the area of pediatrics, In 2011, 

I will become a professor of pediatrics at the George Washington University School of Medicine 

and Health Sciences in Washington, DC. 

4. In addition to my academic experience, I have extensive experience in the 

pharmaceutical industry as a member of scientific advisory boards, advisory panels or steering 

committees for companies such as Pfizer, Johnson & Johnson, Eli Lilly, Bristol-Myers Squibb, 

Sanofi-Avenits, and INO Therapeutics.1 

5. In 2005, I chaired the Steering Committee of the Sponsor, INO Therapeutics LLC 

(INOT), to establish, design and oversee the INOT22 Study. In addition to being the Chair of the 

INOT22 Steering Committee, I also am the senior author of Atz and Wessel, Seminars in 

Perinatology 1997, 21(5), pp. 441-455 (Atz et al.). 

6. At the time of the design of the INOT22 Study protocol, neither I, the other Steering 

Committee members, nor the study Sponsor appreciated or anticipated that a child with left 

ventricular dysfunction who is not dependent on right-to-left shunting of blood would be at 

additipnal risk when treated with inhaled nitric oxide (iNO). This is the reason such children 

were not originally ex.cluded from the INOT22 Study entry criteria. 

7. Neither the Atz et al. article that I co-authored, nor the medical literature or medical 

experience of which I was aware at the time, predict this risk. Instead, Atz et al. describes two 

distinct, independent p_recautions with respect to the use of iNO. First, with respect to adults, Atz 

et al. stated that iNO may be more effective in newborns than in older patients, and noted that it 

should be used with caution in adults with ischemic cardiomyopathy in whom a risk of 

pulmonary edema is a consideration (see page 452, left column). Second, with respect to 

neonates, we stated the well-known contraindication (currently found in the INOMAX® 

In the interest of full disclosure, I formerly served as a consultant for INO Therapeutics 
LLC. I currently serve without remuneration as a member of the Ikaria Scientific Board of 
Advisors. In 2010, I was appointed by my institution as the lkaria Distinguished Professor of 
Critical Care Medicine. 
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prescribing information) that iNO should not be used in newborns dependent upon right-to-left 

shunting of blood across a patent ductus arteriosus to avoid circulatory collapse. What we did 

not disclose or predict was that neonatal patients with left ventricular dysfunctioJ?. who are not 

dependent on right-to-left shunting of blood would be at greater risk of adverse events. 

8. It is ironic that my own publication would be cited to suggest that it would have 

been obvious to predict the adverse events and outcomes of the lNOT22 Study when I, the senior 

author of Atz et al., failed to anticipate or predict these unexpected outcomes at the time I 

participated in drafting the original lNOT22 Study protocol. If so, I would have been acting 

either negligently or intentionally to harm babies, and I most certainly was not. Furthermore, to 

my knowledge, none of the other met11bers of the INOT22 Steering Committee who assisted me 

in designing the study, nor the approximately 18 Institutional Review Boards and 2 National 

Health Authorities who reviewed and approved the study prior to its initiation, predicted the 

adverse events in children with left ventricular dysfunction who are not dependent on right-to

left shunting ofblood. 

9. In summary, although it was known that neonates dependent on right-to-left shunt 

should not receive iNO and it had been reported that adults with pre-existing left ventricular 

dysfunction may be at risk when provided iNO, it was unanticipated and surprising that children 

with left ventricular dysfunction who are not dependent on right-to-left shunting would be at 

increased risk of adverse events when administered iNO. 

10. I hereby declare that all statements made herein of my own knowledge are true and 

that all statements made on information and belief are believed to be true; and further 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, and that such willful false statements may jeopardize the val' ity oft 
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CURRICULUM VITAE 

1} PERSONAL DATA 

Date prepared: 

Name: 

Home address: 

Home phone: 

Office Address: 

E-Mail Address: 

Place of Birth: 

Citizenship: 

April 2011 

David Lloyd Wessel 

3251 Prospect St. NW, Suite 404 Washington, D.C. 20007 

202-342-0908 

Children's National Medical Center 
111 Michigan Ave, NW Suite 3W-1 00 Washington, DC 20007 
TEL: 202 476 5047 FAX: 202 476-5868 

dwessel@childrensnational.org 

Newton, Iowa U.S.A. 

United States 

2) EDUCATION: 

1972 
1974 
1978 
1983 

B.S. 
B.A. 
M.D. 
M.A 

College of William and Mary (Physics), Williamsburg, VA 
Oxford University (Physiology), Oxford, England 
Yale University School of Medicine (Medicine), New Haven, CT 
Oxford University (Physiology), Oxford, England 

POSTDOCTORAL TRAINING: 
lnterns.hip and Residencies: 
1978-79 Intern in Pediatrics, Yale-New Haven Hospital, New Haven, CT 
1979-80 Resident in Pediatrics, Yale-New Haven Hospital, New Haven, CT 
~ 981-83 · Resident in Anesthesia, Massachusetts General Hospital, Boston, MA 

Fellowships: 

Wessel Page 1 of 39 

1980-81 Fellow in Pediatric Cardiology and Intensive Care, Yale-New Haven Hospital, New Haven, CT 
1983-84 Fellow in Pediatric Cardiology, Children's Hospital, Boston, MA 
1984-85 Fellow in Anesthesia and Intensive Care, Children's Hospital, Boston, MA 

3) EMPLOYMENT 

CHILDREN'S HoSPITAL, BOSTON 
1985-87 Assistant in Anesthesia 
1985-88 Assistant in Cardiology 
1987-00 Associate in Anesthesia 
1988-89 Associate in Cardiology 
1988-07 Associate in Cardiovascular Surgery 
1988-02 Chief, Cardiovascular Intensive Care Unit 
1989-07 Senior Associate in Cardiology 
1995-02 Division Chief 
2000-07 Senior Associate in Anesthesia 
2002-03 Honorary Consultant, Royal Brompton Hospital, London, U.K. 
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CHILDREN'S NATIONAL MEDICAL CENTER, WASHINGTON, DC 
2007~ Interim Chief, Division of Critical Care Medblne 
2007-09 Executive Director, Center for Hospital Based Specialties 
2009- Senior Vice President, Center for Hospital Based Specialties 
2010- I KARIA Distinguished Professor of Critical Care Medicine, Children's National Medical Center, 

Washington, DC 

ACADEMIC APPOINTMENTS: 
1980~81 Fellow in Pediatrics (Cardiology), Yale School of Medicine, New Haven, CT 
1981~83 Clinical Fellow in Anaesthesia, Harvard Medical School, Boston, MA 
1983-84 Clinical Fellow in Pediatrics, Harvard Medical School, Boston, MA 
1984-85 Clinical Fellow in Anaesthesia, Harvard Medical School, Boston, MA 
1985-86 Instructor in Anaesthesia, Harvard Medical School, Boston, MA 
1987-93 Assistant Professor of Anaesthesia (Pediatrics), Harvard Medical School, Boston, 
1987-94 Assistant Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
1994-99 Associate Professor of Pediatrics, Harvard Medical School, Boston, MA 
1999-02 Associate Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
2002-03 Visiting Professor Imperial College, University of London, London UK (4/02-4/03) 
2002-07 Professor of Pediatrics (Anaesthesia), Harvard Medical School, Boston, MA 
2011- Professor of Pediatrics, George Washington University School of Medicine and Health Sciences, 

Washington, DC (pending) 

4) LICENSURE AND CERTIFICATION: 
1979 National Board of Medical Examiners 
1985-07 Massachusetts License Registration 
1985 American Board of Pediatrics (Permanent) 
1985 . American Board of Pediatrics, Sub-b.oard of Pediatric Cardiology (Permanent) 
1 986 American Board of Anesthesiology (Permanent) 
1987 American Board of Pediatrics, Sub-board of Critical Care (Re-certified 1996, 2004, 201 0) 

5) PROFESSIONAL SOCIETIES & HONORS: 
1982- American Society of Anesthesiologists 
1982-2007 Massachusetts Medical Society 
1986- American Academy of Pediatrics 
1987- Society of Critical Care Medicine 
1987- American Society of Critical Care Anesthesiologists 
1987- Society of Pediatric Anesthesia 
1989- American Heart Association (Fellow) 
1991- Society of Cardiovascular Anesthesiologists 
1995- Society of Pediatric Research 
1999- Pediatric Cardiac Intensive Care Society- President 2000-2004; Vice President, 

Development 2010-

AWARDS, HONORS AND NAMED LECTURES: 
1968 Maytag Scholar (industry sponsored corrpetitive college scholarship) 
1971 Phi Beta Kappa 
1971 Omicron Delta Kappa 
1971 National Physics Honor Society (President) 
1972 General Honors (William and Mary) 
1972 Drapers' Scholar (Oxford) 
1972 Mathematics Honor Society 
197 4 Balliol College Prize (Oxford) 
197 4 First Class Honours (Oxford) 
1978 Cum Laude (Yale) 
1978 Alpha Omega Alpha Honor Medical Society 
1978 Harry S. Greene Prize (Yale) 
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1994 
1994 
1994 
1995 
1995 

1996 
1997-
1999 

2000 

2001 
2002 
2004 

2004 

2005 
2006 
2007 
2010 

2010 

2010 
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Katkov-Lundeen Memorial Lecture, Minneapolis Children's Hospital, Minneapolis, MN 
Saul Usher Memorial Lecture, Montreal Children's Hospital, Montreal, Canada 
Farouk ldriss Memorial Lecture, Children's Memorial Hospital, Chicago, IL 
A. W. Conn Lecture, Hospital for Sick Children, Toronto, Canada 
DiCerbo Foundation Lectureship in Pediatric Critica Care, North Shore University Hospital, 
NewYork, NY 
Teaching Award, Pediatric Cardiology, Children's Hospital Boston 
Listed, Best Doctors in America, continuously since inception 
291

h Annual Jennifer B. Lalin Lecture, Babies Hospital, Columbia Unilersity College o( 
Physicians and Surgeons, New York, NY 
Tenth Anniversary Lecture, Taiwan Pediatric Association, Critical Care Sub Committee, 
Kaohsiung Veterans General Hospital, Taipei, Taiwan 
Recipient, Papas Gift Award for Outstanding Clinbal Care ($25,000 to Children's Hospital Boston) 
M.A. (Honorary) Harvard University, Cambridge, MA 
Keynote Address, Opening Ceremony, Annual Meeting of the European Society of Pediatric and 
Neonatal intensive Care, London, United Kingdom 
Leadership & Mentor Award: "In recognition of your contributions toward improving children's heart 
health," The Fifth International Symposium on Pediatric Cardiac Intensive Careco-sponsored by the 
Pediatric Cardiac Intensive Care Society and the Texas Childran's Heart Center 
Jared Ellsworth Memorial Lecture, Rainbow Babies and Children's Hospital, Cleveland, Ohio 
Eddie Farrell Memorial Lecture, Massachusetts Society of Respiratory Care 
Robert A. Boxer, M.D. Memorial Lecture, Schneider Children's Hospital LIJ, North Shore 
John J. Downes, Jr.,M.D. Lecture, Cardiology 2010, Orlando, FL. Sponsored by Children's Hospital 
Philadelphia. 
Outstanding Research Award in Pediatric Cardiology(Council on Cardiovascular Disease in the Young), 
AHA Scientific Sessions, Chicago, IL 
Anthony Chang Honorary (Inaugural) Lecture. Pediatric Cardiac Intensive Care Society. 

6) ADMINISTRATIVE DUTIES & UNIVERSITY ACTIVITIES 

HOSPITAL AND HEALTH CARE ORGANIZATION SERVICE RESPONSIBILITIES: 
CHILDREN'S HOSPITAL, BOSTON 
1985-91 Attending Physician and Associate Director, Multidisciplinary Intensive Care Unit 
1985-07 Attending Physician in Cardiology (Intensive Care) 
1985-07 Attending Physician in Anesthesia (Cardiac) 
1985-07 Associate in Cardiovascular Surgery (teaching) 

CHILDREN'S NATIONAL MEDICAL CENTER, WASHINGTON, DC 
2007- Attending Physician in Critical Care Medicine, Cardiology, Cardiac Anesthesia 
2007- Member, Children's National Heart Institute 

MAJOR ADMINISTRATiVE RESPONSIBILITIES: 
CHILDREN'S HOSPITAL, BOSTON 
1988-02 Director, Cardiac Intensive Care Unit 
1990 Associate Director, Critical Care Pediatrics Training Program 
1993-02 Treasurer, Board of Directors, Boston Children's Heart Foundation including investigative 

1997-98 
1998-03 
1999-02 
2000-02 
2003-04 
2004-05 
2004-05 

and forensic accounting responsibilities surrounding departed chairman (1993-96) 
Board of Directors, Children's Hospital Physicians' Organization, Boston, MA 
Physician Leadership Council, Children's Hospital, Boston, MA 
Medical Director, Pharmacy, Children's Hcspital, Boston, MA 
Clinical Sponsor, Critical Care Clinical Information System, Children's Hospital, Boston, MA 
Interdisciplinary Peer Review 'Assignments and Presentation of Critical Events to JCAHO 
Board of Directors, Boston Children's Heart Foundation 
Physician Leadership Council, Children's Hospital, Boston, MA 
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CHILDREN'S NATIONAL MEDICAL CENTER, WASHINGTON DC 
2007- Accountable executive for clinical Center of Excellence; $200M revenue, more than 700 ill! time 

employees. Includes divisions and departments of critical care medicine (both cardiac and pediatric ICI 
neonatology; hospitalist medicine (inpatient general pediatrics); emergency medicine; radiology; respin 
care services (respiratory therapy); infectious disease, hrnpital infection control and epidemiology; 

2007-
2007-
2007-
2007-
2007-
2007-
2007-
2007-
2007-
2008-
2009-

endocrinology and the diabetes care complex; transport medicine, fetal and transitional medicine, ECN 
Leadership Council · 
Children's Hospital Foundation Board of Directors 
Critical Care Committee (Co-Chair) 
Executive Committee of the Medical Staff 
Executive Directors Council (Senior Vice President Council2008-) 
Hospital Based Specialties (HBS) Leadership Committee (Chair) 
HBS Campaign Council (Chair) 
Strategic Planning Council 
Interim Chief, Division of Critical Care Medicine 
Healthcare Review Committee (risk management financial governance) 
Steering Committee Strategic Planning Council (201 0-15) 

MAJOR COMMITTEE ASSIGNMENTS: 
HARVARD MEDICAL SCHOOL 
1996-98 Futility of Care Task Force, Harvard Medical School 
1999 Search Committee, Chief of Pediatric Pulmonary Medicine, Children's Hospital, Boston, MA 
2005-07 Ad Hoc Evaluation Committee for Professorial Promotion 

CHILDREN'S HOSPITAL, BOSTON 
1988-93 Multidisciplinary Intensive Care Committee 
1989-90 Chairman, Hospital Task Force on Sedation 
1990-92 · Hospital HMO Committee 
1991-92 
1991-93 
1991 
1992 
1992-99 
1992 
1992 
1992 
1993 
1993-01 
1996-98 
1998-01 
1998-01 
2000 
2000-02 
2000-02 
2000-06 
2004-05 
2004-07 
2005-07 
2006 
2006-07 
2006-07 

Medical Staff Quality Improvement Committee 
Department Quality Improvement Officer 
Hospital Review Committee for Department of Clinical Laboratories 

· Chairman, Nominating Committee, Medical Staff Association 
Chairman, Special Care Units Committee 
Hospital Search Committee for Director of Clinical Laboratories 
Physician Advisory Committee on Computers 
Operations Improvement Committee 
Hospital Search Committee for MICU Director 
Cardiovascular Program, Quality Improvement Committee 
Product Standardization Council 
Planning and execution committee for ICU electronic clinical information system 
Clinical Oversight Committee for Transport 
Nominating Committee, Physician's Organization 
Chairman, Pharmacy and Therapeutics Committee 
Hospital Task Force on Clinical Building and New Construction 
ICU Committee 
Committee on Pension Investments, Physicians' Organization 
Quality and Outcomes Measurement, Physicians' Organization 
Program for Patient Safety and Quality Implementation Committee 
Hospital Search Committee for Non-invasive Cardiology Division Chief 
Hospital Peer Review Panel 
Physician Profile Task Force 
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DEPARTMENT OF CARDIOLOGY. CHILDREN'S HOSPITAL, BOSTON 
1988-01 Fellowship Selection Committee 
1998-02 Audit and Finance Committee 
1998-02 Computing Committee 
2004-05 Audit and Finance Committee 

CHILDREN'S NATIONAL MEDICAL CENTER, WASHINGTON DC 
2007-09 Facilities Leadership Committee 
2007- Growth ManagemenU CARE 
2007- NICU Steering Committee 
2007- Quality and Clinical Effectiveness Committee 
2007- Quality and Safety Council 
2007- Information Technology Oversight Committee 
2007-09 CTI Clinical Advisory Council (electronic medical record) 
2007- Task Force on Access/Referral 
2007-08 Hospital Search Committee for Cardiology Division Chief 
2007- Safety Transformation Advisory Council 
2009- Executive Oversight Committee (post graduate education) 
2009- Physicians Advisory Committee (third party payor contracts) 
2011- . Physician Productivity Committee (Chair) 
2011- Internal Advisory Board, GWU I CNMC, for NIH funded CTSI Award (Chair) 

NATIONAL & INTERNATIONAL 
1995 Clinical Trials Review Committee f.Ad hoc reviewer), Natbnal Institutes of Health 
1995-98 Invited Speaker, Cardio-renal Advisory Panel, U.S. Food and Drug Administration 
2004-06 Task Force ACC AHA MP: Requirements for Pediatric Cardiac Critical Care Training 
2005-06 Multi-Societal Committee (PCICS/EACTS/STS) Complications in Pediatric and Congenital 

Cardiac Surgery Project 
2008- National Institute of Allergy and Infectious Disease .Transplant Data and Safety Monitoring Board 

(DSMB)- Member 
2010 . FDA Invited Speaker, Continuing Education Series 
2010 International Liaison Committee on Resuscitation (ILCOR): 2010 Consensus Statement and 

Treatment Recommendations. 
2011 Joint American Heart Association (AHA)- American Thoracic Society Expert Guidelines Statement 

on Pediatric Pulmonary Hypertension. 

INDUSTRY 
1994-97 
1998-02 
1999-01 

2001-06 
2001-02 
2001-03 
2001-09 
2003,-
2005-07 

2005-07 
2005-07 
2006-

2009 

Scientific Advisory Board on Nitric Oxide, Ohmeda Pharmaceuticals 
Curriculum Development Committee, INO Therapeutics 
Steering Committee, Prophylactic use of Primacor® in pediatric patients at high risk of developing 
low cardiac output syndrome following cardiac surgery. PRIMACORP study-Prophylactic 
intravenous use of milrinone after cardiac operation in pediatrics. SanoHSynthelabo Inc. 
Chairman, Advisory PaneiiNOTherapeutics · 
Scientific Advisory Board AGA-Linde 
Protocol Planning Committee (POE V inhibitors) Pfizer 
Scientific Advisory Board for pulmonary hypertension research development, Pfizer 
Steering Committee for Multicenter Trial on Diagnostic Use of Inhaled Nitric Oxide 
Steering Committee for Multicener Trial on Use of Nesiritide in Children, SCI OS (Johnson & 
Johnson) 
Advisory Committee on lloprost and Treatment of Pulmonary Hypertension in Children, Cotherix 
Advisory Board, Eli LilyVardenafil for Pediatric Pulmonary Hypertension 
Steering Committee (Chairman) for Multicenter Trial on Use of Clopidogrel in Children(CLARINET), 
Bristol-Myers Squibb & Sanof~Aventis 
Advisory Panel, Nesiritide Use in Pediatric Cardiovascular patients, Johnson & Johnson 
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COMMUNITY SERVICE RELATED T9 PROFESSIONAL WORK: 
1994-97 Lecturer, Human Body Curriculum, Wellesley Public School System, Wellesley, MA 
1996 Hospital Spokesman, Boston/Filenes' Holiday Festival 
1996 Campaign for William & Mary, 2Bh Anniversary Committee 
2000-02 Hospital Spokesman, Capital Campaign and Children's Hospital Boston Fundraising, including keynott 

speaker, 2000 
2007- Multiple CNMC Fundraising and Community Benefit Event('~ presentations to Emeritus and Lady Visitc 

Boards, etc. 
2008 Speaker, CNMC Corporate Leadershp Council "What's Up, Doc?'' Breakfast, World Bank, Washingtor 

D.C. 

EDITORIAL BOARDS/REVIEW COMMITTEES: 
Ad Hoc Reviewer: 

Acta Pediatrica 
American Journal of Cardiology, American Journal of Physiology 
American Review of Respiratory Diseases and Critical Ca-e 
Anesthesia & Analgesia, Anesthesiology 
Annals of Thoracic Surgery 
Archives of Diseases of Childhood 
Cardiovascular and lnterventional Radiology 
Chest 
Circulation 
Critical Care Medicine 
European Heart Journal 
Future Cardiology 
Journal of Intensive Care Wledicine 
Journal of Pediatrics 
Journal of Thoracic and Cardiovascular Surgery 
Mayo Clinic Proceedings 
Pediatrics, Pediatric Cardiology, Pediatric Critical C<1re Medicine, Pediatric Research 
Proceedings of the National Academy of Science 

Invited consultant, to review and make recommendations to institutional programs for pediatric cardiovascular care 
(national and international) 

Asked by Children's Hospital Boston to chair ad hoc committees reviewing sentinel events, other critical incidents and 
report the hospital's analysis and action to the Hospital's Board of Trustees, JCAHO, etc. 

7) EDUCATIONAL ACHIEVEMENTS 

REPORT OF TEACHING 
1. LOCAL CONTRIBUTIONS 

a) MEDICAL SCHOOL 
Yale University School of Medicine, New Haven, CT 
1975~76 Program leader, Cardiovascular physiology core lectures in Physician's Associate Program 

Designed lecture series for new PA program; 20 hours/year 

Harvard Medical School, Boston, MA 

1983-98 Instructor, Cardiovascular Physiology Animal Laboratory, Harvard Medical School 
Approximately 60 medical students; one day per year 

1985-89 Cardiovascular Pathophysiology, Laboratory section on congenital heart disease 
Approximately 30 medical students; half day per year 
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1985-89 PGY clerkship in Pediatrics 

Lecturer in Critical Care (Multidiscipinary ICU) 
2 medical students each lecture; 12 hours/year 

b) GRADUATE MEDICAL EDUCATiON (LOCAL) 

Wessel Page 7 of 39 

1985-89 Didactic seminars on cardiovascular pathophysiology for pediatric critical care fellows and 
rotating residents 
Lecture once per week, 1· hour, 6 trairees per lecture 

1986-93 Developed and taught core curriculum: introduction to anesthesia and critical care for 
cardiologists 
Lecture once per week, 1 hour, six weeks, 20 fellows and junior faculty. Preparation, 40 hours 
per year · 

1985-89 Co-developed tutorials on congenital heart disease and supervised core staff (3 tutors) for 
instruction of cardiology and cardiac ICU fellows during ICU rotation 
Lectures three mornings per week, 1/2 hour, 34 fellows; preparation, 2 hours per week 

1985-07 CICU attending rounds 
3 pediatric residents (1985-1989), 4-8 fellows and senior surgical residents; 18 hours/week, 
16-40 weeks/year (varies with year) 

1990-96 Chiefs' Ward Rounds 
3 medical students, 3 pediatric residents, 1 cardiology fellow; monthly 12 hous/year 

1996-07 Didactic lectures to cardiology fellows teaching pro~tram 
20 fellows 3 times per year 

2002-03 Didactic lectures (monthly) to trainees at Royal Brompton Hospital. London 

c) 130STON INVITED TEACHING PRESENTATIONS (SELECTED) 
1984 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
.1991 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1992 Surgical Grand Rounds, Children's Hospital, Boston, MA 
1992 Medical Grand Rounds, Children's Hospital, Boston, MA 
1994 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
1996 Anesthesia Grand Rounds, Massachusetts General Hospital, Boston, MA 
1996 PICU Teaching Sessions, Massachusetts General Hospital, Boston, MA 
1997 Surgical Grand Rounds, Children's Hospital, Boston, MA 
1997 Medical Grand Rounds, Children's Hospital, Boston, MA 
1998 Anesthesia Grand Rounds, Children's Hospital, Boston, MA 
2003 Grand Rounds and teaching rounds, Royal Brompton Hospital, London, UK 
2004 Neonatology Clinical Working Group, Children's Hospital, Boston, MA 
2004 Department of Respiratory Therapy Clinical Working Group, Children's Hospital, Boston, MA 
2005 Department of Cardiology, Didactic Series, Children's Hospital Boston, Boston, MA 

d) WASHINGTON DC AREA INVITED TEACHING PRESENTATIONS (SELECTED) 
• Chief Rounds Monthly to ICU & Cardiology fellows and staff (15-20 physicians, 2hrs/month), CNMC, 0( 
• ICU Attending Rounds, Children's National Medical Center, DC 
~ Clinical Research Presentation to ICU/Cardiology Fellows 2 times per year, Children's National Medica 

Center, DC 
• Grand Rounds, Children's National Medical Center, DC 
• Grand Rounds, Mary Washington Hospital, VA 
• Grand Rounds, Anne Arundel Medical Center, MD 
• Teaching Rounds, Division of Critical Care Medicine, National Institutes of Health 
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e) CONTINUING MEDICAL EDUCATION (LOCAL) 
1988 Lecturer 

Harvard Medical School, Continuing Education Course in Pediatric Anesthesia 
"Anesthesia for Congenital Heart Disease" 

1990 Lecturer 
Harvard Medical School Continuing Education Course in Pediatric Anesthesia 
"Common Congenital Cardiac Lesions" 

1989 Moderator 
Harvard Medical School, Continuing Education Course in Pediatric Cardiovascular Disease 

1993 Lecturer 
Symposium on Brain Injury and Cardiac Surgery, Harvard Medical School, Boston, MA 
"Choreoathetosis After Cardiopulmonary Bypass" 

1996 Lecturer 
Harvard Medical School Continuing Education Course in Pediatric Anesthesia 
"New Vasoactive Drugs" 

1998 Qo-director, First Annual Course: Frontiers in the Di.agnosis and Management of Congenital 
Heart Disease, Children's Hospital, Boston, Harvard Medical School, Boston, MA 

1999 Co-director, Second Annual Course: Frontiers in the Diagnosis and Management of 
Congenital Heart Disease, Children's Hospital, Boston, Newport, Rhode Island 

2001 Co-director, Third Annual Course: Frontiers in the Diagnosis and Management of Congenital 
Heart Disease, Children's Hospital, Boston, Newport, Rhode Island 

f) ADVISORY AND SUPERVISORY RESPONSIBILITIES (LOCAL} 
1987- Responsible for clinical supervision and educational component of criical care for cardiology 

fellows in a large pediatric cardiology training program (two months each year for each of 18 
fellows spread over 2-3 years of training). 

1990-02 Responsible as mentor for clinical, educational and clinical research activities of2-3 senior 
clinical fellows each year. 

1985- Shared responsibilities for cardiovascular education and clinical supervision of pediatric critical 
care fellows in the CICU (3-5 months per year for &6 fellows spread over 2-3 years of 
training). 

1985-02 Shared responsibilities for critical care educational component of pediatric cardiovascular 
surgical training program (1 0 surgical residents each year rotating for 6 months each). 

1987-02 Responsible for medical education and clinical advisory tasks for conthuing education 
seminars for 80 critical care nurses. 

g) LEADERSHIP ROLE (LOCAL) 
1998-01 Program Co-Director 

Annual Course, ''Frontiers in Diagnosis and Management of Congenital Heart Disease" Shared 
responsibility for organizing and executing post gradt.ete course attended by 200 pediatric 
cardiologists cardiovascular surgeons and nurses from the US and abroad. 
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h) NAMES OF SELECTED TRAINEES AND/OR FORMER CICU STAFF WHO HAVE CURRENT LEADERSHIP POSITIONS 
1985-88 Gil Wernovsky, MD,FACC *t§ 

Director of Program Development 
Former Director, Cardiac Intensive Care Unit 
The Children's Hospital of Philadelphia 
Professor of Pediatrics 
University of Pennsylvania School of Medicine 
Philadelphia, Pennsylvania 

1988-89 Ling Chen, MD * 
Director, Cardiac Intensive Care Unit 
Shanghai Children's Medical Center 
Shanghai, China 

1989-92 Pierre C. Wong, MD *t 
Cardiology Medical Director, Transplantation 
Children's Hospital of Los Angeles 
Los Angeles, California 

1989-92 Stephen J. Roth, MD, MPH *t 
Director, Cardiac Intensive Care Unit 
Lucile Packard Children's Hospital 
Associate Professor of Pediatrics 
Stanford University School of Medicine 
Palo Alto, California 

1989-92 Nancy Bridges, MD 
Chief, Transplantation Immunology Branch, Division of Allergy, lmmundogy, and 
Transplantation 
National Institute of Allergy and Infectious Disease 
Bethesda, Maryland 

1990-92 Howard A. Zucker, MD, FACC* 
Deputy Director of the World Health Organization 
Geneva, Switzerland 

1990-93 Kevin B. Churchwell, MD 
Chief Executive Officer (CEO) for Nemours/Alfred I. duPont Hospital for Children 
Wilmington, DE. 

1990-93 Anthony C. Chang, MD *t§ 
Medical Director, CHOC Children's Heart Institute 
Children's Hospital Orange County 
Orange, California 

1991-94 ian Adalia, MB, ChB, MRCP (UK), FRCP (C) *t 
Director, Pediatric Cardiac Critical and Intermediate Care Program, 
Director, Pediatric Pulmonary Hypertension Clinic, 
Stollery, Children's Hospital, 
Professor of Pediatrics 
University of Alberta 
Edmonton, Alberta, Canada · 
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1992-96 Andrew M. Atz, MD *t§ 
Director, Pediatric Cardiac Intensive Care Unit 
The Children's Heart Program 
Associate Professor of Pediatrics 
Medical University of South Carolina 
Charleston, South Carolina 

1992-96 David P. Nelson, MD, PhD* 
Director, Cardiac Intensive Care 
Cincinnati Children's Hospital Medical Center 
Professor of Pediatrics 
Cincinnati, Ohio 

1992-97 Sarah Tabbutt, MD, PhD * 
Director, Pediatric Cardiac Intensive Care Unit 
UCSF Children's Hospital 
San Francisco, California 

1994-97 Ricardo A. Munoz, MD *t§ 
Director, Pediatric Cardiac Intensive Care 
Director, Global Business and Telemedicine 
Children's Hospital Pittsburgh 
Associate Professor of Pediatrics 
University of Pittsburgh 
Pittsburgh, Pennsylvania 

1994-99 Melvin C. Almodovar, MD *t§ 
Medical Director, Cardiac Intensive Care Unit 
Boston Children's Hospital 
Assistant Professor 
Harvard Medical School . 
Boston, Massachusetts 

1995-96 Brendan O'Hare, MD* 
Consultant in·Anesthesia and Critical Care 
Our Lady's Hospital for Sick Children 
Crumlin, Dublin, Ireland 

1995-96~Steven Schwartz, MD 
Director of Cardiac Intensive Care 
Hospital for Sick Children 
Assistant Professor of Pediatrics 
University of Toronto 
Toronto, Ontario, Canada 

1996-97 Alain Fraisse, MD *t 
Chief, Clinical Pediatric Cardiology 
Hopital D'Enfants de Ia Timone 
Professer of Pediatrics 
Universitaire de Marseille 
Marseille, France 
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1997~98 Guillermo Palacio, MD 
Director Pediatric Cardiac Intensive Care Unit 
Fundacion Cardlo lnfantil 
Bogota, Colombia 

1997~98 Mary B. Taylor, MD* 
Director, Pediatric Cardiac Critical Care 
Cardiology and Critical Care 
Vanderbilt Children's Hospital 
Associate Professor of Pediatrics 
Vanderbilt University Medical Center 
Nashville, Tennessee 

1997-99 Rajiv Chaturvedi, MB BChir, MRCP (UK), MD* 
Pediatric Cardiology 
Hospital for Sick Children 
Assistant Professor 
University of Toronto· 
Toronto, Ontario, Canada 

1998-01 Ravi Thiagarajan, M.D.* t § 
Director, Cardiac ECMO Program 
Children's Hospital Boston 
Associate Professor of Pediatrics 
Harvard Medical School 
Boston, Massachusetts 

1998-02 Peter C. Laussen, MBBS § 
Chief, Division of Cardiovascular Intensive Care 
D. D. Hansen Chair in Pediatric Anesthesia 
Senior Associate in Cardiology 
Children's Hospital Boston 
Professor of Anesthesia 
Harvard Medical School 
Boston, Massachusetts 

1998-99 Mary P. Mullen, MD, PhD*§ 
Director, Pulmonary Hypertension Program 
Assistant in Cardiology 
Children's Hospital Boston 
Assistant Professor in Pediatrics 
Harvard Medical School 
Boston, Massachusetts 

1999 Janet M. Simslc, M.D.* 
Director, Pediatric Cardiac Intensive Care Unit 
Nationwide Children's Hospital 
Columbus, Ohio 

• 2000 Erica A. Kirsch, MD* 
Director of Pediatric ECMO Program 
Associate Professor of Pediatrics 
University of Mlssour~Kansas City School of Medicine 
Kansas City, Missouri 
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2003~05 Margarita Burmester, MBBS* t 
Consultant in Pediatric Intensive Care 
Royal Brompton Hospital 
Imperial College · 
London, United Kingdom· 

* Clinical Trainees 
t Research Trainees 

Wessel Page 12 of 39 

§ Faculty In CICU, Children's Hospital Boston 
during my tenure as Chief · 

TEACHING AND EDUCATIONAL LEADERSHIP.ROLES (LOCAL AND INTERNATIONAL) 
1987 Critical Care Consultant for Project Hope and the Cardiac htensive Care Unit, Xin Hua, 

Shanghai, China. Developed teaching program for critical care and supervised clinical training of 
physicians during 2~6month exchange programs. 

1996- Abstract and Program Reviewer for many National and International SocietiES Including 
SPR, AHA, ACC, PCICS, World Congress 

2000 Invited faculty and cardiovascular program curriculum track convener 
Ill International Congress of Pediatric Intensive Care, Montreal, Canada. 

2002 Scientific Programme, Coordinator 
The Third Special Topics in Paediatric Cardiac Intensive Care, The Failing Myocardium 
Royal Brompton Hospital, Imperial College, London, United Kingdom 

2003 Invited faculty and cardiovascular program curriculum track convener 
IV International Congress of Peciatric Intensive Care, Boston, MA 

2004 Discussant Leader and Co-author (after Tom Kulik) on Critical Care Training Guidelines in 
Cardiology (SCCM, PCICS, AHA, ACC) 

2005 Scientific Program Committee Pediatric Cardiac Intensive Care Symposium 2005 (PCICS 2005), 
Miami, FL 

2006 Planning Committee, First International Conference on Childhood Pulmonary Vascular 
Disease, San Francisco, CA 2007 

2008 Critical Care Consultant, University of Mississippi Medical Center, Jackson, MS 

TEACHING AWARD(S) RECEIVED 
1996 Faculty Teaching Award, Dept. Cardiology, Children's Hospital, Harvard Medical School 
2010 Top rated faculty teacher for division of critical care medicine in trainee survey 

MAJOR CURRICULUM OFFERING, TEACHING CASES OR INNOVATIVE EDUCATIONAL PROGRAMS DEVELOPED 
1990-02 Developed a senior clinical fellowship training program for cardiac intensive care with short 

term training experience available through formal training program relationships with the 
MICU, Children's Hospital; PICU, Massachusetts General Hospital; Neonatology, Children's 
Hospital; Neonatology, University of Vermont. Long term (6-36 month) training program 
applicants accepted (2~3 per year) from candidates in advanced levels of fellowship training 
from national and international prograrrs. 
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1988-90 In collaboration with the Cardiovascular Nursing Director, developed, reviewed and 
edited algorithms for care, nursing practice and clinical practice guidelines and quality 
improvement manuals for the Cardiovascular Program, Children's Hospital, Bosbn. 

2004 In collaboration with Pediatric Cardiac Intensive Care Society and the Training Program 
Directors for Pediatric Cardiology, coauthored (with T. Kulik and others) the report to the 
Joint Committee on Training Programs (AHA/ACC) on training requirements in critical care 
for pediatric cardiology trainees. · 

2008 As interim division chief of critical care medicine at Children's National Medical Center, I 
implemented and supervised a reorganization of the fellowship training program, its 
leadership and aspects of its curriculum 

8) CONSULTANT APPOINTMENTS 
V!SlTJNG PROFESSORSHIP: 

1986 Visiting Professor 
"Critical Care of the Child with Congenital Heart Disease" 
Department of Cardiology, Children's National Medical Center, Washington, D. C. 

1993 Visiting Professor, 
"Perioperative Care of the Neonate with Congenital Heart Disease" 
University of Southern California, Children's Hospital of Los Angeles 

1993 Visiting Professor 
"Nitric Oxide and ECMO Therapies for Persistent Pulmonary Hypetension of the Newborn" 
Schneider Children's Hospital, Albert Einstein College of Medicine, New York, NY 

1994 Visiting Professor 
"Perioperative Care of the Critically Ill Neonate with Congenital Heart Disease; Perioperative 
Management of Low Cardiac Output" 
Medical University of South Carolina, Charleston, SC 

1994 Visiting Professor 
"Inhaled Nitric Oxide in the Treatment of Children with Congenital Heart Disease" 
Dennison Young Memorial Symposium, Montefiore Medical Center, New York, NY 

1994 Visiting Professor 
"Care of the Critically Ill Neonate" 

Minneapolis Children's Hospital, Minneapolis, MN 

1994 Visiting Professor 
"Therapeutic Applications of Inhaled Nitric Oxide" 
Children's Memorial Hospital, Chicago, IL 

1994 Visiting Professor 
Grand Rounds: "Treatment of Pulmonary Hypertension" 
Montreal Children's Hospital, Montreal, Canada 

1995 Visiting Professor 
"Multidisciplinary Management of Complex Congenital Heart Disease" 
Anesthesia and Critical Care Grand Rounds, Hospital for SickChildren 
University of Toronto, Toronto, Canada 
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1995 Visiting Professor 
"Controversy in Critical Care: New Views of Simple Gases (Q, C02, H2 and NO)" 

Anesthesia Grand Rounds, Children's Hospital of Philadelphia, Philadelphia, PA 

1995 Visiting Professor 
"Nitric Oxide: Magic and Medicine" 
Medical College of Georgia, Augusta, GA 

1995 Visiting Professor 
"Controversy in Critical Care: New Views of Simple Gases" 
Children's Hospital of Pittsburgh, Dept of Surgery, University of Pittsburgh,Pittsburgh, PA 

1995 Visiting Professor 
"Perioperative Care of the Newborn with Congenital Heart Disease" 
Division of Pediatric Cardiology, Yale University School of Medicine, New Haven, CT 

1997 Visiting Professor 
"Perioperative Care in the Child wth Congenital Heart Disease" 
Pediatric Grand Rounds, Vanderbilt Children's Hospital, Nashville, TN 

2000 Visiting Professor 
"Newborns with Heart Disease: Extending the Limits of Intervention" 

Columbia-Presbyterian Medical Center, Babies Hospital, Netv York, NY. 

2003 VIsiting Professor 
"Treatment of Low Cardiac Output" 
Cardiovascular Rounds, Hospital for Sick Children, Great Ormand Street, 
London, United Kingdom 

2005 Visiting Professor 
Multiple lectures. University of Pittsburgh, Department cf Critical Care Medicine, University of 
Pittsburgh Medical 
Center and the Children's Hospital of Pittsburgh 

2005 Visiting Professor 
" Progress and problems in the treatment of critical heart disease" 
Ellsworth Memorial Lecture, Pediatric Grand Rounds, Rainbow Babies & Children's Hospital, 
Cleveland, OH 

2006 Visiting Professor 
"Navigating a career in Medicine". Health Careers Club, College of William & Mary, 
Williamsburg, VA 

2009 Visiting Professor 
"The Challenges of Postoperative Care of the Child with CHD" 
Pediatric Grand Rounds, Vanderbilt Children's Hospital, Nashville, TN 

9) PRESENTATIONS 

NATIONAL 

1990 · Seminar Moderator 
"Cardiovascular Disease" 
Fourth Pediatric Critical Care Colloquium, Waterville, NH 
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1991 Invited Lecture 
"Perioperative Management of Congenital Heart Disease" 
Annual Meeting, Society of Pediatric Anesthesia, San Francisco, CA 

1992 Workshop Faculty 
"Anesthesia for Congenital Heart Disease" 
Annual Meeting of the Society of Cardiovascular Anesthesiologists, Bosbn, MA 

1992 Invited Lectures 
"Perioperative Management & Decision making in the Neonate with Congenital Heart Disease" 
Critical Care Pediatrics Symposium, Arnold Palmer Hospital, Orlando, FL 

1992 Invited Lectures 
Multiple topics on Critical Care of Children with Heart Disease and 
"Treatment of Pulmonary Hypertension with Inhaled Nitric Oxide" 
First World Congress of Pediatric Critical Care, Baltimore, MD 

1992 Anesthesia Grand Rounds 
"Postoperative Care of the Child with Congenital Heart Disease" 
Maine Medical Center, Portland, ME 

1992 Invited Faculty 
"Postoperative Management of the Open Heart Surgery Patient" 
Society of Criti.cal Care Medicine, Pediatric Critical Care Clinical Review Series, 
San Antonio, TX 

1993 NIH Invited Lecture 
"Nitric Oxide in Congenital Heart Disease" 
National Institutes of Health Workshop: The effects of Nitric Oxide on the Lung, Bethesda, MD 

1993 NIH Invited Lecture 
"Indications for NO in the Newborn with Heart Disease" 
National Institutes of Health Workshop on Nitric Oxide and the Perinatal Period, Bethesda, MD 

1993 Symposium 
"Nitric Oxide Gas in the Evaluation and Management of Pulmonary Hypertension" 

Annual Meeting of the American College of Cardiology, Anaheim, CA 

1993 Invited Lecture 
"New Strategies for Treating Pulmonary Hypertension" 
Annual Meeting, American Academy of Pediatrics, Washington, DC 

1993 Invited Lecture 
"Use of Inhaled Nitric Oxide for the Acute Treatment of Pulmonary Hypertension in Patients 

with Congenital Heart Disease" Annual Meeting, American Heart Association, Atlanta, GA 

1993 NIH Workshop Lecture , 
"Nitric Oxide in the Perinatal Period" National Institutes of Health, Bethesda, MD 

1993 Invited Lecture 
"Inhaled Nitric Oxide for the Treatrrent of Persistent Pulmonary Hypertension of the Newborn" 
Fourth Annual New England ECMO Symposium, Children's Hospital, Boston, MA 
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1993 Symposium 
"Vasodilator Therapy and Inhaled Nitric Oxide in Children" Infant Hearts and Lungs 
Transplantation and A~ernative Strategies. 
Children's Hospital of Los Angeles, Long Beach, CA 

1994 Symposium 
"Update on Nitric Oxide" 
Annual Meeting, Society of Critical Care Medicine, Orlando, FL 

1994 Symposium 
"Nitric Oxide Gas in the Evaluation and Management of R.llmonary Hypertension" 
Annual Meeting of the American College of Cardiology, Atlanta, GA 

1994 Invited Lecture 
"Nitric Oxide for Pulmonary Hypertension". 
Post Graduate Course on Congenital Heart Disease 
American Association of Thoracic Surgery, New York, NY 

1994 Plenary Session 
"Inhaled Nitric Oxide for the Treatment of Pulmonary Hypertension in Children" 
International Conference on Biochemistry and Molecular Biology of Nitric Oxide, University of 
California, Los Angeles, CA 

1994 Guest Faculty 
"Nitric Oxide in the Treatment of Pulmonary Hypertension in Congenital Heart Disease" 
Pediatric Cardiology-The Failing Heart Conference, Given Biomedical Institute, University of 
Colorado, Aspen, CO 

1994 Invited Lecture 
"Perioperative Use of Inhaled Nitric Oxide" 
Annual Meeting of the American Academy of Pediatrics, Dallas, TX 

1994 Invited Faculty 
"Serious Heart Disease of the Neonate: Management" 
American Academy of Pediatrics Neoprep Course, St. Louis, MO 

1994 Invited Faculty 
"Perioperative Care of the Critically Ill Child with Congenital Heart Disease" 
Society of Critical Care Medicine, Pediatric Critical Care Clinical Review Series, San 
Francisco, CA 

1995 Invited Lecture . 
"Pulmonary Hypertension and Nitric Oxide" 
Annual Meeting, American College of Cardiology, New Orleans, LA 

1995 Invited Lecture 
"Current Therapeutic Applications of Inhaled Nitric Oxide" 
International Business Communications, Nitric Oxide Conference, Philadelphia, PA 

1995 Invited Lecture 
"Choreoathetosis After Cardiopulmonary Bypass" 
Annual Meeting, American Society of Extra-Corporeal Technology, Boston, MA 

1995 Invited Lecture 
"Nitric Oxide for Perioperatlve Management of Congenital Heart Disease" 

Annual Meeting of the American College of &Jrgeons, New Orleans, LA 
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1995 Invited Lecture 
Controversy in Critical Care: New Views of Simple Gases 
DiCerbo Foundation Lectureship in Pediatric Critical Care, North Shore University Hospital, 
NewYork, NY 

1995 Dinner Speaker 
"Diagnostic and Therapeutic Applications of Inhaled Nitric Oxide" 
Annual Dinner Meeting, New York Society of Pediatric Critical Care Medicine, New York, NY 

1995 Pediatric Grand Rounds 
"Controversy in Critical Care: New Views of Simple Gases" 
Cornell University Medical Center, New York, NY 

1995 FDA Invited Lecture 

"Inhaled Nitric Oxide for the Treatment of Persistent Pulmonary Hypertension of the Newborn" 
Open Meeting, Cardiovascular and Renal Drugs Advisory Committee, United States Food & 
Drug Administration, Bethesda, MD 

1995 FDA Invited Discussant 
"Use of Inhaled Nitric Oxide in Pediatrics" 
Division of Cardiorenal Drug Products, U.S. Food & Drug Administration Rockville, MD 

1996 Invited Lecture 
"Persistent Pulmonary Hypertension and Alveolar/Capillary Dyspasia" 
Pediatric Grand Rounds, Elliot Hospital, Manchester, NH 

1996 Invited Lecture 
"Clinical Use of Inhaled Nitric Oxide" 
International Business Communications Nitric Oxide Conference, Philadelphia, PA 

1996 Seminar Speaker 
"Postoperative Management of Pulmonary Hypertension In Pediatric Patients with Congenital 

or Acquired Heart Disease" Annual Meeting, American College of Cardiology, Orlando, FL 

1996 Invited Lecture 
"Inhaled Nitric Oxide--Clinical Experience" 
First International Meeting on F\3diatric Cardiac Intensive Care, Miami, FL 

1996 Invited Lecture 
"Pre and Postoperative Manipulation of the Vascular Resistance" 
Annual Meeting, American Heart Association, New Orleans, LA 

1996 Invited Lecture 
"Current Concepts in Neonatology" 
Section on Perinatology, American Academy of Pediatrics and the Joint Program in 
Neonatology, Harvard Medical School, Boston, MA 

1997 Seminar 
"Medical Management of Perioperative Pulmonary Hypertension" 
Annual Meeting, Society of Critical Care Medicire, San Diego, CA 

1997 Invited Lecture 
"Nitric Oxide and the Treatment of Postoperative Pulmonary Hypertension" 
Second World Congress of Pediatric Cardiology and Cardiac Surgery, Honolulu, Hawaii 

Ex. 2007-1118



Wessel Page 18 of 39 

1997 Invited Lecture 
"Inhaled Nitric Oxide for the Treatment of Persistent Pulmonary Hypertension of the Newborn" · 
Open Meeting, Division of Cardiorenal Drugs, United States Food & Drug Administration, 
Bethesda, MD 

1997 Invited Lecture 
"Perioperative Care of the Child with Congenital Heart Disease: New Treatment 
Strategies for Pulmonary Hypertension" 
Cardiothoracic Anesthesia Meeting, Washington University, St. Louis, MO 

1997 Plenary Session 
"Advances and Controversies in Cardiac Management" 

Tenth Annual Pediatric Critical Care Colloquium, Hot Springs, AR 

1997 Invited Faculty . 
"Critical Care of the Child with Congenital Heart Disease" (moderator lecturer, judge) 
Second International Symposium on Pediatric Cardiac Intensive Care, Palm Beach, FL 

1997 Invited Speaker 
"Nitric Oxide in Neonatal Care" 
Topics In Neonatal and Respiratory Care, Brigham & Women's Hospital, Boston, MA 

1998 I nvlted Lectures 
"Cardiac Surgery in Neonates: Morbidity and Mortality" 
Charleston Symposium on Congenital Heart Disease, Medical University of SouthCarolina, 
Charleston, SC 

1998 Symposium 
"Advances In ICU Management for Congenital Heart Disease" 
Annual Meeting, American College of Cardiology, Atlanta, GA 

1998 Invited Lecture 
"Intensive Care After Neonatal Cardiac Surgery: Stateof-the-Art" 
First Annual Course on Frontiers in Diagnosis and Management of Congenital Heart Disease, 
Boston, MA · 

1999 Invited Faculty 
"Myocardial Support for Low Cardiac Output" 
Society of Critical Care Medicine 
Current Concepts in Pediatric Critical Care Crurse, San Francisco, CA 

1999 Invited Lecture 
"Nitric Oxide and the Treatment of Pulmonary Hypertension" 
Oral Presentation Moderator, Walk Rounds with the Professor 
281h Scientific Symposium, Society of Critical Care Medicine, San Francisco, CA 

1999 Symposium 
"The Airway, Mechanical Ventilation and Cardiopulmonary Interaction" 

Annual Meeting, American Heart Association, Atlanta, GA 

1999 Invited Speaker 
"Nitric Oxide and New Therapies" 
Third International Symposium on Pediatric Cardiac lrtenslve Care, Miami, FL 
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2000 Invited Faculty 
"Nitric Oxide in the Perioperative Management of CHD" 
Cardiology Y2K, Annual Update on Pediatric Cardiovascular Disease, Orlando, FL 

2000 Symposium 
"Intensive Care Unit Management After Surgery for Sngle Ventricle HLHS Syndrome" 
Annual Meeting, American College of Cardiology, Anaheim, CA 

2000 Invited Lecture 
"Perioperative Care of the Premature Newborn with Congenital Heart Disease" 
Castaneda Society Meeting, Boston, MA 

2000 Invited Faculty 
"Perioperative Care of the Premature Newborn with Congenital Heart Disease" 

Tenth Charleston Symposium on Congenital Heart Disease, Charleston, SC 

2001 Invited Faculty 
"Clinical Research" 
The Changing Face of Pediatric Cardiology 1950-2000: A Tribute to Alexander S. Nadas, M.D. 
The Cardiovascular Program at Children's Hospital, Boston, MA 

2001 Invited Faculty 
"Cardiopulmonary Support in the Pediatric Cardiac Intensive Care Unit" 
Third Course on Frontiers in Diagnosis and Management of Corgenital Heart Disease, 
Newport, Rl 

2001 Invited Faculty 
Diverse Topics 

Fourth International Symposium on Pediatric Cardiac Intensive Care, Palm Beach, FL 

2002 Invited Speaker 
"Sildenafil for Treatment of Pulmonary Hypertension" 

. ECMO Meeting, Children's National Medical Center, Keystone, Colorado 

2002 Invited Speaker 
"Novel Pediatric Applications of Commonly Used Adult Drugs" 
Back to our Future: Establishing Safety and Evidence in Pediatric Research 
Duke University, FDA & Industry, Wamington, DC 

2002 Invited Lecturer 
"The Future of Inhaled Nitric Oxide for Children with Congenital Heart Disease" 
CME Course in Hematology, Northwestern University Medical School 
Chicago, Illinois 

2002 Invited Faculty 
"Manipulating Vascular Resistance in the Newborn: Is it Feasible?" 

3rd International Pediatric Cardiovascular Symposium, Atlanta, Georgia 

2002 Invited Speaker 
"Viagra for Pulmonary Hypertension" 

Hot Topics in Neonatology, Washington, DC 
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2003 Plenary Speaker 
"Changes in Worldwide Activity and Mortality in Cardiac Intensive Care" 
Debate: "Cardiac Patients Need Their Own ICU" 
Symposium Chairman: "New Strategies in Treatment of Pulmonary Hypertension" 

4th World Congress of Pediatric Intensive Care. Boston, Massachuretts 

2004 Invited Faculty 
"Pharmacologic Management of Low Cardiac Output Syndrome After Congenital Heart 
Surgery" Current Concepts in Pediatric Critical Care Medicine Course 
Society for Critical Care Medicine, Orlando, Florida 

2004 Invited Faculty 
"Structure of a Training Program in Pediatric Cardiac Intensive Care" 
33rd Annual Meeting of the Society for Critical Care Medicine, Orlando, Florida 

2004 Invited Faculty 
"Reconciling FDA, Academic, and Industry Objectives in Pediatric ClinicaJTrials" 

Cardiology 2004, Orlando, Florida (Children's Hospital of Philadelphia) 

2004 Invited Speaker 
"Cardiac and Central Nervous System Interactions 
15th Annual Pediatric Critical Care Colloquium, New York City, New York 

2004 Invited Faculty 
"Advances in the Management of Pulmonary Hypertension" 
"Physician Perspective on Electronic Billing: 
Congenital Cardiovascular Surgery Symposium, San Diego, California 

2004 Invited Participant in "How To" Session 
"How to Evaluate and Manage Pediatric Patients with Pulmonary Hypertension" 
American Heart Association, Scientific Sessions 2004, New Orleans, LA 

2004 Invited Faculty, Special Session 
"Twenty Year Retrospective: The Early Years and Later" 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2004 Invited Faculty 
"Nitric Oxide and the Intensive Care Setting" 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2004 Invited Faculty·. 
"How to Design and Conduct Drug Trials" 
Pediatric Cardiac Intensive Care Symposium, Miami, FL 

2005 Invited Faculty 
"Therapies to Enhance the Effect of Inhaled Nitric Oxide" 
Symposium on New Directions In Nitric Oxide Therapy, Baylor College of Medicine, Texas 
Children's Hospital, Houston, Texas 

2005 Invited Speaker . 
"Pulmonary Hypertension: Approaches to ManagemeHf, 21st Annual Fetus and Newborn 
Conference, Boston, MA 
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2005 Invited Moderator 
· "Low Birth Weight Neonates with Congenital Heart Disease'', Pediatric Cardiac Intensive Care 

Symposium 2005 (PCICS 2005), Miami, FL 

2005 Invited Faculty 
Consensus Report on Treatment of Myccarditis. Pediatric Cardiac Intensive Care 
Symposium 2005 (PCICS 2005), Miami, FL 

2006 Invited Faculty 
"Challenges in Industry Sponsored Trials" and "Management of PVR in the Neonate" 
Ninth Annual Update on Pediatric Cardiovascular Disease (Children's 1-bspital of 
Philadelphia), Scottsdale, AZ 

2006 Invited Speaker . 
Eddie Farrell Memorial Lecture, Massachusetts Society of Respiratory Care, Sturbridge, MA 

2006 Invited Faculty 
Second International Conference on Heart Failure in Children and Young Adults Children's 
Hospital Orange County, Lagu'!a Niguel, CA 

2007 Invited Speaker 
"Pulmonary Vascular Alterations in CHD" & "Drug Treatment for Pulmonary Hypertension". 
First International Conference on Childhood Pulmonary Vascular Disease, San Francisco, CA 

2008 Invited Speaker 
"Cardiac Critical Care: What's New and What Matters "STS Congenital Surgical Symposium, 
Ft. Lauderdale, Fl. 

2008 Invited Speaker 
Session Chair "Anticipating the Growing ACHD Population" 
Update on Pediatric Cardiovascular Disease- New and Evolving Concepts and Practices, 
Speaker: "Considerations for Caring for Adult Patients in a Pediatric ICU'.' & "Current Status of 
Inpatient Therapy'' 
Scottsdale, AZ 

2008 Invited Speaker 
Forum Moderator: "Inhaled Nitric Oxide in the OR" 
ASA 2008 Annual Meeting, Orlando, FL 

2008 Invited Speaker 
"Postoperative Management and Outcome of the Term vs. Premature Newborn with 
Congenital H.eart Disease" · 
Management of Congenital Heart Disease in the Fetus & NeonateSymposium, Washington, 
DC 

2008 Invited Speaker 
"Pulmonary Hypertension" . 
NPCNA Annual Fall Conference, Innovation and Inquiry in Pediatric Cardiology Nursing 
Washington, DC 

2008 Invited Speaker 
"Critical Treatment Strategies for Acute Pulmonary Hypertension in Infants and Children 
cGMP~related Drugs » 
PCICS Annual Symposium 2008, Miami, FL 
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2009 Invited Speaker 
Session Moderator. "Cardiac Surgery" · 
381h Annual Critical Care Congress of the Society of Critical Care Medicine, Nashville, TN 

2009 Invited Speaker 
Session Moderator. "Cardiac ECMO: State-oHhe-Art" 
The 251

h Annual CNMC Symposium: ECMO & The Advanced 'Therapies for Respiratory Failure 
Keystone, CO 

2009 Invited Speaker 
Session Moderator. "Pulmonary Vascular Alterations in Congenital Heart Disease" 
The 2nd lnte~national Neonatal and Childhood Pulmonary Vascular Disease Conference 
San Francisco, CA · 

2009 Invited Speaker 
"Advances in Cardiac Intensive Care" 
gth Annual Cardiac Research Symposium- A. I. DuPont Hospital for Children, Nemours 
Symposia, Wilmington, DE 

2010 Invited Speaker 
"Cardiac Intensive Care: Celebrating Successes, Meeting Challenges" 
3rd Annual John J. Downes Lecture in Pediatric Anesthesia and Critical Care Medicine 
Orlando, FL 

201 0 Invited Speaker 
"A Randomized Trial of Clopidogrel to Reduce fvbrtality and Shunt-Related Morbidity in Infants 
Palliated with a Systemic to Pulmonary Artery Shunt · 
Outstanding Research Awards (Council on Cardiovascular Disease in the Young) 
AHA Scientific Sessions, Chicago, IL 

2011 Invited Speaker 
"Workin~ with the FDA & Industry in Designing Pediatric Trials" 
The 27 Annual CNMC Symposium: ECMO & The Advanced Therapies for Respiratory Failure 
Keystone, CO 

2011 Invited Speaker 
"Resuscitation of the Patient with Pulmonary Hypertension" 
4th International Neonatal and Childhood Pulmonary Vascular Disease 
San Francisco, CA 

INTERNATIONAL 

1986 Invited Lecture 
"Recent Advances in the Intensive Treatment of Neonates with Congenital Heart Disease," 
A Week with the Experts, Ospedale Pediatrico Bambino Gesu, Rome, Italy 

1988 Invited Lecture 
"Perioperative Care of the Patient with HLHS" 
European Congress on Hypoplastic Left Heart Syndrome, Ospedale .Pediatrico Bambino 
Gesu, Rome, Italy 
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1990 Invited Lecture 
"Perioperative Care of the Neonate with Congenital Heart Disease" 
Pediatric Critical Care Conference, Hospital for Sick Children, University of Toronto, Toronto 
Canada 

1991 Invited Lecture 
"Perioperative Intensive Care of the Child with Congenital Heart Disease" 
First International Pediatric Intensive Care Congress, Buenos Aires, Argentina 

1993 Invited Faculty 
"Regulation of the Pulmonary Circulation: Therapeutic Implications" 
First European Postgraduate Course in Neonatal and P~diatric Intensive Care, Berne, 
Switzerland 

1 993 Invited Faculty 
"Pulmonary Hypertension: Pathophysiologic and Therapeutic Implications in Post Surgical 
Patients" Third International Meeting on Pediatric Intensive Care, University of Padova, Italy 

1993 Invited Lecture 
"Nitric Oxide to Test Puhlonary Vascular Reactivity to Control Hypertensive Crises and as a 
Potential Chronic Therapy" Canadian Cardiovascular Society, Vancouver, Canada 

1993 Invited Lecture 
"Nitric Oxide Inhalation after Correction of Congenital Heart Defects" 
International Conference on ARDS, Tutzing, Germany 

1994 Plenary Presentation 
"Perioperative Care of the Neonate" 
Cardiac Surgery Today: State of the Art, Onassis Medical Center, Athens, Greece 

1995 Invited Faculty 
"Nitric Oxide in the Treatment of Congenita Heart Disease" 
Annual Meeting of the Austrian Society for Lung Diseases, Gmunden, Austria 

1995 Plenary Speaker 
"Inhaled Nitric Oxide for Perioperative Management of Congenital Heart Disease" 
The VII Brazilian Congress of Intensive Care Medicin~ Recife, Brazil 

1996 Invited Lecture 
"Nitric Oxide in Pulmonary Hypertension after Surgery for Congenital Heart Defects" 
Annual Meeting, European Society of Cardiology, Birmingham, United Kingdom 

1997 Symposium 
"The Failing Heart-Pediatric Aspects" 
The 7th World Congress of Intensive & Critical Care Medicine, Ottawa, Canada 

1997 Plenary Session 
"Inhaled Nitric Oxide" 
XXX Brazilian Pediatrics Congress and International Pediatric Symposium, Rio de Janeiro, 
Brazil 

1998 Invited Faculty 
Multiple lectures and workshops 
Pediatric Cardiac Intensive Care at the European Heart House 
European Society of Cardiology, Nice, France 
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1998 Invited Faculty 
Lectures on Congenital Heart Disease 
Argentine Congress of Cardiology, BJenos Aires, Argentina 

1999 Invited Lecture 
"Critical Aortic Stenosis in the Neonate" 
Second Postgraduate Course on Congenital and Acquired Heart Disease, Modena, Italy 

1999 Invited Lecture 
"Pathophysiology and Treatment of Pulmonary Hypertensim 
Lund University Hospital, Lund, Sweden 

1999 Invited Lecture 
"Pulmonary Hypertension and Mechanical Support in Children with Heart Disease" 
Lindgren Children's Hospital at the Karolinska Institute, Stockholm, Sweden 

1999 Plenary Speaker 
"Frontiers in Pediatric Intensive Care" 
Annual Meeting, Society of Anesthesia and Critical Care, Gothenburg, Sweden 

1999 Invited Faculty 
"ICU Management of Two Stage Arterial switch" 
"The Role of Nitric Oxide in the Cardiac Patient" 
The First Hlspano Latin American Course, Diagnosis and Management of Congenital Heart 
Disease, San Juan, Puerto Rico 

1999 Invited Lecture 
"Current Concepts in Post-operative Management" . 
"ECMO in the New Millennium" 
Symposium on Pediatric Cardiology, Cordoba, Argentna 

1999 Invited Speaker 
"Inhaled Nitric Oxide" 
"Perloperative Care of the Newborn" 
The First Sino-American Symposium: New Developments in the Care of Children with 
Congenital Heart Disease, Shanghai Children's Medical Center, Shanghai, China 

2000 Invited Faculty and Track Convener 
"Issues in Perioperative Care" and multiple lectures 
The Third International Symposium on Pediatric Cardiac Intensive Care, Montreal, Canada 

2000 Invited Lecture 
"Endothelial Cell Function During Cardiopulmona-y Bypass" · 
51

h World Congress on Trauma, Shock, Inflammation and Sepsis, Munich, Germany 

2000 Invited Lecture 
"Inhaled Nitric Oxide Therapy in Children after Cardiac Surgery" 
American Thoracic Society, 9Sh International Conference, Toronto, Canada 

2000 Invited Lecture 
"Pulmonary Hypertension and its ImpaCt on Hemodynamics" 
Special Topics in Pediatric Cardiac Intensive Care Symposium, Royal Brompton & Harefield 
NHS Trust, London, United Kingdom 
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2000 Invited Faculty 
"Critical Care and Congenital Heart Disease"· diverse topics 
Pediatric FCCS Course, Taipei, Taiwan 

2000 Invited Lecture 
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"Advances in Perioperative Care of the Child with Congenital Heart Disease" 
Tenth Anniversary Lecture, Kaohsiung Veterans General Hospital, Taiwan 

2000 Invited Lecture 
"Postoperative Care of the Child with AV Septal Defect" 
European Cardiovascular Surgery's Postgraduate Course, Frankfurt, Germany 

2000 Seminar 
"Postoperative Care of Patients with Hypoplastic Left Heart Syndrome"· 
European Association of Cardio-Thoracic Surgery, Annual Meeting, Frankfurt, Germany 

2000 Plenary Lecture 
"Diagnosis and Treatment of Pulmonary Hypertension" 
XIX Pan American Congress of Pediatrics, Montevideo, Uruguay 

2000 Invited Lecture 
"Postoperative Managerrent of the Child with D-Transposition of the Great Arteries" 
"Diagnosis and Management of Pulmonary Arterial Hypertension" 
I Pediatric Cardiology Symposium, Dr. Aldo Castaneda, Guatemala City, Guatemala 

2001 Invited Faculty 
"Pulmonary Hypertension and Nitric Oxide" 
"Assessing and Managing Premature Newborns for Surgical and Catheter Intervention" 
Harvard Winter Course in Congenital Heart Management, Dubai, United Arab Emirates 

2001 Invited Lecture 
"Brain Protection During CPB" 
V European Postgraduate Course in Neonatal and Pediatric Intensive Care, Bern, Switzerland 

2001 Invited Lecture 
"Strategic Management of the Patient after Surgery" 
Third World Congress of Pediatric Cardiology and Cardiac Surgery, Toronto, Canada 

2001 Invited Faculty 
Special Topics in Paediatric Cardiac Intensive Care- 2001, The Challenging Neonate, 
The Royal Brompton Hospital & The National Heart & Lung Institute, London, England 

2002 Moderator 
European Consensus Meeting on Inhaled Nitric Oxide · 
European Society of Pediatric and Neonatal Intensive Care, Rome, Italy 

2002 Invited Faculty 
"Assessment of Myocardial Function in the ICU" 
"Postoperative Management After Staged Repair of HLHS" 
"ECMO Management of the Single Ventricle Circulation" 
New Era in Congenital Heart Management 
Universidad Complutense Madrid and Real Colegio Complutense en Harvard, The Heart 
Institute Hospital, Universitario "12 de Octubre", Madrid, Spain 
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2002 Guest Lecturer 
"Failing Hearts: The Paediatric Problem and Current Treatments" 
"Inhaled Nitric Oxide and Pulmonary Vasodilators for the Failing Right Heart" 
"Routine ECMO for Resuscitation" 
The Third Special Topics in Paediatric Cardiac Intensive Care, The Failing Myocardium 
Royal Brompton Hospital, lrrperial College, London, United Kingdom 

2003 Invited Faculty 
"Support for the Failing Ventricle" 
"Management of Pulmonary Hypertension: From the OR to the Home" 
Debate: 11Early Extubation is the Best Defense Against Postoperative Complications" 
First Asia Pacific Symposium on Pediatric Cardiac Intensive Care, Phuket, Thailand 

2003 Guest Lecturer 
"Pharmacologic Management of Pulmonary Hypertension" and Other Topics 
IX Curso de Actualizaci6n en Cardiologia Pediatrica, Madrid, Spain 

2003 Guest Lecturer 
"Recent Advances in the Use of Inhaled Nitric Oxide in Patients with Congenital Heart 

. Disease". Inhaled Nitric Oxygen Symposium for Neonatologists. Madrid, Spain 

2003 Invited Participant 
Third World Symposium on Pulmonary Arterial Hype~ension (WHO). Venice, Italy 

2003 Special Guest Lecturer 
"Indications for Inhaled Nitric Oxide in the Neonatal and Postoperative Care of Critically Ill 
Children"· 
Annual Meeting of the German Society of Pediatric Cardiology. Weimar, Germany 

2003 Invited Speaker 
"Predicting and Treating Low Cardiac Output in the Postoperative Patient" 
Annual Meeting of the European Association of Cardiothoracic Surgeons. Vienna, Austria 

2003 Invited Faculty 
"The Paperless ICU" 
"Pulmonary and Systemic Vasodil:ltors" 
"Genetic Basis for Heterotaxy" 
Harvard Medical International, Children's Hospital Boston Course in Congenital Heart Disease 

· Abu Dhabi, United Arab Emirates · 

2003 Invited Speaker 
"Extracorporeal Membrane Oxygenation for Cardiopulmonary Resu;citation in Children" 
Hammersmith Hospital Workshop on Perfusion. London, United Kingdom 

2004 Keynote Speaker 
"Pulmonary Hypertension TheraprNow and in the Future" 
Pulmonary Hypertension in Early Life, St. Guys and St. Thomas' Hospital 
London, United Kingdom 

2004 Keynote Address 
"Pulmonary Hypertension: State of the Art" 
Opening Ceremony, Annual Meeting of the European Society of Pediatric and Neonatal 
Intensive Care, London, United Kingdom 
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Plenary Speaker 
11Recent Advances in Heart Failure and Pulmonary Hypertension': The Fourth World Congress 
of Pediatric Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

Invited Speaker 
Controversy Session: "Inhaled lloprost is the Best Pulmonary Vasodilator?11

, The Fourth World 
Congress o(Pediatric Cardiology and Cardiac Surgery, Buenos Aires, Argentina. 

Invited Speaker 
Chair, Oral Presentations: "Cardiac Intensive Care", The Fourth World Congress of Pediatric 
Cardiology and Cardiac Surgery, Buenos Aires, Argentina. · 

Invited Faculty 
"Outcomes of Heart Failure in the ICU: Mechanisms of Postoperative Dysfunction." Congress 
of Ventricular Dysfunction In Childhood, OPBG Cardiovascular International. Rome, Italy 

Invited Speaker 
Multiple Oral Presentations and Parel Chair 
Fifth World Congress on Pediatric Critical Care, Geneva, Switzerland 

Invited Speaker 
"Cuidado perloperatorio del recien nacido con enfermedad cardiaca congemita",VI Annual 
Colombian Critical Care Congress, Medellin, Colombia 

Invited Speaker 
"Postoperative Treatment of Pulmonary Hypertension,"& "Postoperative Care of Hypoplastic 
Left Heart: Comparing Norwood with BT Shunt vs. Sano from Birth through the Fontan." 
International Cardiology Meeting, Avignon, France 

Invited Faculty 
Plenary Lecture: "Pediatric Cardiac Intensive Care: Past, Present and Future"; "Dedicated 
Training Pathways in Pediatric Cardiac Intensive Care" & "How to plan a Research Study in 
ICU" 
PCICS Europe Symposium, Monte Carlo, Monaco 

Invited Speaker . 
"Acute Heart Failure Pathophysiology", Treatment of Postoperative Acute Cardiac Failure", 
"Mechanical Support of Acute Cardiac Failure" 
International Pediatric Cardiology Conference 
Cartagena, Colombia 

Invited Faculty 
Session Moderator: Pulmonary Hypertension, Right Ventricular Function and Congenital Heart 
Disease 
3rd International Conference Neonatal and Childhood Pulmonary Vascular Disease 
Banff, Alberta, Canada 

Invited Speaker 
"Intraoperative Care and Perioperative Management for Transpostion" 
The World Society for Pediatric and Congenital Heart Surgery 
Antigua, Guatemala 
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1 0) GRANTS AWARDED 

FUNDING INFORMATION 

1987-89 The effects of ventilation on pulmonary vascular resistance in infants following cardiopulmonary bypass. 
Principal Investigator, American Society of Anesthesiologists Research Starter Grant. 

1988-91 Infant heart surgery: CNS sequelae of circulatory arrest. Co-Investigator, National Institutes of Health. 
Grant No, HL41786. 

1 993-96 Ischemic neonatal brain injury: clinical and basic science. Co-investigator, National Institutes of Health. 
Grant No. P20 NS32570 

1994-96 Inhaled nitric oxide for the treatment of pulmonary hypertension and acute respiratory failure in children. 
Principal Investigator, Clinical Research Grant-in-Aid Award, Children's Hospital, Boston, 
Massachusetts. Grant No. CH 89430. · 

1994-99Pathogenesis of brain injury in infant heart surgery. Clinical advisor I mentor to Dr. Adre J. DuPlessis, 
National Institutes of Health. Grant No. K08 NS01721 

1996-99 Dose response of Inhaled nitric oxide in congenital heart disease. Principal Investigator, U.S. Food and 
Drug Administration. Grant No. FD R-001316 .. 

1997-99 Neurodevelopmental follow up of patients with PPHN in a randomized trial of nitric oxide.Principal 
Investigator, Industry Sponsored. 

1997-00 Echocardlographic assessment of right ventricular function in patients with pulmonary hypertension. 
Sponsor for Dr. Ricardo Munoz (MCAP), National Institutes of Health Grant No. M01 RR02172. 

2000-01 Prophylactic use of Primacor® in pediatric patients at high risk of developing low cardiac output 
syndrome following cardiac surgery. Principal Investigator, Industry Sponsored. 

2004~06 Principal Investigator (Boston) on three industry sponsored trials of sildenafil for treatment of pediatric 
pulmonary hypertension (see below). 

2004-08 A Randomized, Double-Blind, Placebo Controlled, Dose Ranging, Parallel Group Study of Oral 
Sildenafil in the Treatment of Children, Aged 1-16 Years, With Pulmonary Hypertension. Principal 
Investigator, Industry Sponsored 

2004-08 Multicenter, Long-Term Extension Study to Assess Safety of Oral Sildenafil in the Treatment of 
Subjects Who Have Completed Study A1481131. Principal Investigator, Industry Sponsored 

2004-06 7-Day, Open-Label, Multicenter, Pharmacokinetic Study (Part 1) of IV Sildenafil in the Treatment of 
Neonates With Persistent Pulmonary Hypertension of the Newborn (PPHN) or Hypoxic Respiratory 
Failure and at Risk for PPHN. Principal Investigator, Industry Sponsored 

2006-08 Pilot Study of the Effects of Nesiritlde on Hemodynamics and Urine Output Following Cardiopulmonary 
Bypass in Children. Co-investigator and mentor (John M. Costello);American Heart Association. 

2006-10 Multinational Trial on the Efficacy and Safety of Clopidogrel in Infants with Cyanotic Congenital Heart 
Disease Palliated with a Systemic to Pulmonary Shunt (CLARINET). (Chair, Steering Committee, 
Institutional Co-investigator). Industry Sponsored (Sanofi-Aventis). 
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Collaborative Pediatric Critical Care Research Network (CPCCRN). NIH-NICHD 
U1 041 OHD049981. Principal Investigator; 20% effort. Base award over 5 years $925,000 direct 
costs plus annual awards for protocol funds (e.g. 2010 = $::!)0,000) 
• Critical Pertussis in US Children. Protocol #001 
• The Critical Illness Stress-induced Immune Suppression Prevention Trial (CRISIS). Protocol 

#003 
• Development of a Quantitative Functional Status Scale (FSS) for Pediatric Patients. 

Protocol #004 
• Therapeutic Hypothermia after Pediatric Cardiac ArrestTrials (THAPCA). Protocol #010 
• Cortisol Quantification Investigation. Protocol #012 
• Measuring Opioid Tolerance Induces by Fentanyl (or Other Opioids). Protocol #026 
• Physician's Perspectives on the Physician-Parent Follow-Up Conference. 
• Pediatric Intensive Care Unit Bereaverrent Study 
• CPCCRN Asthma Study 

REPORT OF CURRENT RESEARCH ACTIVITIES 
1. My primary current research activity involves designing and executing national and international pediatric 
clinical trials; 

2. Safety and efficacy of type V phosphodiesterase inhibitors in children as selective pulmonary vasodilators 
and to augment vasodilatory potential of nitric oxide and attenuate rebound pulmonary hypertension. I was the 
overall primary scientific advisor in the development and execution of international multicenter randomized trials 
on type V inhibitors in pediatrics, Industry sponsored. Final publications in press. 

3. Outcome studies evaluating ventilator management, inotropic agents, mechanical support of the circulation 
and new strategies in the critical care managementand perioperative care of 

a) premature newborns with congenital heart disease 
b) newborns after reparative surgery involving the right ventricle 
c) extracorporeal membrane oxygenation resuscitation of children with congenital heart disease. 

4. Multinational Trial on the Efficacy and Safety of Clopidogrel in Infants with Cyanotic Congenital Heart 
Disease Palliated with a Systemic to Pulmonary Shunt( CLARINET). (Chair, Steering Committee, 
Institutional Co-investigator). Industry Sponsored. 

5. I am the Principal Investigator (CNMC) and steering committee member for the NIH funded clinical 
research network with multiple active protocols listed above. 

11) PUBLICATIONS 

PAPERS IN REFEREED JOURNALS 

1. Hickey PR, Hansen DD, Wessel DL, Lang P, Jonas RA. .Pulmonary and systemic hemodynamic responses to 
fentanyl in infants. Anesth Analg 1985;64:483-6. 

2. Hickey PR, Hansen Db, Wessel DL, Lang P, Jonas RA. Blunting of stress responses in the pulmonary 
circulation by fentanyl. Anesth Analg 1985;64: 1137-42. 

3. Wessel DL, Keane JF, Fellows KE, Robichaud H, Lock JE. Fibrinolytic therapy for femoral arterial thrombosis 
after cardiac catheterization in infants and children. Am J Cardiol1986;58:34751. 

4. Wessel DL, Lock JE. Transcatheter umbrella closure of congenital cardiac defects: technical considerations. 
Adv Bioeng (ASME). 1987;12:143-144. 

5. Wessel DL, Keane JF, Parness I, Lock JE. Outpatient closure of the patent ductus arteriosus. Circulation 
1988;77: 1 068·1 071. 
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6. Castaneda AR, Mayer JE, Jonas RA, Lock JE, Wessel DL, Hickey PR. The neonate with critical congenital 
heart disease: repair- a surgical challenge. J Thorac Cardiovasc Surg 1989;98:869-75. 

7. DiDonato RM, Wernovsky G, Walsh EP, Colan SD, LangP, Wessel DL, Jonas RA, MayerJE Jr, Castaneda 
AR. Results of the arterial switch operation for transposition of the great arteries with ventricular septal defect: 
Surgical considerations and midterm follow-up data. Circulation 1989;80:1689-1705. 

8. Wernovsky G, Jonas RA, Colan SD, Sanders sp; Wessel DL, Castaneda AR, Mayer JE: Results of the 
arterial switch operation in patients with transposition of the great arteries and abnormalities of the mitral valve 
or left ventricular outflow tract. JAm Coli Cardiol1990;16:1446-1454. 

9. Bellinger DC, Wernovsky G, Rappaport LA, Mayer JE Jr, Castaneda AR, Farrell DM, Wessel DL, Lang P, 
Hickey PR, Jonas RA, Newburger JW. Cognitive development of children following early repair of 
transposition of the great arteries using deep hypothermic circulatory arrest. Pediatrics 1991 ;87:701707. 

10. Chang AC, Wernovsky G, Kulik T J, Jonas RA, Wessel DL. Management of the neonate with transposition of 
the great arteries and persistent pulmonary hypertension. Am J Cardiol1991 ;68: 12531256. 

11. Chang AC, Hanley FL, Weindling SN, Wernovsky G, Wessel DL. Left heart support with a ventricular assist 
device in an infant with acute myocarditis. Grit Care Med 1992;20:712:715. 

12. Hickey PR, Wessel DL, Streitz SL, Fox ML, Kern FH, Bridges, ND, Hansen, DD. Transcatheter closure of 
atrial septal defects: Hemodynamic complications and anesthetic management. Anesth Analg 1992;7 4:44-
50. 

13. Wernovsky G, Giglia TM, Jonas RA, Mone SM, Colan SD, Wessel DL. Course in the intensive care unit after 
'preparatory' pulmonary artery banding and aortopulmonary shunt placement for transposition of the great 
arteries with low left ventricular pressure. Circulation 1992;86[supplll]ll133139. 

14. Wong PC, Barlow CF, Hickey PR, Jonas RA, Castaneda AR, Farrell DM, Lock JE, Wessel DL. Factors 
associated with choreoathetosis after cardiopulmonary bypass in children with congenital heart disease. 
Circulation 1992;86[supplll]:ll118-ll126. 

15. Chang AC, Wernovsky G, Wessel DL, Freed MD, Parness lA, Perry SB, O'Brien P, Van Praagh R, Hanley FL, 
Jonas RA, Castaneda AR, Mayer JE. Surgical management for late right ventricular failure after Mustard or 
Senning repair. Circulation 1992;86[suppl11]:1~140-ll-149. 

16. Chang AC, Kulik T J, Hickey P, Wessel DL. Real-time gas exchange measurement of oxygen consumption 
in neonates and infants after cardiac surgery. Grit Care Med 1993;21 :1287-1295. 

17. lrazuzta J, Pearlman N, Pascucci R, Wessel DL. Effects of fentanyl administration on respiratory system 
compliance in infants. Grit Care Med 1993;21:1001-1004. 

18. Chang AC, Hanley FL, Wernovsky G, Rosenfeld H., Wessel DL, Jonas RA, Mayer JE, Castaneda AR. Early 
bidirectional cavopulmonary shunt in young infants: postoperative course and early results. Circulation 1993; 
86[supplll]:ll-149·11158. 

19. Hanley FL, Heinemann MK, Jonas RA, Mayer JE, Cook NR, Wessel DL, Castaneda AR. Repair of truncus 
arteriosus in the neonate. J Tho rae Cardiovasc Surg 1993; 105:1047-1056. 

20. Wessel DL. Hemodynamic responses to perioperative pain and stress in infants. Grit Care Med 1993; 
21 [suppi]:S361-S362. 
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21. Newburger JW, Jonas RA, Wernovsky G, Wypij D, Hickey PR, Kuban KCK, Farrell DM, Holmes GL, Helmers 
SL, Constantinou J, Carrazana E, Barlow JK, Walsh f>.Z, Lucius KC, Share JC, Wessel DL, Hanley FL, Mayer, 
JE, Castaneda AR, Ware JH. A comparison oft he peri operative neurologic effects of hypothermic circulatory 
arrest versus low-flow cardiopulmonary bypass in infant heart surgery. N Eng I J Med 1993;329: 1057-1064. 

22. Wessel DL. Inhaled nitric oxide for the treatment of pulmonary hypertension before and after cardiopulmonary 
bypass. Crit Care Nlad 1993;21 [suppi]:S344-S345. 

23. Adatia I, Thompson J, Landzberg M, Wessel DL Inhaled nitric oxide in chronic obstructive lung disease. 
Lancet 1993;341 :307-308. (Letter) 

24. Wessel DL, Adatia I, Giglia TM, Thompson JE, Kulik T J. Use of inhaled nitric oxide and acetylcholine In ttie 
evaluation of pulmonary hypertension and endothelial function after cardiopulmonary bypass. Circulation 
199.3;88:2128-2138. 

25. Wessel DL, Adatia I, Thompson JE, Hickey PR. Delivery and monitoring of inhaled nitric oxide in patients 
with pulmonary hypertension. Grit Care Med 1994;22:93G938. 

26. Drucker N, Colan S, Lewis AS, Beiser A, Wessel DL, Takahashi M, Rosen FS, Baker A, Perez A, Newburger 
JW. Gamma globulin treatment of acute myocarditis in the pediatric population. Circulation 1994;89:252-257. 

27. Jonas RA, Hansen DD, Cook N, Wessel DL. Anatomic subtype and survival after reconstructive operation for 
hypoplastic left heart syndrome. J Thoracic Cardiovasc Surg 1994;1 07:1121-1128. 

28. du Plessis AJ, Treves ST, Hickey PR, O'Tauma L, Barlow CF, Costello J, Castaneda AR, Wessel DL. 
Regional cerebral perfusion abnormalities after cardiac operations. J Thoracic Cardiovasc Surg 
1994; 107:1036-1043. 

29. Chang AC, Hanley FL, Lock JE, Wessel DL. Management and outcome of low birth weight neonates with 
congenital heart disease. J Pediatr 1994;124:461-466. 

30. Adatia I, Ullehei C, Arnold JH, Thompson JE, Palazzo R, Fackler JC, Wessel DL. Inhaled nitric oxide in the 
treatment of postoperative graft dysfunction after lung transplantation. Ann Thor Surg 1994;57:1311~1318. 

31. du Plessis AJ, Kramer U, Jonas RA, Wessel DL, Riviello JJ. West syndrome following deep hypothermic 
infant cardiac surgery. Pediatr Neurol1994; 11:245-251. 

32. Lillehei CW, ShambergerRC, MayerJE, Burke RP, Koka BV, Arnold J, Wessel DL, Landzberg M, Palazzo R. 
Size disparity in pediatric lung transplantation. J Pediatr Surg 1994;29(8):11521155. 

33. Chang, AC, Zucker HE, Hickey PR, Wessel DL. Pulmonary vascular resistance in infants after cardiac 
surgery: role of carbon dioxide and h)drogen ion. Crit Care Med 1995;23:568-57 4. 

34. Adalia I, Perry S, Landzberg M, Moore P, Thompson JE, Wessel DL. Inhaled nitric oxide and hemodynamic 
evaluation of patients with pulmonary hypertension before transplantation. JAm Coli Cardiol1995;25: 1656-
1664. 

35. duPlessis AJ, Chang AC, Wessel DL, Lock JE, Wernovsky G, Newburger JW, Mayer JE. Cerebrovascular 
accidents following the Fontan operation. Pediatr Neurol1995;12:230.236. 

36. Wernovsky G, Wypij D, Jonas RA, MayerJE, Hanley FL, Hickey PR, Walsh AZ, Chang AC, Castaneda AR, 
Newburger JW, Wessel DL. Postoperative course and hemodynamic profile after the arterial switch operation 
in neonates and infants: A comparison of low-flow cardiopulmonary bypass and circulatory arrest. Circulation 
1995;92:2226-2235. . 
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37. Betit P, Adatia I, Benjamin P, Thompson JE, Wessel DL. Inhaled nitric oxide: evaluation of a continuous 
titration delivery technique for infant mechanical and manual ventilation. Resp Care 1995;40(7):708715. 

38. Chang AC, AtzAM, Wernovsky G, Burke RP, Wessel DL. Milrinone: Systemic and pulmonary hemodynamic 
effects in neonates after cardiac surgery. Crit Care Med 1995;23:19071914. 

39. Curran RD, Mavroudis C, Backer CL, Saute! M, Zales VR, Wessel DL. Inhaled nitric oxide for children with 
congenital heart disease and pulmonary hypertension. Ann Thorac Surg 1995;60:17651771. 

40. Adatia I, Atz AM, Jonas RA, Wessel DL. Diagnostic use of inhaled nitric oxide after neonatal cardiac surgery. 
J Thoracic Cardiovasc Surg 1996; 112:1403-1405. 

41. Atz AM, Adatia I, Jonas RA, Wessel DL. Inhaled nitric oxide in children with pulmonary hypertension and 
congenital mitral stenosis. Am J Cardiol1996;77:316-319. 

42. Atz AM, Adatia I, Wessel DL. Rebound pulmonary hypertension following inhalation of nitric oxide. Ann 
Thorac S~rg 1996;62:175g..1764. 

43. Betit P, Grenier B, Thompson JE, Wessel DL. Evaluation of four analyzers used to monitor nitric oxide and 
nitrogen dioxide concentrations during inhaled nitric o'xide administration. Res Care 1996;41(9):81'7825. 

44. Wessel DL. Simple Gases and Complex Single Ventricles. J Thoracic Cardiovasc Surg 1996;112:655-7. 

45. Hornberger LK, Colan SD, Lock JE, Wessel DL, Mayer JE. Outcome of patients with Ectopia Cordis and 
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Ikaria, Inc. A copy of my ,curriculum vitae is attached as Exhibit 1. 

2. I received an undergraduate degree in biology (cum laude) from Princeton 

University in 1966 and a doctoral degree in medicine (M.D.) from Johns Hopkins School of 

Medicine in 1970. 

3. I spent the next thirty years of my medical career ( 1970~2000) practicing and 

· teaching medicine at some of America's foremost academic medical centers, including Johns 

Hopkins, Penn, Pitt, and the University of Michigan. At Michigan, I was a full professor of 

internal medicine, director of the Michigan Diabetes Research and Training Center, and chief of 

the Division of Endocrinology and Metabolism. 
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4. In 2000, I left Michigan to join Merck as Executive Vice President in charge of 

clinical sciences and product development. In this role, I supervised and directly managed all 

clinical research at Merck Research Laboratories, among other duties. 

5. In 2003, I left Merck for Sanofi-Aventis, where I became a Senior Vice President 

and Chief Medical Officer. My duties at Sanofi-A ventis included overseeing all aspects of pre

clinical and clinical regulatory development of the company's products and overseeing all 

medical aspects of the companis US business. 

6. In 2010, .I joined !NO, where - as noted above - I am presently Executive Vice 

President and Head of Research and Development. 

7. I have been shown a Non-Final Office Action issued by the United States Patent 

and Trademark Office (USPTO) on June 8, 2011 in a pending patent application having US 

serial number 12/820,866. This Non-Final Office Action rejected the pending claims of 

12/820,866 as "obvious" based on clinical interpretations presented by the USPTO regarding the 

teaching and disclosure of Atz & Wessel. (Seminars in Perinatology 1997, 21(5), 441-455), 

Kinsella et al. (Lancet 1999, 354 I 061-l 065) and Loh et al. (Circulation 1994, 90, 2780~2785). 

Below is my professional opinion and interpretation of the arguments and clinical interpretations 

presented by the USPTO within the Non-Final Office Action of June 8, 2011, for 12/820,866 

(the "Office Action). 

8. On page 7 of the Office Action, the Examiner states: 

"Atz et a/. teach that: 'Caution should be exercised when administering NO to 
patients with severe left ventricular dysfunction and pulmonary hypertension. ' 
(page 452, left column). " 

A more complete excerpt from Atz & Wessel, p. 452, left column is as follows: 

"Caution should be exercised when administering NO to patients with severe 
left ventricular dysfunction and pulmonary hypertension. In adults with 
ischemic cardiomyopathy, sudden pulmonary vasodilation may occasionally 
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unload the right ventricle sufficiently to increase pulmonary blood flow and 
harmfully augment preload in a compromised left ventricle. The attendant 
increase in left atrial pressure may produce pulmonary edema. , .. A different 
but related phenomenon may be operative in the newborn .... " (emphasis 
added) · 

Thus, although Atz & Wessel warns that "[c]aution should be exercised when administering 

nitric oxide (NO) to patients with severe left ventricular dysfunction and pulmonary 

hypertension[,]" this caution is specifically limited to two populations of patients. In the first 

population, the statement in Atz & Wessel p. 452, left column, is directed to adult patients with 

ischemic cardiomyopathy who also exhibit severe left ventricular dysfunction and pulmonary 

hypertension. This patient population is clearly different from the neonatal population that is the 

object of the teaching of the present claims. 

9. Further in the same paragraph, Atz & Wessel specifically refers to a second 

patient population, which is also distinct from that of the present patent application, to whom 

inhaled NO should not be administered, namely, neonates depending on right-to-left shunting of 

blood: 

"A different but related phenomenon may be operative in the newborn with 
severe left ventricular dysfunction and pulmonary hypertension. In these 
patients, the systemic circulation may depend in part on the ability of the 
right ventricle to sustain cardiac output through a right-to-left shunt 
across the patent ductus arteriosus. Selective pulmonary vasodilation may 
redirect the right ventricular output to the lungs and away from the systemic 
circulation." (emphasis added) 

For this second patient population, Atz & Wessel state that these patients exhibit a "different but 

related phenomenon" from that observed in adults with ischemic cardiomyopathy. This second 

population of patients consists of newborn patients with congenital heart disease and left 

ventricular dysfunction who are dependent on a right-to-left shunt through a ductus 

arteriosus in order to maintain peripheml circulation necessary to survive. In these patients, a 

patent ductus provides the only alternate pathway for blood being pumped by the right ventricle 

to bypass the dysfunctional left ventricle and thereby substitute for the dysfunctional left 

ventricle in providing life-sustaining blood flow to the peripheral circulation. Blood emerging 
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from the right ventricle has only two possible pathways, either through the pulmonary circulation 

and then back to the dysfunctional left ventricle, or to pass through the patent ductus arteriosus in 

a right-to-left shunt to reach the systemic circulation. Inhaled NO dilates the pulmonary 

circulation, and therefore would divert blood to the lungs at the expense of the patent ductus 

arteriosus and systemic circulation, causing systemic vascular collapse and death. Again, this 

second patient population described by Atz & Wessel is also completely different from the 

patient population addressed in the present claims, which is term or near term neonates with left 

ventricular dysfunction who are NQI dependent upon right-to-left shunting. 

10. The risk of circulatory collapse in the subset of newborns with congenital heart 

disease and severe left ventricular dysfunction who are dependent upon a right-to-left shunt 

through a patent ductus arteriosus was well known in this field long before the Atz & Wessel 

publication, as evidenced by the contmindication stated in the US Food and Drug Administration 

(FDA) prescribing infonnation for INOMAX® (nitric oxide) for inhalation from the time of its 

initial approval by the FDA in 1999: "CONTRAINDICATIONS: Neonates known to be 

dependent on righHowleft shunting of blood". 

11. As a result of the INOT22 study, it was recognized that a second population of 

neonates existed, distinct from the population described in Atz & Wessel, that had an increased 

risk of adverse events when inhaled NO was administered, namely: pediatric patients with left 

ventricular dysfunction who arc not dependent upon rightwtowleft shunting of b]ood. In view 

of this newly identified risk, the FDA imposed the addition of a distinct and separate precaution 

to the prescribing information for INOMAX specifically cautioning about an additional risk of 

pulmonary edema for patients with left ventricular dysfunction (see pamgraph 15). It is 

important to note that patients covered in the pre-existing contraindication (specifically neonates 

known to be dependent on right-to-left shunting of blood) were completely excluded from 

INOT22 by virtue of the labeled contraindication. The newly discovered risk of adverse events 

in neonates and children with left ventricular dysfunction who are not dependent on right-to· 

left shunting was not addressed, suggested or otherwise inferred from the teachings of Atz & 

Wessel, because when Atz and Wessel recommend that inhaled NO should be used with caution 
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"if at all", that warning relates to neonates who are dependent upon right-to-left shunting of 

blood - a completely different population of patients than the population that is addressed in the 

present claims. 

12. On page 7 of the Office Action, the Examiner further states: 

"Since pulmonary hypertension is instantly claimed, then the subject 
intrinsically has hypoxic respiratory failure. " 

This statement is not medically accurate. Pulmonary hypertension occurs in many conditions 

other than hypoxic respiratory failure, such as congenital heart disease, maternal use of serotonin 

reuptake inhibitors, idiopathic pulmonary hypertension, etc. 

13. On page 7 and 8 ofthe Office Action, the Examiner states: 

"Atz et a/. continues with: 'Therefore, in newborns with severe left ventricular 
dysfunction, predominantly left to right shunting at the foramen ovale and 
exclusively rlgllt to left shunting at tile ductus arteriosus, NO should be used 
with extreme caution, if at all. We and others have reported adverse outcomes 
in this circumstance. ' (p. 452, left column) (emphasis dijferingji·om original). " 

This statement merely reiterates the "caution" delivered by Atz & Wessel for the second 

population of patients identified in that publication, namely neonates dependent upon a rlght

to·left shunt at the ductus arteriosus. In this statement, Atz & Wessel simply teach that patients 

with severe left ventricular dysfunction dependent upon an exclusively right·to-left shunt at the 

ductus arteriosus often have coexistent predominantly left-to-right shunt at the foramen ovale. 

This additional left-to-right shunt at the foramen ovale, upstream from the dysfunctional left 

ventricle, permits blood to bypass the dysfunctional left ventricle and enter the right side of the 

heart, thereby enhancing the ability of the right ventricle to pump sufficient blood through the 

ductus arteriosus to maintain the systemic circulation. The population of patients dependent 

upon right-to-left shunting of blood (with or without shunting at the foramen ovale) was already 

excluded by the pre-existing FDA-mandated contraindication for inhaled NO, and is distinct 

from the patient population addressed in the present claims. 
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14. On page 8 of the Office Action, the Examiner states: 

"Atz et al. thus IdentifY conditions In the patients which is screening of the 
patient. Thus, Atz et a/. fairly teaches excluding patients which include 
neonates with left ventricular dysfunction from inhaled NO treatment because 
the Examiner interprets "if at all" to mean no treatment and hence exclusion 
from treatmenl. The left ventricular dysfunction is Intrinsically pre-existing. " 

This statement misinterprets the teaching of Atz & Wessel. Specifically, 11if at all" refers to the 

second patient population, wherein no treatment is allowed in the population of newborn 

"patients dependent upon right-to-left shunting of blood" who are at risk for circulatory collapse. 

Because these patients were already contraindicated in the drug labeling for inhaled NO prior to 

INOT22 (see paragraph 10 above), they were excluded from INOT22 and more importantly, are 

distinct from the patients identified in the new inhaled NO safety warnings mandated by the 

FDA in view of the risk that was newly identified as a result of the INOT22 study. 

15. On February 25, 2009, INO Therapeutics LLC (owner ofNDA 20845) submitted 

a label supplement to the FDA seeking to amend the prescribing information (i.e., the "label") 

for INOMAX® (nitric oxide) for inhalation, to include a new warning statement based on the 

unexpected outcome of the INOT22 study On August 28, 2009, the FDA approved the. 

INOMAX® label supplement to include the following new information: 

WARNINGS AND PRECAUTIONS 

Heart Failure: In patients with pre-existing left ventricular dysfunction, inhaled 
m1n"c oxide may Increase pulmonary capillary wedge pressure leading to 
pulmonary edema (5.4). 

5 WARNINGS AND PRECAUTIONS 

5.4 Heart Failure: Patients who had pre-existing left ventricular dysfunction 
treated with Inhaled nitric oxide, even for short durations, experienced serious 
adverse events (e.g., pulmonary edema). 

Thereafter, similar warnings were added to the INOMAX label by Health Authorities in 

Japan, Europe, Canada and Australia. The FDA (and it's counterparts in foreign nations) would 
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not add new warnings and precautions to the label of an approved drug that merely restate a 

known contraindication already existing on the approved drug label. Indeed, the new FDA

approved warnings for the use of nitric oxide are clinically distinct from the existing, original 

INOMAX contraindication disclosed by Atz & Wessel, with respect to neonates dependent on 

right-to-left shunt. 

16. On page 8 and 9 of the Office Action, the Examiner states: 

"Kinsella et a/. teach excluding patients (premature neonates) from inhaled 
nitric oxide treatment if they have fatal congenital anomalies or congenital 
heart disease (Abstract and p. 1062, Methods). Since left ventricular 
dysfunction is a congenital heart disease, as acknowledged by Applicant, (see 
specification {0028}), and it would be pre-existing, then the methods of 
Kinsella eta/, intrinsically exclude this patient population from the method . ... 
The intended patient population is Intrinsically at risk of one or more adverse 
events. Patients are intrinsically identified for nitric oxide inhalation 
treatment, diagnosed for congenital heart disease which intrinsically includes 
left ventricular dysfunction, and if the patient meets the criteria then treatment 
with NO is performed thereby redur:ing the risk of adverse events associated 
with the treatment. " 

Based on these statements, it is clear that the Examiner fails to understand several critical aspects 

of the study of Kinsella et al. 

17. First and foremost, the patients included in the Kinsella et at. trial were premature 

neonates who have severe respiratory failure due to immature lungs and surfactant deficiency, 

rather than term and near~term neonates suffering from pulmonary hypertension. In addition, 

none of the premature neonates enrolled in Kinsella et al. suffered from pulmonary hypertension. 

Thus, the patients included in Kinsella et al. were clinically differentiated, by age, etiology and 

pathophysiology, from the term and near-term neonates addressed in the present claims. 

18. Secondly, exclusion of patients from a particular study may occur for a variety of. 

reasons. For example, clinical trial inclusion and exclusion criteria are often chosen to define or 

restrict the study population in order to maximize homogeneity, thereby minimizing the presence 

of potentially confounding factors. This exclusion greatly facilitates the interpretation of the 
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study results, and increases the soundness of the conclusions reached in the study. Accordingly, 

patients with background disease sufficiently severe to overwhelm or confound an expected 

treatment effect are systematically identified and excluded quite independently from 

considerations of anticipated safety or efficacy of the test article in this particular patient group. 

19. For example, patients with malignancy are often excluded from non-oncologic 

clinical trials, not because the test agents are unsafe, pose any specific risk in this population, or 

will not work, but rather because the clinical results will be confounded by the wholly unrelated 

effects of the underlying malignancy, thereby reducing the power of the clinical trial to answer a 

specific hypothesis regarding the test treatment. As a specific example, exclusion of patients 

with malignancy or advanced heart failure from cholesterol lowering trials does not imply that 

statins are unsafe or ineffective in these patients, but rather that their inclusion would confound 

the potential effects of statins on overall mortality or cardiovascular events. 

20. In the specific case of Kinsella et al., it is clear that one of ordinary skill in the art 

would understand that the patients having fatal congenital anomalities or congenital heart disease 

were excluded not because of a suspected safety risk of treating these patients with inhaled NO 

(e.g., a risk of pulmonary edema), but rather solely because the inclusion of such patients would 

have made it much more difficult - if not impossible - for Kinsella et a!. to interpret the target 

outcomes of the study (i.e., would have "confounded" the results). 

21. On page 9 of the Office Action, the Examiner states: 

Loh et a/. leach that inhaled nitric oxide in patients with left ventricular 
dysfunction may have adverse effects in patients with LV failure (Title and 
Abstract). Loh et a/. clearly teaches that patients with pulmonary artery wedge 
pressure, which is ~ynonymous with the Instantly claimed pulmonary capillary 
wedge pressure, of greater than or equal to I8mm Hg had a greater effect of 
inhaled NO due to the greater degree of reactive pulmonary hypertension 
present in such patients (p. 2784, left column). Loh et a/. state: "Since the 
degree of reactive pulmonary hypertension is generally related to the severity 
of hemodynamic compromise in patients with LV failure, it might be 
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anticipated that patients with more severe heart failure will have a more 
marked hemodynamic response to inhaled NO. " Loh et a/. examined this 
prediction further and verified it (p. 2784, lefl column). 

The Examiner apparently neglects to consider that the acute hemodynamic effect of inhaled NO 

was studied by Loh et al. only in adult patients with New York Heart Association Class III or IV 

congestive failure due to coronary artery disease or dilated cardiomyopathy, not in term or near· 

tenn neonates who were not dependent upon right-to-left shunting. Thus, their observations do 

not teach, or even suggest, the risk of inhaled NO in neonates or children with pulmonary 

hypertension and left ventricular dysfunction who are not dependent on right-to-left shunting of 

blood, the population that is addressed in the present claims. 

22. The underlying etiologies and hemodynamic characteristics of both the primary 

heart disease and the increased pulmonary vascular resistance are drastically· different from 

adults, as compared to non-adults, such that one cannot readily assume or anticipate clinical 

results within adults to translate into neonates or children, In particular, left ventricular 

dysfunction in neonates with congenital heart disease is primarily due to developmental 

structural disease of the heart, inborn errors of metabolism that impair energy generation in the 

heart muscle, or viral infection. Class 111 or class IV congestive heart failure in adults (in 

contrast to congenital heart disease in neonates or children) is due to ischemic or dilated 

cardiomyopathy, mostly secondary to coronary artery disease and/or chronic systemic 

hypertension. Pulmonary hypertension associated with neonatal congenital heart disease is 

secondary to chronic hypoxemia, developmental abnormalities of the pulmonary blood vessels 

and/or pulmonary vascular damage from abnormally high blood flow and/or pressure through the 

pulmonary vasculature, resulting in evident disease of the lung vasculature. In contrast, 

increased pulmonary vascular resistance in adult Class III or IV congestive heart failure is due to 

reactive pulmonary vasoconstriction secondary to increased sympathetic tone or ·circulating 

vasoactive molecules (Loh et al., p. 2780, left column) in otherwise structurally normal blood 

vessels. Therefore, the hemodynamic responses to pulmonary vasodilation by inhaled NO in 

children or neonates, without right-to-left shunting of blood, but with significant pulmonary 

hypertension and left ventricular dysfunction cannot be reasonably predicted ·from the 

hemodynamic responses to pulmonary vasodilation by inhaled NO of adults with advanced 
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atherosclerotic congestive heart failure and reactive neuro-humoral pulmonary vascular 

constriction (with or without pulmonary hypertension) as described by Loh et al. 

23. On page 10 of the Office Action, the Examiner states: 

"II would have been obvious to one of ordinmy skill in the art at the lime the 
claimed invention was made to perform the method of Atz et al. and identify 
patients with a second condition/risk factor and administer iNO to patients 
that do not have the first or second condition/risk factors of instant claims 20-
27 and inform the medical provider that patients with a pulmonary capillary 
wedge pressure greater than 20 mm Hg that may increase pulmonary edema, 
as suggested by Loh et al., and Kinsella et al., and produce the instant 
invenrion." 

24. Atz & Wessel do not recommend exercising "caution" when treating term or near-

tenn neonates who are not dependent upon right-to-left shunting, but rather refer to two other 

patient populations, namely (i) neonatal patients whose systemic circulation is dependent upon 

right-to-left shunting of blood and who therefore might suffer from systemic circulatory collapse 

if given inhaled NO (a well-known contraindication for inhaled NO) and (ii) adult patients with 

New York Heart Association Class III-IV heart failure due to ischemic or dilated 

cardiomyopathy and increased neuro-humorally-mediated pulmonary vascular resistance might 

be hemodynamically at risk for pulmonary edema if given inhaled NO (the same population 

discussed by Loh et al.). 

25. On page 10 of the Office Action, the Examiner states: 

"One of ordinary skill in the art would have been motivated to do. this because: 
I) II is common sense that if the neonate is healthy then /NO therapy can be 
performed safely: 2) If the neonate is not healthy and has left ventricular 
dysfunction (LVD), then Atz eta/. clearly teach using extreme caution or not 
using NO at all in the treatment of patients with LVD which would also render 
obvious all conditions/risk factors associated with LVD; and 3) the art of 
Kinsella et a!. establishes excluding certain patients (premature neonates) 
from inhaled nitric oxide treatment if they have fatal congenital anomalies or 
congenital heart disease." 
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The conclusion presented by the Examiner is not clinically accurate, nor does it accurately reflect 

the expectations or motivations of a clinician of ordinary skill in the art at the time of the 

invention. Their expectation would have been quite the opposite. It is by no means "1) 

... common sense that if the neonate is healthy then iNO therapy can be performed safely; 2) if 
the neonate is not healthy and has left ventricular dysjimclion (LVD), then Atz eta/. clearly teach 

using extreme caution or not using NO at all in the treatment of patients with LVD." Firstly, 

inhaled NO would have no utility in healthy neonates, and is safely used in very severely ill 

neonates on a routine basis. Secondly, Atz & Wessel teach "using extreme caution or not using 

NO at all" only in neonates dependent upon right.:.to-left shunting of blood in order to avoid 

systemic circulatory collapse, and makes no statement regarding neonates with left ventricular 

dysfunction who are not dependent upon right-to-left shunting. Kinsella et al. do not teach 

about the safe or unsafe use of inhaled NO in neonates or children, let alone term or near-tenn 

neonates not dependent upon right-to-left shunting, but merely noted that they had excluded 

premature babies with fatal malformations or congenital heart disease from a clinical trial of 

inhaled NO in premature babies suffering from the respiratory distress of prematurity. Loh et at. 

teach about the effect of inhaled NO on hemodynamic measurements in adults with advanced 

heart failure and secondary neuro-humorally-mediated increased pulmonary vascular resistance, 

and speculate that these adults may be at increased risk for pulmonary edema, but do not teach 

anything about the use of inhaled NO in tenn or near-term neonates not dependent upon right-to· 

left shunting. 

26. On page 11 of the Office Action, the Examiner states: 

"Furthermore, it is already known through the teachings of Loh et al. that a 
pulmonary capillary wedge pressure (PCWP) of greater than 18 mg Hg serves 
as a guidepost for alerting the artisan to adverse events from inhaled NO. 
Thus, it is not inventive to exclude patients with a PCWP of greater than 20 
mm Hg when the art already suggests the risk of trouble of treating patients 
with a PCWP of 18 mm Hg because inhaled NO increases the wedge pressure 
as taught by Loh et al. (see entire document). In summary, it remains the 
position of the Examiner, which is in alignment with the wrlffen opinion of the 
international search authority, that it is simply not inventive to 'inform' a 
medical provider that a neonate with LVD is at risk of adverse/serious adverse 
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evenls from iNO lherapy when the art already has established that fact and the 
ordinary artisan is alerted to this fact. /{the patient has LVD then thev are at 
risk of adverse and/or serious adverse events from iNO therapy and it is not 
inventive to further identify other secondary conditions/risk factors associated 
with LVD and provide further warnings (or secondary conditions/risk factors 
thai are separate and independent (rom the first condition/risk factor but 
nevertheless associated with LVD to the medical provider. Screening for 
conditions that predispose the patient to adverse/serious adverse effects (rom 
medical treatment is obvious given the teachings above." (emphasis in 
original) 

It is inaccurate to represent Loh et al as Hserving as a guideposl for alerling the artisan to 

adverse events from inhaled NO," as Lob et al. reported no adverse events during administration 

of inhaled NO for 10 minutes to 19 stable~patients with advanced heart failure. Rather, Loh et al. 

speculated that a finding of an elevation in PCWP in a subgroup of such patients could pose an 

increased risk of pulmonary edema in adults with congestive heart failure due to ischemic or 

dilated cardiomyopathy. As discussed above, extrapolation of that theoretical risk to neonates 

and children with different forms of heart disease, different cardiovascular hemodynamics, and 

different pulmonary vasculature physiology, pathophysiology and pathology was not obvious , as 

evidenced by the fact that the members of the INOT22 Screening Committee (including Dr. 

Wessel) who designed the INOT22 study protocol, the approximately 18 Institutional Review 

Boards and/or Independent Ethics Committee, and 5 National Health Authorities (FDA and 

national Health Authority for United Kingdom, France, Netherlands and Spain) who reviewed 

and approved the INOT22 study protocol prior to its initiation, all failed to predict that any 

untoward effects would be caused by the administration of inhaled NO within a pediatric patient 

population having left ventricular dysfunction who are not dependent on right-to-left shunting of 

blood .. Only after being informed of the present invention did the FDA mandate a change to the 

drug labeling for inhaled NO to include a new warning (separate and distinct from the pre

existing contraindication pertaining to neonates dependent on right-to-left shunting of blood) 

concerning the use of inhaled NO in patients with pre-existing left ventricular dysfunction. 

27. On page 12 of the Office Action the Examiner states: 
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Respectfully, the instantly claimed method steps are in the realm of common 
sense and not in the realm of invention because it is already known in the art 
that patients with pre-existing LVD are at risk of adverse effects from iNO. it is 
obvious to the ordinary artisan that if the neonate has LVD with or without any 
number of conditions/risk factors, then in order to avoid the risk of adverse or 
sel'ious adverse events associated wilh /NO, to lhtm exclude the neonate from 
/NO therapy. In other words, given the art as a whole, determination of further 
conditions/risk factors that would exclude the neonate from /NO therapy is 
obvious given the teachings in the art as discussed above which direct the 
artisan to screen neonates about to undergo treatment with NO by inhalation 
and to exclude those with LVD from such treatment. In light of the forgoing 
discussion, the Examiner concludes that the subject matter defined by the 
instant claims would have been obvious within the meaning of 35 USC 103(a). 
From the teachings of the references, it Is apparent that one of ordlnaty skill in 
the art would have had a reasonable expectation of success in producing the 
claimed Invention. Therefore, the invention as a whole was prima facie 
obvious to one of ordinary skill in the art a/ the time the invention was made, 
as evidenced by the references, especially in the absence of evidence to the 
contrary." 

The argwnents by which this conclusion is supported are both medically and scientifically 

unsound. To summarize, the teaching. of Atz & Wessel is inaccurately portrayed by the 

Examiner due to his confusion of the known risk of systemic vascular collapse if inhaled NO is 

administered to neonates dependent upon right-to-left shunting of blood, and the opposite case of 

adults where inhaled NO may be less effective than in children. The Examiner misconstrues 

Kinsella et al. 's clinical trial inclusion/exclusion criteria as a teaching of risk associated with 

inhaled NO administration, rather than as a routine practical measure in the design of clinical 

trials to minimize confounding factors and heterogeneity in the study population. Lastly, the 

Examiner grossly over-interprets the hemodynamic findings of Loh et al. in adults with ischemic 

or dilated cardiomyopathy and congestive heart failure (a disease process differing in etiology, 

physiology, pathophysiology and pathology from childhood congenital heart disease) as "a 

guidepost to the artisan" regarding the use of inhaled NO in children and neonates with 

pulmonary hypertension and left ventricular dysfunction, but not dependent on right-to-left 

shunting of blood. These inaccurate and erroneous interpretations of all three supporting 

publications cited by the Examiner lead the Examiner to draw incorrect conclusions regarding 

what is or is not taught or suggested by the prior art. 
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I2/s2o~S66 ~md l2J.S2n,no: 

29. Dt\ W~·s5d d1S<1lll~l'.~ed with the Ei\:Mli.IW(s t)llttgation tmcl.'ihtmd it .lh1nic thm his 

(l·wn PJlblkntion· won! d. ·bt.~ tdt~;d tQ suggt~st tlre ')hyh)UlHl~S!:I QftJw.·urlexpe<:ted outconws 9f the 

JNO'f22 study! \vhe:tt D.r .. w:~ssd hlmst:d.i: lhe S\tltior mitlto.r ~:H' .Atz &: \VQSSel, 1hiktcl ttl lJ.l~diot 

·that ·neonat~d ·<ind child pnt.knts·.wilh kfl vtnitrknlnr dysl'hrwtiph who ~rrc lii'it: de.pe-ndcht pn rjghf

tQ·l~-i't ~hunting of hh)fJd would .be at incn~~1~~ed. dsk nftK!vcrso cvems ·\vhc.n.i~dmlnlsh.lred inhaled 

NO~ .<\ e<~rrY <.'>fa Julie 2.9,, 2011 lNtc'i' from Dr. W!i.tlisbl to m0- st~itii115. fhi~ tlpiilh).il is Mtach0d 

her~to as Ex.hiblt ;1.. 

3Q, J ·he.ro\~y {h;,dare ~hnl' :aJl ~rak~nwnt1J·:madri.1 httn.rin of my .(rwn kn~)\ykdg,e aie f:l;U¢ 

and that all li.latel.nents .ttn~dt'l em inihrmntim-r <md buliu:t m<e heHeved w be true; and f\nthel' thai 

theiie 'liWttemt\i1ts \Verc l'fHklc with the lato\:vkclgc tli<tt \Vill:I\Jt fhh>o ~tt\t~!l1l0!1ts and tlw Iiks.t ::H:l 

nwde nrc pl.HllS!t<lb!c by fin.c or Jr:nptiSt)nJT\t::·ni, or botth under Sei..:t\t)Jl 1 no l of Title 18 of the 

tJi1lted Stnte·s O:Jde, and i.h::it suc.h wiJlfn'! l'~th~~! stnlt!l\'il'.!rlts rriny .kopardb!.~~ d.10 vaHdhy t'ifthe '35~~ 

patent. 

Ex. 2007-1155



Applicant : 
Serial No. : 
filed 
Page 

Baldassarre et al 
12/820,866 
22JUNIO 
15 of 15 

Attorney's Docket No.: 1001·0002USC1 

EXHIBIT 1 
(curriculum vllne) 

Ex. 2007-1156



() 0 .. 
CURRICULUM VITAE 

PERSONAL DATA 

Name: 

EDUCATION 

High School 

Undergraduate 

Omduate/Profcsslonal 

Douglas Alan Greene, M.D. 

Columbia High School, South Orange, NJ, 1962 

·Princeton University, Prlnt'l.lton, NJ, BA Biology(cum laude), 1961..1966 

Johns Hopkins School of Medicine, Bultlmoro, MD, M.D., 1966-1970 

POSTDOCTORAL TRAINING 

Medical lntemshlp: 

Medical Re1ddcncy: 

Follows hip: 

Department of Medicine, Johns Hopkins, Baltimore, MD, 1970-1971 

Depnrtment of Medicine, Johns Hopkins, Bnltlmorc, MD, 1971·1972 

Medical Fellow11hip, Department of Medicine, Johns Hopkins University, 
School of Medicine, Bnllimore, MD, I 970-1972 

Post-doc~ornl Research Pellow, Dlabctc.~. GeorgeS. Cox Medical 
Research Institute; Hospital or lhe University of Pennsylvania, 
Phlln~elphia, PA (Dr. Albert I. Winegmd, preceptor), 1972-1975 

Medlen! Fellowship, Department of Medicine, University of 
Pennsylvanln, School ofMedfclno, Philadclphln, PA, 1972-1975 

NON·ACADEMIC EMPLOYMENT 

2000-2003 Executive Vice President, Clinical Sciences 11nd Producl Development 
(CSPD), Merck Research Laborntoric.'l, Rahway, New Jersey, and 
Corporate Officer, Merck, Inc. Supervised and directly mnnaged all 
clinicnl resenrch, regulatory affairs, clinical and non-clinicnl quality 
nssurunco nnd phnrmnco-vigilnnce nt Merck Rescnrch Laboratories. 

2003-2006 Vice President, Hend Corporate Regulatory Development, Sanofl·Avcntill, Bridgewater, 
NJ. Overseeing oil aspects of corporate regulatory development of nil pre-clinical and clinical 
development projects/Ufc-cycle productaln R~enrch & Dovclopmcnt. 

2006-:4009 Senior Vice Prcscldcnt, Chief Medical Offlcor, Sanon-Aventis. Drldgewnter, NJ. 
Over11celng medical, regulnlory, phannocovigilance, risk manngement, education nnd medicnl 
communications for US region, Member US Executive Commluee, Member Committee 
Opemtlonnl de Development,lntornntlonal Clinical Development. 

2009-presont Senior Vice President, Senior Sclentlnc Advisor, SRnofl-Avontis, Bridgewater, New 
Jersey. Member Corporate Portfolio Vuluntlon Process and Drug Development Commluees. The 
position nt the lnterruce between the Research nnd Development ond Pharmaceuticnl Operations is 
responsible for providing key scientific nnd medlcul guldnnce for snnofi-nventis' scientific 
strategy within U.S. and global contexts to onhnncc the qunlily and effectiveness of the company's 
research and product portfolio, Including nHRossmcnt and guidance or lntern11l R&D product 
pipeline Qlld franchise portfolio ond oxtemnl commercial and ncndemlc Innovation opportunities. 
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ACADEMIC APPOINTMENTS 

1975·1980 

1980-1986 

1986·2000 

1991-2000 

2000-Proscnt 

Asslslnnl ProfCJ~Sor of Medicine, University of Pennsylvania, School of 
Medicine, Philadelphlll, Pennsylvania 

Associate Professor of Medicine. Dlrcctor, General Clinical Research 
Center and Dlnbctcs Research Labomtorles, University of Pittsburgh, 
School of Medicine 

Professor or lntemnl Metlicinc, Director, Michigan Diabetes Research 
nnd Trolnlng Center, University of Michigan School of Medicine 

Chief, Division ofEndocrinoiogy & Metnbollsm, University of Michigan 
School of Medicine 

Adjunct Profc.'l.~or, Internal Medicine, Division of Endocrinology & 
Metabolism, University of Michigan, School of Medicine 

SELECTED SCIRNTIFIC ACTIVITIES 

1988-1994 

1994·2000 

Chttirmun, Endocrinologic and Metabolic Drug Advisory Boord, Food 
nnd Drug Administration, Washington D.C (Chuir, 1990-1994) 

Chaimum, Merck Scientific Board of Advisors 

SELECTED SCIENTIFIC PRIZES AND A WAitDS 

1986 

1987 

1987 

1988 

1989 

1994 

1996 

1996 

1998 

First Annunl Rnymond A. nnd Robert L. Kroc Lecturer, Blscnhowor Medical 
Ccnlor1 Palm Spring,~. Cnlifomin 

Moore Award, The Amerlcnn Assoclntion of Ncuropnthologistll, Scnttlc. 
Washington 

Cnrol Sinlcki Manuscript Award (Tho Dlab~tes Bducotor), American Association 
of Dinbetes Educutors, Chicago, Illinois 

Kelllon Lecture, Tntemnlionnl Diabetes Federation, Sydney, AuNtrnlln 

Banting and Best Lecture, Toronto Genernl Hooplt.al, Toronto, Canada 

Charles H. Belli Lecturer, 'l'oronto Diabetes Association, Toronto, Canada 

Invited Speaker, Sevunty·tifih Anniversary Celebrntlng the Discovery of Tnsul!n, 
Toronto, Cnnndn 

Plrst Alan Robinson Lecturer, University of Pittsburgh 

Outstanding Foreign lnvostlgntor Awnrd, Japan Society of Diabetic 
CompllcntlonH 
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SELECTED DIDLIOORAPHY 

Peer-Revlflwed PublJcatlons (Selected from over 170 peer-revhwed arlicles): 

Doutlas A. Orcono, M.D. 
updattd OS/281/0 

1. Orecne DA, DeJesus PV, Winegrnd AI: Bffccl of Insulin and dietary Myo-Inosilol on Impaired 
peripheral motor nerve conduction velocity in acute streptozotocln diabetes. J. Clln. Invest. 
55:1326-1336, 1975. 

2. Wlnegrad Al, Greene DA: Diabetic polyneuropathy: The Importance of Insulin deficiency, 
hyperglycemia and nllerntlons In myolnosltol metabolism In Its pathogenesis. N. Engl. J. Med. 
295:14!6-1420, 1976. 

3. Greene DA, Lalllmer SA: Sodium· and energy dependent uptake of myo-lnosltol by rnbbil 
peripheral nerve. Compctllivo Inhibition by glucose and lnck of an Insulin effect. J. Clfn. Invest. 
70:1009-1018, 1982. 

4. Greene DA, Lattimer SA: lmpolred rat sciRtic nerve 110dlum-potassium A TPase In acute 
streptozocln dlabete11 and Its correlation by dietary myo-lnositol supplementation. J. Clin. Invest. 
72:1058·1063, 1983. ' . 

5, Groene PA, Lattimer SA: Impaired energy utilization and Na-K-ATPnsc in dlabclJc peripheral 
nerve. Am. J. Phyo~·iol. 246:E311-E318, 1984. 

6. Greene DA, Yaglhnshl S, Lnttlmcr SA, Sima MF: Nerve Nnt+K' .. ·ATPasu, conduction nnd 
myo-inositol in the insulin deficient BB rnt. Am J Physiol241:B534-B539, 1984. 

1. Greene DA, Lattimer SA: Protein kinase C agonlsts acutely normalize decreased ounbaln· 
inhibitable respirutionln dlnbcUc rabbit nerve: Implications for [Na,KJ·ATPase regulation and 
diabetic compllcntlons. Diabetes 35:242-245, 1986. 

8. Sima AAF, J.nulmer SA, Ynglhnshi S, Groene DA: 'Axo-gllal dysjunotlon' n novel structural 
lesion that accounts ror poorly-reversible slowing or nerve conduction In tho spontnneously 
diabetic BB-rat. J. Clln. lnvtf.vt. 77:474-484, 1986. 

9. Greeno DA: A sodium-pump defect In dlnbetlc peripheral ncrv" corrected by sorb in II 
ndmlnlstrntlon: Relntionshlp to myo-ino:~itol mctnbolism and nerve conduction slowing. 
Metabolism 35:60-66, 1986. 

10. Greene DA, Mackwny AM: Deorcnscd myo·inosilol contcntnnd Nn+-K•·A'l'Puae nctlvlly in 
superior cervical ganglion of STZ·dlnbelic rulnnd prevenllon by nldose reductnsc inhibition. 
Diabetes 35:1106-1108, 1986. 

11. Carroll PD, Thornton BM, Greene DA: Olutnthlono redox stntc Is not the link between polyol 
(lllthwny nctlvlly and diminished (Nn,K)·ATPase ncllvlly In experimentnl diabetic neuropnlhy. 
Diabetes 35: 1282·1285, 1986. 

12. Greene DA, Lattimer SA, Slmn AAF: Sorbitol, phospholnosilidcs ami th~ sodlum-potnssium 
ATPnse In the pathogenesis of diabetic complications. N. Engl. J. Mod. 316:599-606, 1987. 

13. Greeno DA, Chakrnbnrtl S, Lattimer SA, Shnn AAF: Role of sorbitol nccumulnlion and myo
lnosltol depletion In purnnodal swelling of larue myollnaled nerve fibers In the lnsulln-(leflclent 
spontnneously dlnbctlc blo-breedlng rnt: Reversal by Insulin replacement, nn aldose reductase 
Inhibitor, and myo·inosltol. J. Clln. Invest. 79: 1479·1485, 1987. 
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14. Sima AAF, Nathaniel V, Bril V, McEwen TAJ, Oreonc DA: Hlstopothologlcal heterogeneity of 
neuropathy In Insulin-dependent and non-insulin·dopendent dlnbete11, and demonulrntlon of nxo· 
glial dysjuncllon In human dinbetic nouropathy, J. Clln.lnvesr. 81:349-364, 1988. 

15. Greene DA, Lattimer SA, Sima MF: Perspectives in diabetes: Are disturbances oftlorbltol, 
phosphoinositidc, and Nn+·K'··ATPase regulation involved In pathogenesis or diabetic 
neuropnthy? /Jlubetes31:688-693, 1988. 

I 6, Oreene DA, Lattimer SA, Slmn AA: Pnthogentllll!! und prevention of dlnbetlc ncuropnthy. 
Dlabutes Metab Rav 4:20 1·221, 1988. 

17. Lattimer SA, Slmn MF, Oreene DA: In Vitro correction of Impaired Nn•-Kt·ATPnse In diabetic 
nerve by protein kinase C ugonlsts. Am. J. Physlol. 256 (llndocrlnol. Metab. 19):B264·B2G9, 
1989. 

18. Greene DA, Lattimer SA, Sima AAF: Pathogenesis or dlnbellc neuropathy: Role of altered 
phospholnoslthle metabolism. CRC Critical Reviews In Neurobiology (J. Nelson, cd., CRC Press, 
Inc.), pp. 143·219, 1989. 

19. Greene DA, Lattimer SA, Carroll PB, Pt:mstrom JD, Finegold DN: A do feet in sodium
dependent amino acid uptake In dlnbotlc rnbblt perlphernl nerve: Correction by an nldoso 
roductnse Inhibitor or myo-inositol admlnistrnlion. J. Clin. lnve.rt. 85:1657-1665, 1990. 

20. Greene DA, Sima AF, Pfeifer MA. Albers JW. Diabetic Neuropathy. Annu Rev Med 4l :303· 
317, 1990. 

21. Sima AAP, Prnshar A, Zhnng W·X, Chnkrubnrtl S, Orccno DA: Preventive effect of long-term 
aldose reductase Inhibition (Ponnlreatnt) on nerve conduction nnd surnl nerve lltructure in the 
spontaneously dlnbcllc blo·brccding rnt. J. Clln. Invest. 85: 1410-1420, J 990. 

22, Kim J, Kyriazl H, Orccnc DA: Normnlizntlon of (Nn,K)·ATl'aso activity In nn Isolated 
membrane fraollon from Hcintlo nerves of strcptozotocln..<.Jinbctlc rnts by dlctnry myo·lnosltol 
supplemontnllon in vivo or protein klnusu C ngonlsts in vitro. Dltt/Jete3 40:558-567, 1991. 

23. Stevens MI, Lnttimot· SA1 Kumijo M, Vnn Huysen C, Slmn AAF, Greene DA: Osmotlcully 
Induced norvo taurine depletion In experlmentul dinbetes: An hypothetlcul mcdlntor of pnlnful 
neuropnthy. Dlab41ologfa 36:608-614, 1993. 

24. Henry DN, Del Monte M, Greene ))A, Killen PD: Altered uldo&e reductase gene regulation In 
cultured humnn rotlnnl pigment eplthullnl cells. J. Cl/n. lnve.rt. 92:617-623, 1993. 

25. Tho DCCT Rcscnrch Group: Tho cffcol of intensive trentment of diabetes on the development 
nnd progression of long-term compllcnllons in in~ulin-dependenl dinbetes mellitus. N. Eng. J. 
Med. 329:977·986, 1993. 

26. Thomas TP, Feldmnn BL, Nnkamuru J, Knto K, Lien M, Stevens MJ, Greene DA: Ambient 
glucoso and aldose reductase-Induced myo-inosltol dopletlon modulate basal and cnrbachol· 
lltlmulnted Inositol phospholipid metnbollsm and diacylglycerol nccumulatlon In human retinal 
pigment epllhcllnl cells In culluro. Pror:. Nat I. Acad. Sci. USA 90:9712·9'7 I 6, I 993. 

27. ThomnsTP, Porcellnti F, Knto K, Stevens MJ, Sherman WR, Greene DA: Effects of glucose on 
sorbitol pathway activation, cellular redox, and metabolism or myo-inosltol, ph01!pholno.~it Ide and 

4 

Ex. 2007-1160



0 () Pout~las A. Orccnc, M.D. 
11pdattd 05128/JO 

diacylglycerol in cultured humon retinol pigment cpithellnl cell!i. J. Clln. ltJWls/. 93:2718-2724, 
19!)4. 

28. Stevens MJ, Danunbclrg J, Fcldmun BL, Lnttlmer SA, Knmljo M, 'fhomns TP, Shindo H, Sima 
AAF, Orccno, DA: 'rhc linkcd.rolcs of nitric oxide, nldosc reductase and (NN,K,·ATPnoo in 
the slowing of nerve conduction in the strepto:wtocin dlnbotlc rat. 1: Clln. Invest. 94:853-859, 
1994. 

29. Feldman EL, Stevens MJ, Thomns PK, Drown MD, Canal N, Greene DA: A practical two-step 
qunntltntlvc ollnicalund cloctrophyslologicnlnHIICS.~ment for the diagnosis and staging of diabetic 
neuropathy. I>labete,v Care 17:1281-1289, 1994. 

30. The DCCT ResciU'Ch Group: The effect of Intensive treutment of diabetes on nerve conduction 
measures in tho DCCT. Anual.v ofNeuro. 38:869·880, 19!>5. 

31. Stevens MJ, Feldman EL, Greene DA: The nellclogy of dlnbctic neuropathy: The combined roles 
of metabolic and vascular defects. DiaiJallc Modlclna 12:566·579, 1995. 

32. Shlndo H, Thoma.s TP, Larkin DO, Knrlhaloo AK, Inndn H, Onoyn T, Stevens MJ, Greeno DA: 
Modulntlon ol'bnsal nil ric oxide-dependent cycllo-OMP production by amblont glucose, myo
inosltol, and protein klnaae C in SH..SYSY human ncuroblnstoma coils. J Clfn Invest 97:736-745, 
1996. 

33. Sima Mfl, Rlstlc H, Merry A, Knmijo M, Lnttlmcr SA, Stevens MJ, Greene DA: Primary 
. preventive and secondary lnterventlonary effects ofncetyi·L-caml!ine on diabetic neuropnthy In 

the blo-breedlng Worohester rut. J C/ln lnvest91: 1900-1907, 1996. 

34. Knrlhaloo A, Knto K, Greene DA, Thomas TP: Protein klnnsc and cystololic calcium modulation 
of myo-lnoslloltrnnsport In cultured retlnnl pigment cplthcllnl cells. Am I Physioi213:C611·618, 
1997. 

35. Tho DCCT Research Group: l:!ffect of lntoOlllvc thun1py on residual fl-cell function In pnlients 
with Type I diabetes in the DCCI': A rnndomizcd, controlled trlol. Ann lnt Med 128:517·523, 
1998. 

36. The DCCT Research Group: The effect of Intensive diabetes therapy on measures of autonomic 
nt~rvous system function In the DCCl'. Dicrbetologfa 41 :416-423, 1998. 

37. PorccllaU F, Hlaing T, Togawa M, Stevens MJ, Lnrkin DD, HoliUku Y, OloverTW, Henry DN, 
Greene DA, Killen PD: Human Nn • -myo-lnosltol cotrnnsportcr gene: nltemnlc splicing generntes 
diverse transcripts. Am J Pllyslo. 274: CIZI5-Cl225, 1998, 

38. Porccllntl P, Hosalca Y Hlulng T, Tognwn M, Larkin DD, Kar!hnloo A, Stevens M1, Killen PD, 
Greene DA: nltemutc splicing in human Nn+·MI cotrunsportcr gene yields differentially 
regulated transport lsoforms. Am J Physio/216: 1325-1337, 1999. 

39. Oreene DA, Stevens MJ, Obrosuvu J, Feldman EL. Olucosc-lnduced oxidative stress and 
programmed cell dcnlltln diabetic neuropnU1y. European Journal of Pharmacolocy 375:217-223, 
19!)9. 

40. Greene DA, AJ'C'ct.o JC, Brown MD: Effect of aldose rcduotnse Inhibition on nerve conduction 
und morphometry in c.llabctlc ncurop11thy. Neurofogy 53:580-591, 1999. 
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41. Dlnhctcs Controlnnd Compllcnliona TrinVEpidemlology of Diabetes Interventions and 
Complfcntlons Research Oroup: Retlnopnthy nnd nephropathy In patients with type I dinbetcs 
four years nner a trlnl of lnton:dvc th"rnpy. N Eng/ J Mad 342:381·389, 2000. 

42. Sundkvisl 0, Dahlin LB, Nilsson H, Eriksson KF, Lingarde F, Rosen I, Lattimer SA, Sima AAF, 
Sullivan KA, Oreono DA: Sorbitol und myo-lnositollevels nnd morphology or sural nerve in 
relation to peripheral nerve function and clinicnl neuropathy In men with diabetic, impaired, and 
normal glucose tolernnc:c. Dlu/Ja/lc Medicine 17:259-268, 2000. 

43. Stevens MJ, Obro:~ova I, Cno X, Vnn Huy11cn C, Oroone DA: EffeciS ofDL-alphn-lipolc ucid on 
peripheral nerve conduction, blood flow, energy metabolism and oxidative stress In experlmentnl 
diabetic 1\ellropnthy. Dlaberes 49;1006-IOIS, 2000. 

44. Obrosovn IO, Fnlhnllnh L, Greene DA: Bnrly change.~ In lipid pcroxldatlon and nntioxldatlvc 
del'onse In dlnbclic rnt relinn: efl'ect of DL·IIIphn·lipoic ncld. Eur J Pharmaco/398: 139-146, 
2000. 

45. White NH, Cleary PA, Dahms W, Goldstein D, Malone J, Tnmborlane WV; Diabetes Conlrol and 
Compllcnllons Trial (DCCT)!Epldemlology of Diabetes Interventions and Complications (EDIC) 
Research Oroup: Bcnoficinl effects of intcnHivc th.crnpy of diabetes during adolescence: 
outcomes nner the conclusion of the Diabetes Con troland Complications Trial (DCCT). J 
Pediutr 139:804·812, 200 I, 

46. Perkins BA, Oreenc DA, BriJ V: Olycemlc coni roll:~ rolntcd to tho morphological severity of 
diabetic sensorimotor polyneuropnthy. /)/abe/as Care24: 748·752, 2001. 

47. Moller DE, Oreene DA: Peroxlsomu prollfurutorNcllvatcd receptor (PPAR) gammaogonislll for 
diabetes. Mv Prmeln Chem 56:181-212, 200 l. 

48. Obro~ovn 10, Van Huy11un C, Pnthnllnh L, Coo XC, Oreene DA, Stevens MJ: An nldose 
reductnso Inhibitor reverses cnrly dinbetcs·lnduced changes In peripheral nerve function, 
mctnbollam,and nntloxidntive <leronso. FASEB J 16:123-125,2002. 

49. Pop·Busui R. Mnrincscu V, Vun Huyscn C, Li F, Sullivan K, Oreonc DA; Larkin D, Stevens MJ: 
Dissection of mctnbol!c, vuliculnr, and nerve conduction lnterrelallonshlps in experimental 
diabetic neuropathy by cyclooxygennse inhibition nnd acetyi-L--camitine admlnlstrntlon. 
DiabeteJ 51: 26 t 9·2628, 2002. 

SO. Vibcrti 0, Kahn SE, Greene DA, Hermnn WH, Zinmun B, Holmun RR, Huffncr SM, Levy D, 
Lnchln JM, Berry RA, Heise MA, JonCll NP, Freed Ml: A <linbctc~ outcome progression trial 
(ADOPT): an lntcmational multicenter study nf the comparnlive efficacy of roslglltn~one, 
glyburide, and met form in in recently diagnosed type 2 dlabcte.9. Diabetes 25:1737-1743, 2002. 

51. The Writing Team for the Diabetes Controlnnd Compllcntions TrlnVEpldcmlology of Dlnbctes 
Interventions ond Compllcntions Resunroh Oro up: Effect of Intensive therapy on U1c 
microvasculnr complications of type I dlnbetes mellltus. JAMA 287:2563-2569, 2002. 
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(;h.~.~.dti~DB 1\J'Ht[()ntd 
.&ietlh:l~i f)?lt?:~r;~~ 

c~:nt(:·i'Ji?:: ... H<~~~Hl~:!i ... ~?i¥~\t:~(~ ·~~lJ/:/c{~Nll~es 
. · 1:~!1:rr:1~:·"<~ .. aisf J:'~X{tl?:~lit~d:P,\lb;~--s·ot·~~l 

(:~~'ii!~{~:!·(~~·'?.if~? ;~~~~~/f?J.l~&? 

botJglas (!lr<;len~·. M.P.. . . . 
Executive Vice. P~s}dentand:Head'bfHesear:ch & Dev.eJbp'lnent 
!karla, Inc. 
Perryville Ill Corporate Park 
53 Frontage React, .3(° Floor 
PO 8o.x 900·1 
Hampton, NJ oeezr~e.OO'I 

RE; USSN 1:2ta20;866:atl# 1:~/82Qj9~0 
Atz ei.sl.t $~minar$Jn Perin.a(bloqy 1iJ!J0:i!'t(5), .pp441r-455 

b.ear Doug: 

lt1 2005, I chaired the $tel;lrin9 Cotrim!tt~e of.tt1i:l$poi1sor,lNO Th¢~ape!,.!tics L~Q.(tNQT)., \9 
establish, design und over~e$Jhe lNOT22 Sti,Jdy, Presen.Uy, l AJIY:l Ch!ef, Ol\)i${Qt1ofQriti6al 
C~r~ Mediclmnmd Senior Vloe President, Children's Nafim1al.M~d!cal Cent~;~r, Washington, 
o,c,1 

10 add.Jtlon . .,to be}ng the Chakof the !N.OT2e ·St~rlng ·Committ~e ... l also ·~.m th~ se.nlqr author qf 
Atz :eta/., Seminars in Pediwtoiogy :1.2}97;21 ($), pp 44.'1~.455 (Atz et aL); 

At toe tlrhe ofthe design of th~ lN012.~ .Stu<Jy protocol; ~1elth.~r mys~lf, the o~rmrsteering . 
d.omn'i1Uee l11€H1)bers. nor. the study Sp'Orlsor appredated. or. anticipated Uiat a. chHd wlth J~ft 
ventfitul¢r dySf~J,rictj<}n W.t)o is n¢to~f)~!Jo~tlt qrt rigbHo-JeftS,.h(mth:ig ofbloo(! vtollld pe ?.t 
adtiitiqnaj .rl$l;;Vyh.£?,n'tt\'1at~q With 1ril1a_!eq riifrlq.b~id~ (if\lQ). ThJs is the reason sq¢h Chii(Jren 
wen;r not ori£;in:ally ~xclud.ect ffom the. INbl22-study enhy criteri'a~ 

Neither the Atz et aL article tl)alt. co.,aUthot$d, .no!· 'the: ih~dicafllt~rat\Jre ·or h1edlcaJ e>eperleilc¢ 
of whfoh.J w~a a war.~ aJ tho tilYJ~, pre.oipr th{$·~risk,: \il$tead, At;:;.. e{ a!·des.qrlbE!.S ·two di$tlnGt, . . 
independent precaLitiOf'lS;\,_)ithreS.pecno the US<;f'of fNO, First, with respect.tb adult~, Ali et aL 
sta.teq thafiNO h'lay·o.e:·rnor~:~ff~ctive· 1M l'Wwbornstli$n ln.pfder P.$tl~nts, ati!J ndt~d tliarlt 

flnthe interest of full disclosure., 1 fi:mner.!y s.erved as·f:f¢ori$u[tfc;>r !NO Therapeutics LLC. H:yrrfliitly. 
seN. a wHhotWI'eM1Ulle.r¢(Jon ·4$ a rtjen)q~( oFU\¢ l~f;lt'l~.ScJ~r)tiOc El,o$rd 9r AcJ\ijsor~. hi,201 o Tw~s 
appolnted by tiiy ihstltt,ttlof1 a~ !!1.~ U<t'irla Oi$iii1~Mshed: Professor b1' prltlpQl oa.~(i Mtift!!i!lne~ 

. ( ll ~tk~h·igm.t.::h:t~(Hf1~ .. hL\): :.\:- !t\:.!W \~·~)~· HIO ~y W~r:;hiH~~t.,1P~ flC·iW·!HO~·?.~·n}: 
f\~~- {.~nln·i}~1t~ ... ·~o47 ·::~ ·f·'t-~.~ .. :;' {t~o:~) 4:l.(J··~~HbB :~. ~t;,:tj~~:df:p::d~uv!.!i~·(i\:: ~·· vtk·~~~f;h!i\t-1-.tji~NnJkii!~.tLor~t 

Ex. 2007-1164



~1hould. be us-eo with caution In adlllls with ls~1Mm!c cardiqr'f)Y'-''PfHhY lrv,vh6t1) :& rlsk Of 
puhi1t)f\ai'yed(lln$·i$ -~ 6<-)ns!de'ratioh (see.-pag~462. 1ett:Dotw'nn), Second, yV\thr~.spe¢tJo 
neonates, we stated the :we!Fknown contraihclict~Hon(cummtly found in the !NOMAX~ 
pi':$$Cl:Jb1ng lnforrnatiori) that-H-40-Sht;lu!d notb.e:lR~ed :b ·nawbbms.'cle'p~ticlent upon righHo:..feft 
Shlrt'ltihg-ofbl(.locl acrb~$ ~ p~~tf;'lnt d~ic~i.w· ar:ferlbl.!S'.t9 avo.iq p.ircul?to.ry coll~~p~~; WHat we. did 
not,~isd6s&~r prcidltt.Woa$ that neohak"'! p~1t!$hts Wlth: 1.~11 v~mtrio.u!~r dysftTnction who at~ n¢t 
dependant. on rlght,;;to-:!eft shuntJn9 of blot)d ,.v.ould. be at greater rl$kof advers.~ events:. 

It i.s ir\)nk that my own pvbtkatloinvould be 9ltel,i to sqgg~$t tlla.tit w~ufd hk.Pi~ been obvfo'us ti> 
predict \he .adv~r$e ~vents. ahct QtJtcbn1~s:of.:theJNQT22 Sfuoyv•lhen l, thEt ~enror ~H.ithor-ofAtz 
et aL, fal!ed to anHcipate or predictthl':'lse: (1!1eX~iocterl oute0mes at the:Htne,! partJclpatBd ln 
dr~tung tbe·origlt1a! INOT22 StudyPr9tot\91• If so, l would have bt~~n ficting either. M1gUg~ti.HY' or 
!nlelitlon~lly to harm babl(i}Sy and l6:16st wrtalnly .Wd~ l)pL Fhrth~ririote, to niy'knqwle(:ige, ilohe 
of the otherml;lmber$ (.)fth~ tNOT2? Si~~erii1g Comrnllt~'l(-J who ;tl:'mh.W~~ me In desjgnlng the 
study, ·nor- tha. approximately 18 lnst!Mional R.mi\ew· Bbilt'Us mtd 2 National Health .Aulhor!Ues 
V.'ho rev1ew~d aik'l appn?v¢d th~~ slttdypr1Pr lo ltf:dnttl~1tkm, prediGted tl)e 5tdv$rs:e ei!et1ts fn 
chlldr~t'l with left ventr·i¢ulat"dysfunotion who are not dependent on rtght·to..:li\'lff shunting of blood, 

ln slin1i11ary,·altholtghlt·Waa ~no~\ln that-neoh<:He~ wht.~se systert1lc ClrcuJatlon v.ias dependent on 
.ff.ght4o,.f~ft shunt shoUld not n:lC(~rue iNO.; <:~nd lt.h~i.d beer1 r~t~t!rW~d th$t adults ~vlth pre,..exlslih:g 
k~ft ventrlcofar dysft:mN1on (from <:oronary artery diseasa) may be 1'.1t risk vVhen proVided !NO, lt 
\-v-as w:tanticfp~ted· and surprising that children Wltb left ventricular dysfunction who are not 
Cl\':lp~ndeht on ·nghHo·lett shunting wpuld h~ ~it lncrea$ed rtsk of adverse events when 
administered }NO, 
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Exhibit 8 

USSN: 12/820,866 

UNITED STATES PATENT AND TRADEMARK OFFICE 
Aoollcatlon Serial Number 12/820 866 
Confirmation Number 2913 
Filing Date 22-JUN-2010 
Title of Application METHODS OF TREATING TERM AND NEAR-

First Named Inventor 
Asslnnee 
Group Art Unit 
Examiner 
Attorney Docket Number 

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

TERM NEONATES HAVING 
HYPOXIC RESPIRATORY FAILURE 
ASSOCIATED WITH CLINICAL OR 
ECHOCARDlOGRAPHIC EVIDENCE OF 
PULMONARY HYPERTENSION 
JAMES S. BALDASSARRE 
IKARIA INC. 
1616 
ARNOLD, ERNST V. 
1001-0002USC1 

DECLARATION OF JAMES S. BALDASSARRRE. MD. 
UNDER 37 C.F.R. § 1.132. 

I, James S. Baldassarre, do hereby declare the following: 

1. I currently hold the position of Vice President of Clinical Research at INO 

Therapeutics LLC eiNO"), which is a wholly-owned subsidiary of Ikaria, Inc. A copy of my 

curriculum vitae is attached as Exhibit 1. 

2. I have over 20 years of experience as a physician and over fifteen years of 

experience directing clinical research in the pharmaceutical industry. 

3. In 2004, l was the Medical Monitor responsible for the design and execution of the 

INOT22 study. 

4. The INOT22 study, entitled "Comparison of Supplemental Oxygen and Nitric Oxide 

for Inhalation Plus Oxygen in the Evaluation of the Reactivity of the Pulmonary Vasculature During 

Acute Pulmonary Vasodilritory Testing", was a randomized, multi-center study having an expected 
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Applicant : Baldassarre et al 
Serial No. : 12/820,866 

Attorney's Docket No.: I001-0002USC1 

Filed : 22JUNIO 
Page : 2 of5 

enrollment of 150 patients, aged four weeks to 18 years, in approximately 18 study sites over 

approximately 2 years. 

5. The INOT22 study was established and designed by the study sponsor, INO 

Therapeutics LLC and a Steering Committee comprising international recognized experts in the 

field of pediatric heart and lung disease, whose members would assist INO to develop the INOT22 

protocol, monitor the progress of the trial, and provide recommendations to INO on changes in the 

procedures and conduct of the trial 

6. The Steering Committee consisted of: 

a. David L. Wessel, MD, presently Senior Vice President, The Center for 

Hospital based Specialties, and Division Chief, Pediatric Critical Care 

Medicine at Children's National Medical Center, Washington, DC; 

b. Robyn J. Barst, MD, presently Professor Emeritus of Pediatrics and 

Medicine, Columbia University College of Physicians and Surgeons, New 

York; and 

c. Duncan J. Macrae, MD, presently Director, Pediatric Intensive Care, Royal 

Brompton Hospital, London, UK. 

7. The original INOT22 study protocol designed by INO and the Steering Committee 

did not exclude study patients with pre-existing left ventricular dysfunction who were not 

dependent on right-to-left shunting of blood. 

8. After the INOT22 study protocol design, but prior to study initiation and enrollment, 

the original INOT22 study protocol was reviewed by an Institutional Review Board (IRB) and/or 

Independent Ethics Committee (IEC) at each of the t 8 participating study institutions, including 

review by the principal investigator within each study institution. In addition, prior to study 

initiation and enrollment, the original INOT22 study protocol was reviewed by the US Food and 
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Applicant :· Baldassarre et al 
Serial No. : 12/820,866 
Filed 22JUNIO 
Page : 3oFS 

Attorney's Docket No.: 1001-0002USC1 

Drug Administration (FDA) and separately reviewed by each national Health Authority (European 

equivalent to FDA) within the four European countries participating in the INOT22 trial (United 

Kingdom, France, Netherlands and Spain). In addition, INO regularly requested input and scientific 

guidance on clinical trials from its own Scientific Advisory Board At no time did any member of 

the Steering Committee, INOT, an IRB, IEC, individual principal investigator, Advisory Board 

member, FDA or European Health Authority appreciate, recognize or otherwise suggest that 

subjects with pre-existing left ventricular dysfunction who are not dependent on right-to-left shunt 

should be excluded from the INOT22 study or that such subjects would be anticipated or predicted 

to have an increased risk of adverse events or serious adverse events arising from the administmtion 

to them of inhaled nitric oxide. 

9. Under FDA regulations, an IRB is an appropriately constituted group that has been 

formally deslgnated to review and monitor biomedical research involving human subjects. In 

accordance with FDA regulations, an IRB has the authority to approve, require modifications in (to 

secure approval), or disapprove research. This group review serves an important role in the 

protection of the rights and welfare of human research subjects. The purpose of IRB review is to 

assure, both in advance and by periodic review, that appropriate steps are taken to protect the rights 

and welfare of humans participating as subjects in the research. To accomplish this purpose, IRBs 

use a group process to review research protocols to ensure protection of the rights and welfare of 

human subjects of research. An IRB must have at least five members and each member must have 

enough experience, expertise and diversity to make an informed decision on whether the research 

is ethical, informed consent if sufficient and the appropriate safeguards have been put in place (see 

21 CFR Part 56). 

10. In Europe, an Ethics Committee is an independent body in a Member State 

consisting of healthcare professionals and non-medical members whose responsibility is to protect 

the rights, safety and well being of human subjects involved in a clinical trial and to provide public 

assurance of that protection by expressing an opinion on a proposed clinical trial protocol, the 

suitability of the investigators and adequacy of facilities involved in a trial (see Directive 

200 l /20/EC). 
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CURRICULUM VITAE 

James s. Baldassarre, MD 

HOME ADDRESS: 145 Pebble Woods Dr 
Doylestown, Pa 

PHONE: 21 5·348-2835 

PERSONAL: 

BUSINESS 
ADDRESS: 

EDUCATION: 

EMPLOYMENT: 
2007· present 

2009-present 
2008-2010 

2003· 2007 

2003 

2001-2003 

1999-2001 

1997-1999 

1993- 1997 

1992. 1993 

1986·1993 

18901 

Married (Susan Cohen-Baldassarrc) 
Children Alyssa (18),1ulia (16) and Andrew (10) 
Citizenship: USA 

Ikaria!INO Therapeutics 
6 Route 1173 
Clinton, NJ 08809 

S.U.N.Y. Downstate Medical Center 
Brooklyn, NY 
1986- M.D. 

S.U.N.Y., Binghamton, NY 
1982 ·Biology, B.S. 

lkarla (INO Therapeutics) 
VP, Clinical Research 

Project Team Leader: IK 5001 
Project Team Leader: INOmax® 

INO Therapeutics 
Senior Director, Clinical Research 

PHONE: 908-238-Q363 

Johnson & Johnson Pharmaceutical Research and Development LLC 
Compound Development Team Leader/Clinical Leader-REGRANEX® 

Johnson & Johnson Pharmaceutical Research and Development LLC 
Senior Director, Operations Team Management 

Janssen Research Foundation 
Director of Clinical Research Italy/Greece 

Jansscn.CIIag Limited, UK 
Head of Clinical Research and Senior Medical Advisor 

R. W. Johnson Pharmaceutical Research Institute 
Spring House, PA 
1995·1997 Associate Director, Clinical Research 
1993-1995 Assistant Director, Clinical Research 

Presbyterian Medical Center 
Philadelphia, PA 
Attending Physician, Division of Infectious Diseases 

1\fedicnl College of Pennsylvania 
Philadelphia, PA 
1990-1993 Fellow, Division oflnfcctious Diseases 
I 989-1990 Medical Director (half time) 
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l986·1989lnternship1Residency Internal Medicine 

1989. 1990 Philadelphia Department of Health 
Philadelphia, PA 
Mcdlcul Director, Sexually Transmitted Diseases Clinic (halftime) 

ACADEMIC APPOINTMENT: 

John Radcliffe Hospital, Oxford, UK 

1999-2000 Honorl!f)' SHO, Dept of Clinical Pharmacology 

Medical College or Pennsylvania, Philadelphia, USA 

1994- Clinical Assistant Professor, Department of Medicine 

1991- 1993 

CERTIFICATION: 

Instructor in Medicine 

Diplomat, A.B.I.M. 
Internal Medicine, 1989 
Infectious Diseases, 1992 
Limited GMC registration, 1999 

EMPLOYMENT ·RELATED ACTIVITIES/COMMITTEES: 

RWJ·PRJ Continuous Process Improvement Committee 
Johnson & Johnson Signature of Quality submission 
J1 PRD New Product Development Commi«ee Implementation Team 
I karla Opportunity Review Team 

PUBLICATIONS: 

1995-1996 
1997 and 1999 
2002-2003 
2007-prcsent 

I. Levison ME and Baldassarre J S: lntra·Abdomlnallnfectlons. Currem Prac/lce of Medicine 1993. 

2. Baldassarre J Sand Abrutyrt E: Antibiotic-Resistant Streptococcus pneumonine. Infectious Disease 
Practice 1993; 17 (9). 

3. Baldassarre IS 1111d Abrutyn E: Genital Ulcer Disease. Infectious Disease Practice 1992; 16 (9); 
1-7. 

4. Levison ME and Baldussarre I S: Community Acquired Pneumonia: Time to Reassess Treatment 
Strategies. Modern Med 1992; 60:12 86·91. 

5. Levison ME 1111d Baldassarre J S: Community Acquired Pneumonia: Keys to Milking the 
Diagnosis. Modern Medl992; 60: II 42-SB. 

6. Baldassarre J S, lngcnnan M J, Nansteel J, and Santoro J: Development of Listeria Meningitis 
during Vancomycin Therapy: A Cuse Report J Infect Dis 1991; 164: 221·222. 

7. Baldussarre J S, Update on the Management of Sexually Transmitted Diseases. Phi/a Med 1991; 
S1·5 230·233. 

8. Baldassarre J S and Kaye D: Special Problems In Urinary Tract Infection in the Elderly. Med Clin 
North Am 1991; 75:2 375·390. 

9. Baldassarre J S, Johnson CC and Levison M B: Peritonitis: Update on Pathophysiology, Clinical 
Manifcstntions and M1111agcment. Clinical Infectious DlseaJes 1997; 24(6); 1035-47. 
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I 0. Baldassarre JS and Levison ME: Intra-abdominal Infections Current Practice a/Medicine 1999, 
vol2 (4)591-605 

II. Baldassarre JS and Pledger GW Clinical Trial Design for New Antiepileptic Drugs: Determination 
of Dose and Titration Schedules Rev Contemp Pharmacother 1999: I 0 

12. E. Potllpov, D. Meyer, M. Swamlnatl1an, M. Ramsay, A. El Banayosy, C. Diehl et al. Use of 
Inhaled Nitric Oxide After Left Ventriculo.r Assist Device Placement: Results of a Prospective, 
Randomized, Double-Blind, Mulliccnter. Placebo-Controlled Trial J Heart Lung Tr(111sp/am20l0 
accepted 

13. Mercier JC, Hummler H, Du1m1cyer X, Sanchez-Luna M, Cnmlelll V, Field D, Greenough A. Van 
Ovcrmeire B, Jonsson B, Hallman M, Baldassarre J; EUNO Study Group. Inhaled nitric oxide for 
prevention of bronchopulmonary dysplasia in premature babies (EUNO): a randomised controlled 
trial. Lancet. 2010 Jul31 ;376(9738):346-54. · 

14. Bars! RJ. Agnolelti G. Fmisse A, Baldassarre 1. Wessel DL; NO Diagnostic Study Group. 
Vasodilator testing with nitric oxide and/or oxygen in pediatric pulmonary hypertension Pedlatr 
Cardia/, 20 I 0 Jui;JI (5):598-606, 

Book Chapters 

Baldassarre J S and Kaye D: Principles and Overview of Antibiotic Use in Infective 
Endocarditis. In: Kaye D (ed) lnfeclfve Endocarditis 2nd cd. New York: Raven Press, 1992; 
169-190. 

Abstrncl5 

I. Baldassarre J Sand Stull T L: Cytosol-Mediated Uicerogenesis in Haemophilus ducre);. 1993 
Annual Meeting of the Infectious Diseases Society of America, Abst 1119, Oct. 16 and 17, 1993. 

2. Sutherland J and Baldassarre JS :Mediastinal Adcmopathy In a Patient with AIDS. American 
College of Physicians Regional ScienUiic Meetings, October 2, 1992. 

3. Baldassarre J S nnd Stull T L: Chamctcrizalion of Aminopeptidase (AP) Activity in Haemophllus 
~. American College of Physicians Regional Scientific Meetings, October 3, 1992. 

4. Fonlinella E. Dorfman M, Baldassarre], Kaye D and Murasko D: Immune Response to lnnucnza 
Immunization in an Elderly Community DwclltngAfrlca American Population. FASEB J 1991 S: 
A 1373 Abst 5814. 

S. Doose DR, Walker SA, Baldassarre J. The effect of food on t11c oral bioavailability oftopiramatc 
from an investigational paediatric sprinkle formulation. Epilcpsia 1997; 38(suppl3):147. 

6. Glauser T A, Olberding L, Clark P, Reifc: R, Baldassarre J, Conover D. Topiramate monotherapy 
substitution in children with partial epilepsy. Epllcpsln 1996; 37(suppi 4):98. 

7. JC Mercier, H. Hummlcr, X Durrmcyer, M. Snnchcz·Luna, V Curnielli, D Field, A. Greenough, 8. 
Van Ovcrmeire, B Jonsson, M Hallman, J Baldassarre, for the EUNO Study Group. The effects of 
inhaled nitric oxide on the development of bronchopulmonary dysplasia (BPD) in pretertn Infants: 
the 'EUNO' multlccntre rnndomlscd clinlcul trial. European Academy of Pediatrics; Nice, France 
October 2008 

8. RJ Borst. G Agnolettl, A Fralssc, J Baldassarre, DL Wessel. Nitric Oxide in Combination wltl1 
Oxygen Versus Either Oxygen Alone or Nitric Oxide Alone for Acute Vasodilator Testing in 
Children with Pulmonary Hypertension: A Multicenter, Randomized Study. Pediatric Academic 
Societies Scientific Meeting, Baltimore Md; May 2009 [3861.195] 

9. EV Potllpov; D Meyer, M Swaminathan; M Ramsay; A El Banayosy; C Diehl; B Veynovich; 1D 
Grego ric; J Baldassarre; M J Zucker; R Helzer Use of Inhaled Nitric Oxide After Left Ventricular 
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Assist Device Placement: Results of u. Prospccllve, Randomized, Double-Blind, Multicenter, 
Plnccbo-Controllcd Trial, Americnn Heart Associ nil on Scientific Sessions Orlando, Fl: Nov 2009 
(3663} 
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M.aH $top Amendment 
Cornmlssloner for Patents 
p .0. BO)< 1450 
Alexandria, VA 223:13¥1450 

DECLARATION Or JAMES§. BALDA8.8ARRE, M.Ci. 
UNDER.37 C.F:R § 1.132· 

1, James.S .. Baldas$arre,. declare the following:. 

Exhibit 9 

1. 1 currently holt;! the positlo:n of Vice. President of Clirlcat Re.~earcn at 

.lk~;rna; lnc. (';lkaria")., fhe asslgnee of U,S. Patent.AppHcatlon No. 12/820;866. My 

cwrrcutvm vitae fs attached as Exhibft t 

2.. 1 have aver 2o·year:s of exp.!3rl$nce ss ~;q:ihysician, and over flfteen wars 
of experience directing c.linroal research in the-pharmaceutical Industry. 

3. lkaria markets pharmaceutioal grade nitric oxide (NO) gas under the brcmd 

name INOMAX® (nitric oxide) for Inhalation. IN.OMAX® was approved by the U.S. Food 

and Drug Administration eFDA") In December 19991 for the treatment ofterrn and near~ 

.term (>34 wee~s) neonates with hypmdc:resplratory failure (HRF) associated with 

.ctliiicar otechOcardiographlc evidence ofpulmoriary hyp.E}rterrslon, where· it lrnprov:es 

oxygenation and roducQ.s the f'l€1$d for extrac.orporeal m-embrQ.ne- oxygehq:tron (E¢M6 ).. 
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Applicant : Baldassarre, James S. 
Serial No. : 121820,866 
Filed : June 22,2010 

' Page : 2 of7 

Attorney's Docket No.: 1001-0002USC1 

4, In May 2004, INO Therapeutics LLC1 inltlated a clinical trial, entitled 

"Comparison of Supplemental Oxygen and Nitric Oxide for Inhalation Plus Oxygen in 

the Evaluation of the Reactivity of the Pulmonary Vasculature During Acute Pulmonary 

Vasodilator Testing", and designated the INOT22 trial, to compare the utility and side 

effects of oxygen (02), nitric oxide (INO) and a combination of iNO and 02 for 

determining pulmonary reactivity. 

5. The INOT22 study was to be an open, prospective, randomized, multi-

center, controlled diagnostic trial, with an expected total enrollment of a minimum of 150 

patients, in approximately 18 study sites over approximately 2 years. 

6. The expected patient population for enrollment into the INOT22 trial were 

subjects between the ages of four (4) weeks and eighteen (18) years undergoing 

diagnostic right heart catheterization scheduled to include acute pulmonary vasodilation 

testing to assess pulmonary vasoreactivity. The expected population were subjects with 

Idiopathic pulmonary arterial hypertension, congenital heart disease (with or without 

intravascular shunt) with pulmonary hypertension and cardiomyopathies. 

7. The JNOT22 study was established and designed by the study sponsor, 

INO Therapeutics LLC {INO), and a Steering' Committee comprising internationally 

recognized experts in the field of pediatric heart and lung disease, whose members 

would assist INO to develop the INOT22 protocol, monitor the progress of the trial, and 

provide recommendations to INO on changes In the procedures and conduct of the trial. 

8. The Steering Committee consisted of: 

a. David L. Wessel, MD, presently Division Chief, Pediatric Critical 

Care Medicine at Children's National Medical Center, Washington, 

DC (co-author of Atz., et al., Seminars in Perinatoiogy);2 

1 INO Therapeutics LLC Is a wholly owned subsidiary of !karla, Inc., and holder of the NDA for INOMAX. 
2 Cited In pending Office Actlon. 
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Serial No. : 12/820,866 

Attorney's Docket No.: ID01-0002USC1 

Filed . ; June 22, 2010 
Page : 3 of7 

b. Robyn J. Barst, MD, presently Professor Emeritus of Pediatrics and 

Medicine, Columbia University College of Physicians and 

Surgeons, New York; and 

c. Duncan J. Macrae, MD, presently Director, Pediatric Intensive 

Care, Royal Brompton Hospital, London, U.K. {lead author of 

Macrae, et al., Intensive Care Medicine, 2004)3 

9. The orlglnaiiNOT22 protocol designed by INO and the Steering 

Committee contained the following inclusion and exclusion criteria: 

Inclusion Criteria 

The patient must meet the following criteria: 

1. Have any one of the three disease categories: 

a. Idiopathic Pulmonary Arterial Hypertension 

i. PAPm >25mmHg at rest, PCWP :S 15mmHg, and PVRI >3 U: m 
or diagnosed clinically with no previous catheterization. 

b. CHD with pulmonary hypertension repaired and unrepaired, 

2 
i. PAPm >25mmHg at rest, and PVRI >3 u· m or dlagnosed 

clinically with no previous catheterization 

c. Cardiomyopathy 

2 
i. PAPm >25mmHg at rest, and PVRI >3 u•m or diagnosed 

clinically with no previous catheterization. 

2. Scheduled to undergo right heart catheterization to assess pulmonary 
vasoreactlvity by acute pulmonary vasodilation testing. 

3. Males or females, ages 4 weeks to 18 years, Inclusive. 

~ Cited In pending Office Action. 

2 
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4. Signed IRB/JEC approved Informed consent (and assent If applicable). 

Exclusion Criteria 

The patient will be excluded from enrollment if any of the following are true: 

1. Focal pulmonary inflltrates on chest radiograph. 

2. Diagnosed with severe obstructive or restrictive pulmonary disease that is 
significantly contributing to the patient's pulmonary hypertension. 

3. Received treatment with nitric oxide for inhalation within 30 days prior to study 
Initiation, are on other investigational medications, nitroglycerin, sodium 
nitroprusside, sl/denafil, other PDE-5 inhibitors, or prostacyclln. 

4. Pregnant (urine HCG +). 

10. The INOT22 investigational plan and study protocol was further reviewed, 

and approved by the Institutional Review Board (IRB) and/or Independent Ethics 

Committee (IE C) at each of the participating study Institutions, including review by the 

principal investigator within each study Institution. 

11. At no time did any member of the Steering Committee, nor any member of 

an JRB, IEC, or individual principal investigator, appreciate, recognize or otherwise 

suggest that the exclusion criteria be amended to exclude study subjects with pre

existing left ventricular dysfunction (LVD), due to an anticipated or predicted risk of 

adverse events or serious adverse events arising from the use of INO In patients with 

pre-existing LVD, and/or elevated pulmonary capillary wedge pressure. Nor was It, In 

my expert opinion, common sense to any expert In this field of medicine to exclude 

neonates, near-term neonates or children diagnosed with pre-existing LVD to be 

excluded from having iNO administered for diagnostic or treatment purposes. 

12. After Initiation and enrollment of the first 24 subjects in INOT22, there 

were 5 serious adverse events (SAEs)- a rate much higher than expected by INO and 
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the Steering Committee based on prior clinical experience. These were all 

cardiovascular events, and included pulmonary edema, cardiac arrest and hypotension 

(low blood pressure). 

13. Thereafter, in February 2005, INO and the Steering Committee convened 

to review the unexpected SAEs described above, and upon review and discussion, 

expressed concern that the unexpected SAEs may be due to the administration of INO 

In subjects having pre.:exlstlng LVD . Accordingly, based upon a review of the cases, 

the exclusion criteria of the INOT22 protocol was amended to thereafter exclude 

subjects with pre-existing LVD. For the purpose of the study, the exclusion criteria was 

amended to exclude subjects from enrollment if the subjects demonstrated an elevated 

pulmonary capillary wedge pressure (PCWP), defined within the study as subjects 

having a PCWP greater than 20 mmHg. All study sites were notified Immediately. The 

amended exclusion criteria (see point 5.) was as follows: 

Exclusion Criteria 

The patient will be excluded from enrollment If any of the following are true: 

1. Focal pulmonary infiltrates on chest radiograph. 

2. Diagnosed with severe obstructive or restrictive pulmonary disease that is 
significantly contributing to the patient's pulmonary hypertension. 

3. Received treatment with nitric oxide for Inhalation within 30 days prior to study 
initiation, are on other investigational medications, nitroglycerin, sodium 
nitroprusside, sl/denafil, other PDE-5 inhibitors, or prostacycl/n. 

4. Pregnant (ur;i1e HCG +) 

5. Baseline PCWP > 20 mmHg 

14. Upon conclusion of the INOT22 study and completion of the final study 

report, INO noted that subsequent to excluding patients with pre-existing LVD, the rate 

of serious adverse events (Including serious adverse events associated with heart 

failure) was significantly reduced. There were 5 SAEs amongst the first 24 subjects 
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prior to the additional exclusion criteria, but only 2 SAEs amongst the last 80 subjects in 

the study after the additional exclusion. Furthermore, there were 2 SAEs amongst the 4 

subjects with evidence of pre-existing left ventricular dysfunction, but only 5 SAEs 

amongst the 120 subjects without evidence of left ventricular dysfunction. 

15. Based upon this unexpected finding, on February, 25, 2009, INO 

submitted a labeling supplement to the FDA seeking to amend the prescribing 

information for INOMAX to include a warning statement for physicians such that the use 

of iNO in patients with pre-existing LVD could cause serious adverse events, such as 

pulmonary edema. 

16. On August 28, 2009, the FDA approved the INO labeling supplement and 

included (i) a statement in the Warnings and Precautions section of the INOMAX 

prescribing information that states "Heart Failure: In patients with pre-existing left 

ventricular dysfunction, inhaled nitric oxide may Increase pulmonary capillary wedge 

pressure leading to pulmonary edema", and (II) new section 5.4 of the INOMAX 

prescribing Information that states "Patients who had pre~existing left ventricular 

dysfunction treated with inhaled nitric oxide, even for short durations, experienced 

serious adverse events (e.g., pulmonary edema)." 

17. Based upon my review of the medical literature of record in this patent 

application and pending Office Action, none of the prior art suggests, appreciates or 

otherwise recognizes that exclusion of neonates, near~term neonates or children with 

LV dysfunction from administration of iNO for diagnostic or treatment purposes would 

reduce the risk of adverse events and/or serious adverse events, as such terminology is 

well understood in the medical arts. 
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INOmax® (nitric oxide) for inhalation 

HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include all the information needed to use 
INOmax safely and effectively. See full prescribing information for 
INOmax. 

INOmax (nitric oxide) for inhalation • 
Initial u.s. Approval: 1999 

-----:RECENT MAJOR CHANGES-----
Warnings and Precautions, Heart Failure (5.4) 8/2009 

-----INDICATIONS AND USAGE-----
INOmax is a vasodilator, which, In conJunction with ventilatory support 
and other appropriate agents, Is Indicated for the treatment of term and 
near-term (>34 weeks gestation) neonates with hypoxic respiratory 
failure associated with clinical or echocardlographlc evidence of 
pulmonary hypertension, where It Improves oxygenation and reduces 
the need for exiracorporeal membrane oxygenation (1.1). 
Monitor for Pa02, methemoglobin, and inspired N02 during INOmax 
administration (1.1). 
Utilize additional tlmaples to mai<lmlze oxygen delivery (1.1). 

-----DOSAGE AND ADMINISTRATIONI----
Dosage: The recommended dose of INOmax is 20 ppm, maintained for 
up to 14 days or until the underlying oxygen desaturaUon has resolved 
(2.1). 
Administration: 

• INOmax must be delivered via a system which does not cause 
generation of excessive inhaled nitrogen dioxide (2.2), 

• Do not discontinue INOmax abruptly (2.2). 

FULL PRESCRIBING INFORMATION: CONTENTS* 
1. INDICATIONS AND USAGE 

1.1 Treatment of Hypoxic Respiratory Failure 
2. DOSAGE AND ADMINISTRATION 

2.1 Dosage 
2.2 Administration 

3. DOSAGE FORMS AND STRENGTHS 
4. CONTRAINDJCATIONS 
5. WARNINGS AND PRECAUTIONS 

5.1 Rebound 
5.2 Methemoglobinemia 
5.3 Elevated N02 Levels 
5.4 Heart Failure 

6. ADVERSE REACTIONS 
6.1 Clinical Trials Experience 
6.2 Post-Marketing Experience 

7. DRUG INTERACTIONS 
6. USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 
8.2 Labor and Delivery 
8.3 Nurnlng Mathern 
8.4 Pediatric Use 
8.5 Geriatric Use 

Exhibit 10 

----DOSAGE FDRMS Aim STRENGTHS---
INOmax (nitric oxide) is a gas available in 100 ppm and 800 ppm 
concentrations. 

------ICONTRAINDICATIONS-----
Neonates known to be dependent on right-to-left shunting of blood (4). 

-----WARNINGS AND PRECAUTIONS----
Rebound: Abrupt discontinuation of INOmax may lead to worsening 
oxygenation and Increasing pulmonary artery pressure (5.1). 
Methemoglobinemia: Methemoglobin Increases with the dose of 
nitric oxide; following discontinuation or reduction of nitric oxide, 
methemoglobin levels return to baseline over a period of hours (5.2). 
Elevated N02 Levels: N02 1evels should be monitored (5.3). 

Heart Failure: In patients w~h pre-existing left ventricular dysfunction, 
inhaled nitric oxide may Increase pulmonary capillary wedge pressure 
leading to pulmonary edema (5.4). 

------.ADVERSE REACTIONS---+---
Methemogloblnemla and elevated N02 levels are dose dependent 
adverse events. Worsening oxygenation and increasing pulmonary 
artery pressure occur if I NO max Is discontinued abruptly. Other adverse 
reactions that occurred In more than 5% of patients receiving INOmax In 
the CINRGI study were: thrombocytopenia, hypokalemia, bilirubinemia, 
atelectasis, and hypotension (6). 
To report SUSPECTED ADVERSE REACTIONS, contact INO 
Therapeutics at 1·877·566-9466 and htlp:Uwww.lnomax,com/ or 
FDA at 1-800-FDA-1088 or www.tda.goy/medwatch. 

------DRUG INTERACTIONS-----
Nitric oxide donor agents: Nitrla oxide donor compounds, such as 
prilocalne, sodium nitroprusside, and nitroglycerin, when administered 
as oral, parenteral, or topical formulations, may have an additive effect 
with INOmax on the risk of developing methemoglobinemia. (7). 

10. OVERDOSAGE 
11. DESCRIPTION 
12. CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 
12.2 Pharmacodynamics 
12.3 Pharmacokinetics 

Revise~: August 2009 

12.4 · Pharmacokinetics: Uptake and Distribution 
12.5 Pharmacokinetics: Metabolism 
12.6 Pharmacokinetics: Elimination 

13. NONCLINICAL TOXICOLOGY 
13.1 Carcinogent~Sis, Mutagenesis, Impairment of Fertility 

14. CLINICAL STUDIES 
14.1 Treatment of Hypoxic Respiratory Failure (HRF) 
14.2 Ineffective In Adult Respiratory Distress Syndrome (ARDS) 

16. HOW SUPPLIED/STORAGE AND HANDLING 

*Sections or subsections omitted from the full prescribing Information 
are not listed. 
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FULL PRESCRIBING INFORMATION 

1 INDICATIONS AND USAGE 
1.1 Treatment of Hypoxic Respiratory Failure 
INOmax'" Is a vasodilator, which, in conjunction with ventilatory support 
and olher approprtate agents, Is Indicated for the treatment of term 
and near-term (>34 weeks) neonates with hypoxic respiratory failure 
associated with clinical or echocardlographic evidence of pulmonary 
hypertension, where It Improves oxygenation and reduces the need for 
extracorporeaJ membrane oxygenation. 
Utilize additional therapies to maximize oxygen delivery. In patients with 
collapsed alveoli, additional therapies might Include surfactant and high
frequency oscillatory ventilation. 
The safety and effectiveness of Inhaled nitric oxide have been established 
!n a population receiving other therapies for hypoxic respiratory failure, 
including vasodilators, Intravenous fluids, bicarbonate therapy, and 
mechanical ventilation. Different dose regimens for nitric oxide were 
used In the clinical stuaJes [see Clinical Studies (14)]. 
Monitor for Pa02, methemoglobin, and Inspired N02 during INOmax 
administration. 
2 DOSAGE AND ADMINISTRATION 
2.1 Dosage 

· Term and near-term neonates with hypoxic respiratory failure 
The recommended dose of INOmax Is 20 ppm. Treatment should be 
maintained up to 14 days or uniJI the underlying oxygen desaturallon has 
resolved and the neonate Is ready to be weaned from INOmax therapy. · 
An Initial dose of 20 ppm was used In the NINOS and CJNRGI trials. In 
CINRGI, patients whose oxygenation Improved with 20 ppm were dose
reduced to 5 ppm as tolerated at the end of 4 hours of treatment. In the 
NINOS trial, patients whose oxygenation failed to Improve on 20 ppm 
could be Increased to 80 ppm, but those patients did not then Improve 
on the higher dose. As the risk of methemoglobinemia and elevated N02 
levels Increases significantly when JNOmax Is administered at doses 
>20 ppm, doses above this level ordinarily should not be used. 
2.2 Administration 
Tile nitric oxide delivery systems used In the clinical trials provided 
operator-determined concentrations of nitric oxide In the breathing gas, 
and the concentration was constant throughout the respiratory cycle. 
INOmax must be delivered through a system with these characteristics 
and which does not cause generation of excessive Inhaled nitrogen 
dioxide. The INOvent'" system and other systems meeting these criteria 
were used In the clinical trials. In the ventilated neonate, precise 
monitoring of Inspired nitric oxide and N02 should be Instituted, using 
a properly calibrated analysis device with alarms. The system should be 
calibrated using a precisely defined calibration mixture of nitric oxide 
and nitrogen dioxide, such as INOcal"'. Sample gas for analysis should· 
be drawn before the Y-plece, proximal to the patient. Oxygen levels 
should also be measured. 
In the event of a system failure or a wall-outlet power failure, a backup 
battery power supply and reserve nitric oxide delivery system should 
be available. 
Do not discontinue INOmax abruptly, as it may result in an Increase In 
pulmonary artery pressure (PAP) and/or worsening of blood oxygenation 
(Pa02). Deterioration In oxygenation and elevation In PAP may also occur 
In children with no apparent response to INOmax. Discontinue/wean 
cautiously. 
3 DOSAGE FORMS AND STRENGTHS 
Nitric oxide Is a gas available In 1 oo ppm and 800 ppm concentrations. 
4 CONTRAINDICATIONS . 
INOmax Is contraindicated In the treatment of neonates known to be 
dependent on right-to-left shunting of blood. 
5 WARNINGS AND PRECAUTIONS 
5.1 Rebound 
Abrupt discontinuation of INOmax may lead to worsening oxygenation. 
and Increasing pulmonary artery pressure. 
5.2 Methemoglobinemia 
Methemoglobinemia Increases with the dose of nitric oxide. In 
clinical trials, maximum methemoglobin levels usually were reached 

approximately 8 hours after initiation of inhalation, although 
methemoglobin levels have peaked as late as 40 hours following 
Initiation of INOmax therapy, In one study, 13 of 37 (35%) of neonates 
treated with INOmax 80 ppm had methemoglobin levels exceeding 7%. 
Following discontinuation or reduction of nitric oxide, the methemoglobin 
levels returned to baseline over a period of hours. 
5.3 Elevated N02 Levels 
In one study, N02 levels were <0.5 ppm when neonates were treated 
with placebo, 5 ppm, and 20 ppm nitric oxide over the first 48 hours. The 
80 ppm group had a mean peak N02 level of 2.6 ppm. 
5.4 Heart Failure 
Patients who had pre-existing left ventricular dysfunction treated with 
inhaled nitric oxide, even for short durations, experienced serious 
adverse events (e.g., pulmonary edema). 
6 ADVERSE REACTIONS 
Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed In the clinical trials of a drug cannot 
be directly compared to rates In the clinical trials of another drug and 
may not reflect the rates observed in practice. The adverse reaction 
Information from the clinical studies does, however, provide a basis for 
ldentlfylng the adverse events that appear to be related to drug use and 
for approximating rates. 
6.1 Clinical Trials Experience 
Controlled studies have Included 325 patients on INOmax doses of 5 to 
80 ppm and 251 patients on placebo. Total mortality In the pooled trials 
was 11% on placebo and 9% on JNOmax, a result adequate to exclude 
INOmax mortality being more than 40% worse than placebo. 
In both the NINOS and CJNRGI studies, the duration of hospitalization was 
similar In INOmax and placebo-treated groups. 
From all controlled studies, at least 6 months of follow-up Is available 
for 278 patients who received INOmax and 212 pallents who received 
placebo. Among these pallents, there was 'no evidence of an adverse 
effect of trealinent on the need for rehospJtallzailon, special medical 
services, pulmonary disease, or neurological sequelae. 
In the NINOS study, treatment groups were similar with respect to the 
Incidence and severity of Intracranial hemorrhage, Grade IV hemorrhage, 
porlventrlcular leukomalacla, cerebral Infarction, seizures requiring 
antJconvulsant therapy, pulmonary hemorrhage, or gastrointestinal 
hemorrhage. 
The table below shows adverse reactions that occurred In at least 5% 
of patients receiving INOmax in the CINRGI study with event rates >5% 
and greater than placebo event rates. None of the differences In these 
adverse reactions were statistically significant when Inhaled nitric oxide 
patients were compared to patients receiving placebo. 

Table 1: 
Adverse Reactions In the CINRGI Study 

Adverse Event Placebo (n=89) Inhaled NO (n=97) 
Hypotension 9f10%) 13 {13%) 

Withdrawal 9f10%) 12(12%) 
Atelectasis 8 (9%) 9 (9%) 

Hematuria 5 (6%) 8 (8%) 
Hyperglycemia 617%) 8 (8%) 
Sepsis 2 (2%) 717%) 
Infection ft3%) 6 (6%) 
Stridor 3(3%) 5(5%) 
Cellulitis OfO%) 5 (5%) 

6.2 Post-Marketing Experience 
The following adverse reactions have been ldenftfled during post
approval use of INOmax. Because these reactions are reported voluntarily 
from a population of uncertain size, It Is not always possible to estimate 
t11elr frequency reliably or to establish a causal relationship to drug 
exposure. The listing is alphabetical: dose errors associated with the 
delivery system; headaches associated with environmental exposure of 
INOmax in hospital staff; hypotension associated with acute withdrawal 
of the drug; hypoxemia associated 'l{llh acute withdrawal of the drug; 
pulmonary edema In patients with CREST syndrome. 
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7 DRUGJNTERACTIONS 
No formal drug-Interaction studies have been performed, and a 
clinically significant Interaction with other medications used In the 
treatment of hypoxic respiratory failure cannot be excluded based 
on the available data. INOmax has been administered with tolazollne, 
dopamine, dobutamlne, steroids, surfactant, and high-frequency 
ventilation. Although there are no study data to evaluate the possibility, 
nitric oxide donor compounds, including sodium nitroprusside and 
nitroglycerin, may have an additive effect with INOmax on the risk of 
developing methemoglobinemia. An association between prilocaine 
and an Increased risk of methemoglobinemia, particularly In Infants, . 
has specifically been described In a literature case report. This risk 
Is present whether the drugs are administered as oral, paronteral, or 
topical fonmulatlons. 
8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Pregnancy Category C 
Animal reproduction studies have not been conducted with INOmax. 
It is not known If INOmax can cause fetal harm when administered to 
a pregnant woman or can affect reproductive capacity. INOmax Is not 
Intended for adults. · 
8.2 Labor and Delivery 
The effect of INOmax on labor and delivery In humans Is unknown. 
8.3 Nursing Mothers 
Nitric oxide is not Indicated for use In the adult population, Including 
nursing mothers. ll.ls not known whether nitric oxide is excreted In 
human milk. 
8.4 Pediatric Use 
Nitric oxide for Inhalation has been studied In a neonatal population (up 
to 14 days of age). No infonmatlon about Its effectiveness In other age 
'populations Is available. 
8.5 Geriatric Use 
Nitric oxide Is not Indicated for use In the adult population. 
10 OVERDOSAGE 
overdosage with INOmax will be manifest by elevations In methemoglobin 
and pulmonary toxicities associated with Inspired N02• Elevated N02 
may cause acute lung )njury, Elevations In methemoglobinemia reduce 
the oxygen delivery capacity of the circulation. In clinical studies, N02 
levels >3 ppm or methemoglobin levels > 7% were treated by reducing 
the dose of, or discontinuing, INOmax. · 
Methemoglobinemia that does not resolve after reduction or 
discontinuation of therapy can be treated with intravenous vitamin 
C, Intravenous methylene blue, or blood transfusion, based upon the 
clinical situation. 
11 DESCRIPTION 
INOmax (nitric oxide gas) Is a drug administered by inhalation. Nitric 
oxide, the active substance In INOmax, Is a pulmonary vasodilator. 
INOmax Is a gaseous blend of nitric oxide and nitrogen (0.08% and 
99.92%, respectively for 800 ppm; 0.01% and 99.99%, respectively for 
100 ppm). INOmax is supplied in aluminum cylinders as a compressed 
gas under high pressure (2000 pounds per square inch gauge [pslg]), 
The structural formula of nitric oxide (NO) Is shown below: . . . . 

•N==O: 
12 CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 
Nitric oxide Is a compound produced by many cells of the body. It 
relaxes vascular smooth muscle by binding to the heme moiety of 
cytosolic guanylate cyclase, activating guanylate cyclase and Increasing 
Intracellular levels of cyclic. guanosine 3',5'-monophosphate, which 
then leads to vasodilation. When Inhaled, nitric oxide selectively dilates 
the pulmonary vasculature, and because of efficient scavenging by 
hemoglobin, has minimal effect on the systemic vasculature. 
INOmax appears to increase the partial pressure of arterial oxygen 
(PaO:>J by dilating pulmonary vessels In better ventilated areas of the 
lung, redistributing pulmonarY blood flow away from lung regions with 
low ventilation/perfusion fY/0) ratios toward regions with normal ratios. 

12.2 Pharmacodynamics 
Effects on Pulmonary Vascular Tone In PPHN 
Persistent pulmonary hypertension of the newborn (PPHN) occurs as 
a primary developmental defect or as a condition secondary to other 
diseases such as meconium aspiration syndrome (MAS), pneumonia, 
sepsis, hyaline membrane disease, congenital diaphragmatic hernia 
(CDH), and pulmonary hypoplasia. In these states, pulmonary vascular 
resistance (PVR) Is high, which results in hypoxemia secondary to 
rlght-io-left shunting of blood through the patent ductus arteriosus and 
foramen ovals. In neonates with PPHN, INOmax Improves oxygenation 
(as Indicated by significant Increases In PaO:>). 
12.3 Pharmacokinetics 
The phanmacoklnetics of n'ltric oxide has been studied in adults. 
12.4 Pharmacokinetics: Uptake and Distribution 
Nitric oxide Is absorbed systemically after Inhalation. Most of it traverses 
the pulmonary capillary bed where It combines with hemoglobin that 
is 60% to 100% oxygen-saturated. At this level of oxygen saturation, 
nitric oxide combines predominantly with oxyhemoglobin to produce 
methemoglobin and nitrate. At low oxygen saturation, nitric oxide can 
combine with deoxyhemoglobln to transiently form nitrosylhemoglobln, 
which Is converted to nitrogen oxides and methemoglobin upon exposure 
to oxygen. Within tile pulmonary system, nitric oxide can combine with 
oxygen and water to produce nitrogen dioxide and nitrite, respectively, 
which Interact with oxyhemoglobin to produce methemoglobin and 
nitrate, Thus, the end products of nitric oxide that enter the systemic 
circulation are predominantly methemoglobin and nitrate. 
12.5 Pharmacoklnetlas: Metabolism 
Methemoglobin disposition has been Investigated as a function of time 
and nitric oxide exposure concentration In neonates with respiratory 
failure. The methemoglobin (MeiHb) concentration-time profiles during 
the first 12 hours of exposure to o, 5, 20, and 80 ppm IN Om ax are shown 
In Figure 1, 

Figure 1: 
Methemoglobin Concentration -Time Profiles 
Neonates Inhaling 0, 5, 20 or 80 ppm INOmax 
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Methemoglobin concentrations Increased during the first 8 hours 
of nitric oxide exposure. The mean methemoglobin level remalneH 
below 1% In the placebo group and In the 5 ppm and 20 ppm IN Om ax 
groups, but reached approximately 5% In the 80 ppm INOmax group. 
Methemoglobin levels >7% were attained only In patients receiving 
80 ppm, where they comprised 35% of the group. The average time to 
reach peak methemoglobin was 1 o .:t 9 (SD) hours (median, 8 hours) 
In these 13 patients, but one patient did not exceed 7% untll40 hours. 
12.6 Pharmacokinetics: Elimination 
Nitrate has been Identified as the predominant nitric oxide metabolite 
excreted In the urine, accounting for > 70% of the nitric oxide dose 
Inhaled. Nitrate Is cleared from the plasma by the kidney at rates 
approaching the rate of glomerular flllration. 
13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mulagenesls, Impairment of Fertility 
No evidence of a carcinogenic effect was apparent, at inhalation 
exposures up to the recommended dose (20 ppm), In rats for 20 hr/day 
for up to 1wo years. Higher exposures have not been Investigated. 

Ex. 2007-1190



Nitric oxide has demonstrated genotoxlcity In Salmonella (Ames Test), 
human lymphocytes, and after In vivo exposure In rats. There are no 
animal or human studies to evaluate nitric oxide for affects on fertility. 
14 CliNICAL STUDIES 
14.1 Treatment of Hypoxic Respiratory Failure (HRF) 
The efficacy oi INOmax has been Investigated In term and near-term 
newborns with hypoxic respiratory failure resulting from a variety 
of etiologies. Inhalation of INOmax reduces the oxygenation index 
(01= mean airway pressure In em H20 x fraction of Inspired oxygen 
concentration [ROz]x 100 divided by systemic arterial concentration In 
mln Hg [PaOz]) and Increases Pa02 [see Clinical Pharmacology (12.1)]. 
NINOS Study 
The Neonatal Inhaled Nitric Oxide Study (NINOS) group conducted a 
double-blind, randomized, placebo-controlled, multicenter trial In 235 
neonates with hypoxic respiratory failure. The objective of the study was 
to determine whether Inhaled nitric oxide would reduce the occurrence 
of death and/or Initiation Of extracorporeal membrane oxygenation 
(ECMO) In a prospectively defined cohort of term or near-term neonates 
with hypoxic respiratory failure unresponsiVe to conventional therapy. 
Hypoxic respiratory failure was caused by meconium aspiration 
syndrome (MAS: 49%), pneumonia/sepsis (21%), Idiopathic primary 
pulmonary hypertension of the newborn (PPHN; 17%), or respiratory 
distress syndrome (ADS; 11 o/o). Infants s14 days of age (mean, 1.7 
days) with a mean PaD2 of 46 mm Hg and a mean oxygenation Index 
(01) of 43 em H20 I mm Hg were Initially randomized to receive 100% 02 , 

with (n=114) or without (n=121) 20 ppm nitric oxide for up to 14 days. 
Response to study drug was defined as a change from baseline In Pa02 
30 minutes after starting treatment (full response = >20 mm Hg, partial 
= 10-20 mm Hg, no response = <10 mm Hg). Neonates with a less 
than full response were evaluated for a response to 80 ppm nitric oxide 
or control gas. The primary results from the NINOS study are presented 
In Table 2. 

Table2: 
Summary of Clinical Results from NINOS Study 

Control NO P value 
1n=121l 1n=114l 

Death or ECMO*•t ' 77 (64%) 52 (46%) 0.006 

Death 20(17%) 16 (14%) 0.60 

ECMO 66 (55%) 44 (39%) 0.014 

* Extracorporeal membrane oxygenation 
t DeaU1 or need for ECMO was the study's primary end point 

Although the Incidence of death by 120 days of age was similar In both 
groups (NO, 14%; control, 17%), signlficaotly fewer Infants In the nitric 
oxide group required ECMO compared with controls (39% vs. 55%, p 
,. 0.014). The combined Incidence of death and/or Initiation of ECMO 
showed a significant advantage for the nitric oxide treated group 
(46% vs. 64%, p = 0.006). The nitric oxide group also had significantly 
greater Increases in Pa02 and greater decreases In the 01 and the 
alveolar-arterial oxygen gradient than tlJa control group (p<0.001 for all 
parameters). Significantly more patients had at least a partial response 
to the Initial administration of study drug in the nitric oxide group (66%) 
than the control group (26%, p<0.001). Of the 125 Infants who did not 
respond to 20 ppm nitric oxide or control, similar percentages of NO
treated (18%) and control (20%) patients had at least a partial response 
to 80 ppm nitric oxide for Inhalation or control drug, suggesting a 
lack of additional benefit for the higher dose of nitric oxide. No Infant 
had study drug discontinued for toxicity. Inhaled nitric oxide had no 
detectable effect on mortality. The adverse events collected In the NINOS 
trial occurred at similar Incidence rates In both treatment groups [see 
Adverse Reaclfons (8.1)]. Follow-up exams were performed at 18-24 
months for the Infants enrolled In this trial. In the infants with available 
follow-up, the two treatment groups were similar with respect to their 
mental, motor, audiologic,or neurologic evaluations. 
CINRGI Study 
This study was a double-blind, randomized, placebo-controlled, 
multicenter trial of 186 term and near-term neonates with pulmonary 
hypertension and hypoxic respiratory failure. The primary objective of 
the study was to detemJine whether INOmax would reduce the receipt 

of ECMO In these patients. Hypoxic respiratory failure was caused by 
MAS (35%), Idiopathic PPHN (30%), pneumonia/sepsis (24%), or ADS 
(8%). Patients wHh a mean Pa02 of 54 mm Hg and a mean 01 of 44 em 
H20 I mm Hg were randomly assigned to receive either 20 ppm JNOmax 
(n=97) or nitrogen gas (placebo; n=89) In addition to their ventilatory 
support. Patients who exhibited a Pa02 >60 mm Hg and a pH < 7.55 
were weaned to 5 ppm INOmax or placebo. The primary results from the 
CINRGI study are presented In Table 3. 

Table3: 
Summary of Clinical Results from CINRGI Study 

Placebo INOmax P.value 
ECMO*·t 51/89 (57%) 30/97131%1 <0.001 
Death 5/8916%1 3/9713%1 0.48 

• Extra corporeal membrane oxygenation 
t ECMO was the primary end point of this study 

Significantly fewer neonates In the INOmax group required ECMO 
compared to the control group (31% vs. 57%, P<0.001). While the 
number of deaths were similar In both groups (INOmax, 3%; placebo, 
6%), the combined Incidence of death and/or receipt of ECMO was 
decreased In the JNOmax group (33% vs. 58%, p<0.001 ). 
In addition, the INOmax group had significantly Improved oxygenation 
as measured by Pa02, 01, and alveolar-arterial gradient (P<0.001 for 
all parameters). Of the 97 patients treated with iNOmax, 2 (2%) were 
withdrawn from study drug due to methemoglobin levels >4%. The 
frequency and number of adverse events reported were similar In the 
two study groups {see Adverse Reactions (6.1)]. 
14.2 Ineffective In Adult Respiratory Distress Syndrome (ARDS) 
ARDS Study 
In a randomized, double-blind, parallel, multicenter study, 385 patients 
with adult respiratory distress syndrome (ARDS) associated with 
pneumonia (46%), surgery (33%), multiple trauma (26%), aspiration 
(23%), pulmonary contusion (18%), and other causes, with Pa0z'Fl02 
<250 mm Hg despite optimal oxygenation and ventilation; received 
placebo (n=193) or INOmax (n=192), 5 ppm, for 4 hours to 28 days or 
until weaned because of Improvements In oxygenation. Despite acute 
improvements In 'oxygenation, there was no effect of INDmax on the 
primary endpoint of days alive and off ventllator.support. These results 
were consistent with outcome data from a smaller dose ranging study of 
nitric oxide (1.25 to 80 ppm).INOmax is not indicated for usa in ARDS. 
16 HOW SUPPLIED/STORAGE AND HANDLING 
INOmax (nitric oxide) Is available In the following sizes: 

SizeD Portable aluminum cylinders containing 35311ters at STP 
of ntlrlc oxide gas In 800 ppm concentration In nitrogen 
(delivered volume 3441iters) (NDC 64693-002-01) 

SizeD Portable aluminum cylinders containing 353llters at STP 
of nitric oxide gas In 1 00 ppm concentration In nitrogen 
(delivered volume 3441iters) (NDC 64693-001-01) 

Size 88 Aluminum cylinders containing 1963 liters at STP of nitric 
oxide gas In 800 ppm concentrafton In nitrogen (delivered 
volume 1918 liters) (NDC 64693-002-02) 

Size 88 Aluinlnum cylinders containing 1963 liters at STP of nitric 
oxide gas in 1 00 ppm concentration In nitrogen (delivered 
volume 1918 liters) (NDC 64693-001-02) 

Store ·at 2s•c (!7•F) with excursions permitted between 15-3o•c (59-
aa•F) (see USP Controlled Room Temperatura]. 
Occupational Exposure 
The exposure limit set by the Occupational Safety and Health 
Administration (OSHA) for nitric oxide Is 25 ppm, and for N02 the limit 
is 5 ppm. · 

INO Therapeutics 
6 Route 173 West 
Clinton, NJ 08809 
USA 

© 2009 INO Therapeutics SPC-0303 V:4.0 
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Exhibit 11 

Acute pulmonary hypertension in infants and children: 
cGMP-related drugs 

Alain Fraisse, MD, PhD; David L. Wessel, MD 

Pharmacologic strategies to reduce pulmonary vascular tone 
and to treat pulmonary hypertension originally aimed to enrich 
vascular smooth muscle cyclic adenosine monophosphate levels. 
Alternatively, increasing cyclic guanosine mnnnr•hn~n~.,t .. 

tive pulmonary hypertension after failed withdrawal of inhaled NO 
(class I, level of evidence B). The effectiveness of prolonged 
treatment with sildenafll In documented postoperative pulmonary 
hypertension is not well established (class lib, level of evidence 
C). Sildenafll is indicated in idiopathic pulmonary hypertension, 
although data have been extrapolated mainly from adult trial 
(class I, level of evidence A, extrapolated). Recently, completed 
pediatric trials have seemed to support this recommendation. 
Longer-acting and Intravenous forms of phosphodiesterase type 5 
inhibitors, brain natriuretic peptides, and direct soluble guanylate 
cyclise activators all have appeal, but there is insufficient expe
rience in children witlt acute pulmonary hypertensive disorders 
for recommendations on treatment. (Pediatr Grit Care Med 2010i 
11 [Suppi.]:S37-S40) 

l§i.}MI!i~.m~m:~b~Mvi:P.glrlP. tt@!~fuiM . , , not 
all patients respond to inhaled oxide and withdrawal is 
sometimes problematic. This has prompted investigation of alter
native metltods to increase intracellular vascular smooth muscle 
cGMP. Phosphodiesterase type 5 is particularly abundant in the 
lung vasculature of patients with severe pulmonary hypertension. 
Its inhibition with the sildenafil class of drugs is now common
place. Drugs that affect cGMP metabolism in children with acute 
pulmonary hypertension are the subject of this review and con
sensus statement. Oral sildenafil is recommended in postopera-

KEY WoRos: inhaled nitric oxidej sildenafilj congenital heart 
diseasej postoperative pulmonary hypertension. 

I n children with pulmonary arterial 
hypertension (PAH), endothelial 
dysfunction results in an imbalance 
of endogenous vasoconstrictors 

(e.g., endothelin-1) and vasodilators (e.g., 
nitric oxide [NO]), leading to vascular con
striction, in situ thrombosis, and vascular 
remodeling (1-3). Postoperative PAH and en
dolhelial dysfunction are further exacerbated 
by the effects of cardiopulmonary bypass. 

Strategies to reduce pulmonary vascu
lar tone aim to enrich vascular smooth 
muscle cyclic adenosine monophosphate 
levels through [3 agonists (isoproterenol) 
or with phosphodiesterase type III inhib
itors (e.g., milrinone). Alternatively, in
creasing cyclic guanosine monophos-
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phate ( cGMP) with nitro-vasodilators 
(sodium nitroprusside, nitroglycerin, in-

haled ;ttrual~~\0f'l ~a:1ili~[:(Jilif%tf:ifffi~1~:::1~rif~g~:: 

... owever, not 
patients respond to inhaled NO. Its 

application is limited as it is cumbersome 
and expensive to consider administering 
chronically and there is a withdrawal re
sponse seen in some postoperative pa
tients, Withdrawal of inhaled NO can lead 
to significant rebound PAH. 

Sildenafil and other phosphodiesterdse 
type 5 (PDE5) inhibitors may play a role in 
the management of PAH as an alternative 
or adjunct to current therapies by prefer
entially inhibiting PDE5. Sildenafil acts by 
inhibiting the breakdown of cGMP through 
PDE5, an enzyme that metabolizes intra
cellular cGMP to inactive 5'-GMP. Other 
cGMP-related drugs may act through direct 
guanylate cyclase activation. 

P.harmacology of Sildenafil 

PDE5 is particularly abundant in the 
lung vasculature of patients with severe 
PAI-L The main pharmacologic mecha-

nism by which sildenafil achieves its clin
ical effect is by preferential inhibition of 
PDE5 that is present in penile tissue, 
platelets, skeletal muscle, and vascular 
and visceral smooth muscle, thereby 
slowing the degradation of cGMP, result
ing in lower levels of intracellular cal
cium and relaxation of vascular smooth 
muscle. In PAH, this results ultimately in . 
a reduction ofPAP and pulmonary vascu
lar resistance (3). However, other factors 
may play a significant role, such as atrial 
natriuretic peptide and NO up-regulation 
(4). One potential contraindication for 
sildenafil therapy is postcapillary hyper
tension. When left atrial pressure is ele
vated, sildenafil could worsen heart fail
ure by increasing pulmonary blood flow 
through its vasodilator effect, as has been 
reported with inhaled NO. Although with 
sildenafil, this might be counterbalanced 
by its peripheral vasodilator properties 
(5). Furthermore, sildenafil may be an 
important regulator for contraction and 
stress remodeling pathways. Studies in 
surgical specimens and in rat hypertro
phied right ventricular myocardium 
demonstrated that PDE5 is markedly up
regulated there. Consequently, adminis
tration ofPDE5 inhibitors increases righl 
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ventricular inotropy and decreases right 
ventricular afterload, making them po
tentially ideal for the treatment of dis
eases affecting the right ventricle like 
PAH (6). 

Clinical Studies With Oral 
Sildenafil in Adult PAH 

Four randomized, controlled trials 
have been performed to evaluate silde
nafil in patients with "chronic" PAH (7-
10), with inclusion of few pediatric pa
tients in one (10). They all reported 
positive results, primarily based on im
provement with exercise, using the 6-min 
walk test Following the results of the 
pivotal study from Galie and colleagues, 
Lhe U.S. Food and Drug Administration 
approved oral sildenafil for therapy for 
PAH (7). More recently, combination 
therapy was evaluated in a double-blind, 
randomized trial in which either oral sil
denafil or placebo was given to patients 
already receiving intravenous epoproste
nol. The primary end point (6-min walk 
test) significantly improved in treated 
patients relative to placebo, along with 
secondary end points (hemodynamics, 
quality of life, and time to clinical wors
ening) (11). 

Experience is very limited in adults 
with the use of sildenafil in acute PAH 
after cardiac surgery. Beside anecdotal 
case reports of oral sildenafil in cardiac 
surgical patients, only one small, retro
spective study demonstrated signifi
cantly decreased mean PAP and pulmo
nary vascular resistances in eight 
postoperative patients after mitral valve 
surgery or left ventricular assist deviCe 
placement (12). 

Indications and Clinical 
Applications of Oral Sildenafil in 
Pediatric PAH 

The first human use of sildenafil for 
the purpose of treating PAH was more 
than a decade ago in infants with post
operative PAI-I after failure to wean in
haled NO. The administration of silde
nafil blunted rebound PAH during 
inhaled NO withdrawal (13). From this 
first experience, there have been grow
ing anecdotal evidence and widespread 
adoption of the use of sildenafil to treat 
PAH in pediatric patients. Studies in 
support of chronic administration of 
oral sildenafil in children are only now 
appearing. In a 12-month open-label, 
clinical trial, Hump! and colleagues 
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demonstrated significant improvement 
with hemodynamics and exercise capac
ity (6-min walk test) in 14 children with 
idiopathic or secondary PAH (14). More 
recently, results of a large, prospective, 
double-blind, placebo-controlled trial 
in children have been announced (R. J. 
Barst and D. L. Wessel, personal com
munication). Improvement in exercise 
capacity and secondary outcome vari
ables was observed. 

In acute PAH, the use of oral sildenafil 
has been studied during the early postop
erative period, mainly to prevent rebound 
PAH during inhaled NO withdrawal (13, 
15). Of particular interest is the prospec
tive, randomized, double-blind, placebo
controlled study of Namachivayam and 
colleagues. They demonstrated in 15 
postoperative infants and children who 
were receiving inhaled NO after cardiac 
surgery that a single dose of enteral sil
denafil effectively prevented the develop
ment of rebound PAH after NO with
drawal, as compared with 14 children 
allocated to placebo. Sildenafil also re
duced the subsequent duration of me
chanical ventilation (15). This raises po
tential interest in the prophylactic 
administration of sildenafil in such pa
tient:s with elevated pulmonary vascular 
resistance and failure to wean inhaled 
NO. This concept of the prophylactic use 
of sildenafil to facilitate weaning from NO 
was further enhanced by Lee and col
leagues, who succeeded with oral silde
nafil in withdrawing inhaled NO in seven 
postoperative cardiac children with PAH 
who had previously failed attempts at in
haled NO weaning (16). In this study, the 
sildenafil was continued for an average 
duration of 28 days. 

Beside postoperative PAI-l, sildenafil 
has been studied in persistent pulmonary 
hypertension of the newborn, another 
acute form of PAH. In a placebo-con. 
trolled, randomized study in infants 
>35.5 wks' gestation and <3 days old 
with severe persistent pulmonary hyper
tension of the newborn and oxygenation 
index >25, sildenafil was given at a dose 
of 1 mglkg. Oxygenation index improved 
in all infant~ within 6 hrs to 30 hrs. All 
the patients demonstrated a steady im
provement in pulse oxygen saturation 
over time, and none had noticeable effect 
on blood pressure (17). 

Currently, the optimal dose of oral 
sildenafil in children remains undeter
mined, but is likely to be in the range of 
0.3-1.0 mg/kg three times per day. Bio
availability in a postoperative child may 

be significantly impaired. Few serious 
adverse events have been reported in 
patients on sildenafil, most frequently 
dizziness, tachycardia, erythema, and 
drowsiness (18). Of concern is the re
port of cases of nonarteritic anterior 
ischemic optic neuropathy in adult pa
tients using sildenafil for erectile dys
function. This suggests a possible 
causal relationship with sildenafil, al
though such population with erectile 
dysfunction also often presents with 
generalized endothelial disease, which 
also constitutes a risk factor for nonar
teritic anterior ischemic optic neurop
athy. In children, a single case of isch
emic optic neuropathy was reported 
(19). In pediatric PAH, no significant 
effect on systemic arlerial and central 
venous pressures was seen after incre
mental doses of 0.5 mg!kg, 1 mg/kg, 1.5 
mg/kg, and 2.0 mg/kg (20). Even acci
dental ingestions of adult pills of Viagra 
(Pfizer, New York, NY) did not result in 
significant nor sustained hemodynamic 
compromise (21). 

Guidelines are as follows: 

1. Sildenafil is recommended in postop
erative PAH after failed withdrawal of 
inhaled NO (class I, level of evidence 
B). There are several case reports and 
small cohort studies (13, 16) as well as 
one small prospective, randomized, 
double-blind, placebo-controlled study 
in 30 patients (15). 

2. The effectiveness of prolonged treat
ment with sildenafil in documented 
postoperative PAH is not well estab
lished (class IIb, level of evidence C). 
There are limited data on prolonged 
usc of sildenafil in such indication. In 
the study by Lee and colleagues, silde
nafil was continued for an average du
ration of 28 days (16). Sildenafil may 
be reasonable for more prolonged 
perioperative treatment if PAH is he
modynamically significant. Prelimi
nary review of a large, randomized, 
pediatric trial suggested a good safety 
profile and potential mid-term benefit. 
This will likely raise the class of evi
dence to IIa. 

3. Sildenafil is indicated in idiopathic 
PAH, although data are extrapolated 
mainly from adult trials (7-10) (class 
I, level of evidence A, extrapolated). 
Completed pediatric trials seem to sup
port this recommendation, but final re
view and publication are pending. 
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Intravenous Sildenafil 

When sildenafil is administered enter
ally, its bioavailability is only about 40% 
in healthy subjects (22). In critically ill, 
postoperative children with even more 
unpredictable enteral absoption, the in
travenous form of sildenafil seems more 
appropriate. Several preliminary studies 
in children with intravenous sildenafil 
have reported encouraging results to 
lower PAP and pulmonary vascular resis
tances after cardiac surgery or during 
cardiac catheterization (23-25). In a re
cent work investigating the pharmaco
logic properties of three different doses of 
intravenous sildenafil on postoperative 
PAH, the use of a bolus followed by main
tenance dose for a maximal duration of 
72 hrs was specifically designed for treat
ing PAH in the early postoperative 
course. Beside the ability for the three 
doses of intravenous sildenafil to decrease 
PAP effectively, patients experienced a 
shorter time to extubation and a shorter 
intensive care unit length of stay com
pared with placebo (25). This preliminary 
and underpowered study cannot be used 
for recommendations regarding this un
approved form of the drug. 

Whereas the majority of animal and 
human studies on intravenous sildenafil 
did not document any clinically signifi
cant hemodynamic and respiratory side 
effects (25-28), Schulze-Neick and col
leagues reported significant intrapulmo
nary shunting in postoperative children 
with PAH after cardiac surgery, although 
no patient experienced significant hypox
emia (23). In another study, systemic hy
potension and impaired oxygenation were 
observed after 0.35 mglkg IV of sildenafil 
in postoperative infants at risk but not 
suffering from PAH (24). In a dose
finding trial of in lravenous sildenafil for 
newborns with persistent pulmonary hy
pertension of the newborn, the drug was 
associated with improved oxygenation 
and, in some patients, may have pre
vented the need for standard therapy (in
haled NO) (29). 

Second-Generation PDE 
Inhibitors (Tadalafil, Vardenafil) 

With a longer plasma half-life and a 
more specific and potent POE inhibition, 
the new PDE inhibitors are of potential 
interest in heart failure. To date, no stud
ies in children have been completed and 
published. In an animal model of persis
tent pulmonary hypertension of the new
born, tadalafil improves oxygenation (30). 
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Direct Soluble Guanylate 
Cyclase Activators 

The limitation of NO donors, such as 
nitroprusside, includes development of 
tolerance and lack of selectivity for the 
pulmonary circulation. This has 
prompted investigation into a new prom
ising class of compounds that directly 
activate soluble guanylate cyclase. The 
so-called BAY compounds (e.g., clnaci
quat) have been shown to selectively ac
tivate the oxidized/heme free enzyme, 
causing marked vasodilation in diseased 
organs. Phase II trials are ongoing and no 
experience in children has been reported. 

Nesiritide 

The natriuretic hormone system is an 
important regulator of neurohormonal ac
tivation, cardiac diastolic function, and 
fluid balance, as well as vascular tone. Fur
thermore, brain natriuretic peptide seems 
to be a useful marker to monitor disease 
severity in pediatric PAH (31). Nesiritide 
(synthetic B-type natriuretic peptide) may 
have a hemodynamic profile that is compa
rable with milrinone as a rather nonspecific 
pulmonary vasodilator. It reduces PAP in 
adults and improves diuresis and fluid bal
ance in children after congenital surgery 
but no study has been conducted in acute 
PAH children (32). 

Conclusion 

Over the last decade, oral sildenafil has 
played a growing role in the treatment of 
acute PAH, emerging as an effective first
line therapeutic agent. Selective pulmo
nary vasodilation and antiremodeling 
properties played an important role in its 
clinical efficacy, whereas very few serious 
adverse events were associated with Its 
administration in children. Future well
designed trials are needed to clarify the 
efficacy of sildenafil in acute PAH. Other 
cGMP-related agents are of potential in
terest but they require more specific 
studies to provide information on their 
therapeutic use in acute PAH. 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

(1) Real Party in Interest 

Page 3 

The examiner has no comment on the statement, or lack of statement, identifying by 

name the real party in interest in the brief. 

(2) Related Appeals and Interferences 

The examiner is not aware of any related appeals, interferences, or judicial proceedings 

which will directly affect or be directly affected by or have a bearing on the Board's decision in 

the pending appeal. 

(3) Status of Claims 

The following is a list of claims that are rejected and pending in the application: 

28-42. 

(4) Status of Amendments After Final 

The examiner has no comment on the appellant's statement of the status of amendments 

after final rejection contained in the brief. 

(5) Summary of Claimed Subject Matter 

The examiner has no comment on the summary of claimed subject matter contained in 

the brief. 

(6) Grounds of Rejection to be Reviewed on Appeal 

The examiner has no comment on the appellant's statement of the grounds of rejection to 

be reviewed on appeal. Every ground of rejection set forth in the Office action from which the 

appeal is taken (as modified by any advisory actions) is being maintained by the examiner except 

for the grounds of rejection (if any) listed under the subheading "WITHDRAWN 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

Page 4 

REJECTIONS." New grounds of rejection (if any) are provided under the subheading "NEW 

GROUNDS OF REJECTION." 

(7) Claims Appendix 

The examiner has no comment on the copy of the appealed claims contained in the 

Appendix to the appellant's brief. 

(8) Evidence Relied Upon 

2007 INOmax insert 

Atz & Wessel, Seminars in Perinatology 1997, 21(5), 441-455. 

Kinsella et al., The Lancet 1999, 354, 1061-1065. 

Loh et al., Circulation 1994, 90, 2780-2785. 

(9) Grounds of Rejection 

The following ground(s) of rejection are applicable to the appealed claims: 

Claim Rejections- 35 USC§ 103 

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

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though tbe invention is not identically disclosed or described as set fortb in section 102 of tbis title. if tbe 
differences between tbe subject matter sought to be patented and the prior art are such tbat the subject matter as a whole would have been 
obvious at the time tbe invention was made to a person having ordinary skill in the art to which said subject matter pertains. Patentability 
shall not be negatived by the manner in which tbe invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under 35 

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

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

Page 5 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

Claims 28-42 are rejected under 35 U.S.C. 103(a) as being unpatentable over INOmax® 

insert (2007; IDS filed on 7 /8111) and Atz et al. (Seminars in Perinatology 1997, 21(5), pp 441-

455) and Kinsella et al. (The Lancet 1999, 354, 1061-1065) and Loh et al. (Circulation 1994, 90, 

2780-2785). 

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

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

claims was commonly owned at the time any inventions covered therein were made absent any 

evidence to the contrary. Applicant is advised of the obligation under 37 CPR 1.56 to point out 

the inventor and invention dates of each claim that was not commonly owned at the time a later 

invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 

and potential35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

Applicants claims, for example: 

21t {New) A mrthod uf redt~:Cing the risk o{ Q<;<::~rren~, in <t lernl w near..t~nn 

!l!XIMW patie.ni, of ooe OJ more adve-1-se ewnts or sctiaus ad"e<'Se events associated with a 

medical tmltnwtu compri!Ung inhalation of nitric oxide gas, said mcthod ~mnprnlng; 

(a) identifying a wrm or near-lem) nronate p.sJient in need of inhaled nitric o;.dde 

!temm:ent, wherein dw pali~tll is ~ol koo"'n IQ be: ~nde<!ll ~'n righHo·ldl mu:nti:ng ofblo~xl; 
(b) de~rmining that i:he p.!ilienl k!cn!Hlt..>d. in (a): has p~e:o:islir~g left vermicular 

dysfumotion; at1d 

{c} exduding.the patient from inhaled nitric <1~ide ll'ell:tment based on !he 

delctmination that the patient h~. p,~-ex:isting kfi ~ntrkular dysftmctttlfh 

Determination of the scope and content of the prior art 

(MPEP 2141.01) 
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Application/Control Number: 12/820,866 

Art Unit: 1613 

Page 6 

The INOmax® insert teaches that in the NINOS study (page 1, upper right) neonates with 

hypoxic respiratory failure were treated with inhaled NO (iNO) resulting in fewer deaths than the 

control (14% vs 20%)(page 1, right column). Adverse events were presented in a Table on page 

2 of the insert: 

ADVERSE EVENTS IN THE CINRGI TRIAL 

Adverse Event Placebo (0=89) Inhaled NO (ll=97J 

Hypotension 9 (1tnli) 13 (t~) 

Withdrawal 9 (1CW,) 12 (12J;) 

AteleGtasis 8(9%) g (99(,) 

Hematuria 5 (6%) 8 (8~) 

Hyperglycemia 6(7%) 8 (8%) 

Sepsis 2 (2%} 7~} 

Infection 3~) 6(R} 

Stridor 3(8%) 5 {5%) 

Cellulitis 0 (lW,) 5 (5") 

As can be seen in the Table, there is a higher percentage of Adverse events associated 

with iNO than the placebo in all categories. In addition, the insert also teaches on page 2, left 

column: 

In tha NINOS ~1udy) tmmmant groups warn similar with respect to the 
incidence and severity of intracranial hemorrhager Grade IV hemor· 
rhago~ periwntricular leukomalaci~ wrebral infarction, seizurns 
requiring antlconwlsant therapyl pulmonary hemorr11ag~ or gastroln
tHst:imd henmrmaga 
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This teaching fairly suggests that iNO increases the risk of adverse events over a broad 

variety of events above that of the placebo. Accordingly, the ordinary artisan understands that 

there is an increased risk of adverse events in administering iNO over that of a placebo. In other 

words, the administration o(iNO increases the risk of adverse events in neonates and 

consequently the ordinary artisan understands that by not administering iNO the risk of 

occurrence o(adverse events is reduced as shown by the Table above. From this piece of art, the 

Examiner can make the following reasonable conclusion: 

Finding of Fact #1: Administration of iNO is not without risk of adverse events. 

Inhaled NO increases the risk of adverse events in neonates and the corollary that exclusion 

of the patient from iNO, the placebo above, has a reduced risk of the the occurrence of 

adverse events from iNO. 

Atz et al. teach methods using inhaled nitric oxide in the neonate with cardiac disease, 

hence an identified patient in need of nitric oxide treatment, (title and Abstract) which 

intrinsically provides pharmaceutically acceptable NO gas for inhalation to a medical provider to 

provide to the patient. Atz et al. warn that sudden pulmonary vasodilation may produce 

pulmonary edema (page 452, left column). Atz et al. teach that: "Caution should be exercised 

when administering NO to patients with severe left ventricular dysfunction and pulmonary 

hypertension." (page 452, left column). Since pulmonary hypertension is instantly claimed, then 

the subject intrinsically has hypoxic respiratory failure. Atz et al. continues with: "Therefore, in 

newborns with severe left ventricular dysfunction, predominantly left to right shunting at the 

foramen ovale and exclusively right to le(t shunting at the ductus arteriosus, NO should be used 

with extreme caution, i(at all. We and others have reported adverse outcomes in this 
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circumstance." (page 452, left column) (Examiner added emphasis). Artz et al. thus identify 

conditions in the patients which is screening of the patient. Thus, Atz et al. fairly teaches 

excluding patients which include neonates with left ventricular dysfunction from inhaled NO 

treatment because the Examiner interprets "if at all" to mean no treatment and hence exclusion 

from treatment. The left ventricular dysfunction is intrinsically pre-existing. 

To summarize, the methods disclosed by Atz et al. are interpreted to mean: 

• identifying a patient eligible for NO treatment; 

• diagnosing/identifying if the patient has left ventricular dysfunction; 

• excluding that patient with left ventricular dysfunction from treatment with NO 

but treating the patient with NO for other conditions discussed by Atz et al. with 

inhalation of NO thereby reducing the risk of adverse events associated with the 

medical treatment. 

Atz et al. teach neonates with pulmonary hypertension (Abstract and page 442, left 

column to right column) and it is irrelevant to the Examiner as to how the pulmonary 

hypertension was diagnosed whether by echocardiographic evidence or clinical evidence. The 

fact that matters is that the hypertension is diagnosed in the patient population. From this piece 

of art, the Examiner can make the following reasonable conclusion: 

Finding of Fact #2: Adverse outcomes are known to occur to neonates treated with 

iNO that have pre-existing left ventricular dysfunction and consequently the art cautions 

against the use of iNO to such patients. 

Kinsella et al. teach excluding patients (premature neonates) from inhaled nitric oxide 

treatment if they have fatal congenital anomalies or congenital heart disease (Abstract and page 
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1062, Methods). Since left ventricular dysfunction is a congenital heart disease, as acknowledged 

by Applicant, (see specification [0028]), and it would be pre-existing, then the methods of 

Kinsella et al. intrinsically exclude this patient population from the method. The patients also had 

pulmonary hypertension which would be associated with the cardiac function (Abstract). Thus, 

one or more adverse events are reduced in the neonates excluded from the method. The patients 

are intrinsically identified for nitric oxide inhalation treatment, diagnosed for congenital heart 

disease which intrinsically includes left ventricular dysfunction, and if the patient meets the 

criteria than treatment with NO is performed thereby reducing the risk of adverse events 

associated with the treatment. From this piece of art, the Examiner can make the following 

reasonable conclusion: 

Finding of Fact #3: Neonates with fatal congenital anomalies or congenital heart 

disease are excluded from iNO therapy but those neonates who meet the criteria for 

therapy are provided iNO therapy. 

Loh et al. teach that inhaled nitric oxide in patients with left ventricular dysfunction may 

have adverse effects in patients with LV failure (Title and Abstract). Loh et al. clearly teaches 

that patients with pulmonary artery wedge pressure, which is synonymous with the instantly 

claimed pulmonary capillary wedge pressure, o(greater than or equal to 18 mm Hg had a 

greater effect of inhaled NO due to the greater degree of reactive pulmonary hypertension 

present in such patients (page 2784, left column). Loh et al. state: "Since the degree of reactive 

pulmonary hypertension is generally related to the severity ofhemodynamic compromise in 

patients with LV failure, it might be anticipated that patients with more severe heart failure will 

have a more marked hemodynamic response to inhaled NO." Loh et al. examined this prediction 
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further and verified it (page 2784, left column). From this piece of art, the Examiner can make 

the following reasonable conclusion: 

Finding of Fact #4: Patients with a pulmonary capillary wedge pressure of greater 

than or equal to 18 mm Hg have a more marked hemodynamic response to inhaled NO 

which results in the finding that inhaled nitric oxide in patients with left ventricular 

dysfunction may have adverse effects in patients with LV failure. 

Ascertainment of the difference between the prior art and the claims 

(MPEP 2141.02) 

1. The difference between the instant application and INOmax®, Atz et al., Loh et al., 

and Kinsella et al., is that INOmax®, Atz et al., Loh et al., and Kinsella et al., do not expressly 

teach the method of reducing the risk of occurrence in a term or near term neonate patient of one 

or more adverse events or serious adverse events associated with iNO therapy comprising 

identifying a term or near term neonate patient in need of iNO treatment and is not known to be 

dependent on right to left shunting of blood, determining if the patient has pre-existing L VD and 

excluding the patient from iNO treatment if they have pre-existing L VD or administering iNO if 

they do not have pre-existing L VD of instant claims 28-42. This deficiency in the cited 

references is cured by the common sense of the ordinary artisan. 

Finding of prima facie obviousness 

Rational and Motivation (MPEP 2142-2143) 
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1. It would have been obvious to one of ordinary skill in the art at the time the claimed 

invention was made to perform the method of INOmax®, Atz et al., Loh et al., and Kinsella et 

al., and perform the method steps of instant claims 28-42 and produce the instant invention. 

One of ordinary skill in the art would have been motivated to do this because: 1) iNO has 

risk of adverse events as taught by INOmax®; 2) if the neonate has left ventricular dysfunction 

(LVD), then Atz et al. clearly teach using extreme caution or not using NO at all in the treatment 

of patients with LVD which would also render obvious other forms of L VD not know to be 

dependent on right to left shunting of blood; and 3) the art of Kinsella et al. establishes excluding 

certain patients (premature neonates) from inhaled nitric oxide treatment if they have fatal 

congenital anomalies or congenital heart disease. Thus it is simply no stretch of the imagination 

to exclude patients such as term or near term neonates with L VD and not known to be dependent 

on right to left shunting of the blood from inhaled nitric oxide therapy in order to avoid adverse 

outcomes as taught by Atz et al. which intrinsically include all the adverse events recited by 

Applicant including pulmonary edema as discussed above. The ordinary artisan would err on the 

side of caution for the benefit of the patient. Identification of a plurality of patients in need of 

iNO treatment and determining which patient has pre-existing L VD and which does not is simply 

screening of patients. Administration of iNO to neonates without LVD is already known in the 

art. 

Furthermore, it is already known through the teachings of Loh et al. that a pulmonary 

capillary wedge pressure (PCWP) of greater than 18 mg Hg serves as a guidepost for alerting the 

artisan to adverse events from inhaled NO. Thus, it is not inventive to exclude patients with a 

PCWP of greater than 20 mm Hg when the art already suggests the risk of trouble of treating 
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patients with a PCWP of 18 mm Hg because inhaled NO increases the wedge pressure as taught 

by Loh et al. (see entire document). 

In summary, it remains the position of the Examiner, which is in alignment with the 

written opinion of the international search authority, that it is simply not inventive to 'inform' a 

medical provider that a neonate with L VD is at risk of adverse/serious adverse events from iNO 

therapy when the art already has established that fact and the ordinary artisan is alerted to this 

fact. !(the patient has LVD then they are at risk of adverse and/or serious adverse events (rom 

iNO therapy and it is not inventive to further identify other secondary conditions/risk (actors 

associated with LVD and provide further warnings (or secondary conditions/risk (actors that are 

separate and independent (rom the first condition/risk (actor but nevertheless associated with 

LVD to the medical provider. Screening (or conditions that predispose the patient to 

adverse/serious adverse effects (rom medical treatment o(iNO is obvious given the teachings 

above. Respectfully, the instantly claimed method steps are in the realm of common sense and 

not in the dominion of invention because it is already known in the art that patients with pre-

existing L VD are at risk of adverse effects from iNO. In other words, not every finding in the 

scientific kingdom is patentable. It is obvious to the ordinary artisan that if the neonate has 

L VD, then in order to avoid the risk of adverse or serious adverse events associated with iNO, to 

then exclude the neonate from iNO therapy. In other words, given the art as a whole, 

determination of further conditions/risk factors that would exclude the neonate from iNO therapy 

is obvious given the teachings in the art as discussed above which direct the artisan to screen 

neonates about to undergo treatment with NO by inhalation and to exclude those with LVD from 

such treatment. 
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In light of the forgoing discussion, the Examiner concludes that the subject matter 

defined by the instant claims would have been obvious within the meaning of 35 USC 103(a). 

From the teachings of the references, it is apparent that one of ordinary skill in the art 

would have had a reasonable expectation of success in producing the claimed invention. 

Therefore, the invention as a whole was prima facie obvious to one of ordinary skill in the art at 

the time the invention was made, as evidenced by the references, especially in the absence of 

evidence to the contrary. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created doctrine 

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 

improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 

harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection 

is appropriate where the conflicting claims are not identical, but at least one examined 

application claim is not patentably distinct from the reference claim(s) because the examined 

application claim is either anticipated by, or would have been obvious over, the reference 

claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 

USPQ 645 (Fed. Cir. 1985); In re Van Omum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re 

Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 

USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CPR 1.321(c) or 1.321(d) may 

be used to overcome an actual or provisional rejection based on a nonstatutory double patenting 
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ground provided the conflicting application or patent either is shown to be commonly owned 

with this application, or claims an invention made as a result of activities undertaken within the 

scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal 

disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CPR 

3.73(b). 

1. Claims 28-42 are provisionally rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 29-42 of copending Application No. 

12/820980. Although the conflicting claims are not identical, they are not patentably distinct 

from each other because the instant subject matter embraces or is embraced by the subject matter 

of the copending subject matter. Both applications are drawn to methods of reducing one or more 

adverse events in a term or near term neonates by excluding from treatment anyone with pre-

existing left ventricular dysfunction. 

Therefore one of ordinary skill in the art would have recognized the obvious variation of 

the instant application over the copending application. 

This is a provisional obviousness-type double patenting rejection because the conflicting 

claims have not in fact been patented. 

2. Claims 28-42 are provisionally rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 21-30 of copending Application No. 

12/821020. Although the conflicting claims are not identical, they are not patentably distinct 

from each other because the instant subject matter embraces or is embraced by the subject matter 

of the copending subject matter. Both applications are drawn to methods of reducing one or more 
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adverse events in a patient population by excluding from treatment anyone with pre-existing left 

ventricular dysfunction. 

The copending application does not expressly teach the intended population as having 

one or more conditions. 

However the copending application is drawn to the same patient population which 

intrinsically has one or more conditions/risk factors as instantly claimed. 

Therefore one of ordinary skill in the art would have recognized the obvious variation of 

the instant application over the copending application. 

This is a provisional obviousness-type double patenting rejection because the conflicting 

claims have not in fact been patented. 

3. Claims 28-42 are provisionally rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 21-29 and 37 of copending Application 

No. 12/821041. Although the conflicting claims are not identical, they are not patentably distinct 

from each other because the instant subject matter embraces or is embraced by the subject matter 

of the copending subject matter. Both applications are drawn to methods of reducing one or more 

adverse events in a patient population by excluding from treatment anyone with pre-existing left 

ventricular dysfunction. 

The copending application does not expressly teach the intended population as having 

one or more conditions. 

However the copending application is drawn to the same patient population which 

intrinsically has one or more conditions/risk factors as instantly claimed. 
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Therefore one of ordinary skill in the art would have recognized the obvious variation of 

the instant application over the copending application. 

This is a provisional obviousness-type double patenting rejection because the conflicting 

claims have not in fact been patented. 

(10) Response to Argument 

As a first point, it appears that Appellant argues the claims together and not separately. 

As a second point, there are about 45 pages of argument in this Appeal Brief where there 

are multiple arguments over the same points/references. The Examiner has attempted to address 

all of Appellants arguments in the following response. 

Appellant asserts that the Board should reverse the rejection because: i) it is contrary to 

historical fact and ii) the Examiner provides no analysis based upon the etiology and/or 

pathophysiology of the various conditions that would explain why a risk of adverse events in the 

Prior Art Patient Populations would lead one skilled in the art to expect an increased likelihood 

of adverse events in the Claims Patient Population. Applicant asserts that all the evidence of 

record is to the contrary and demonstrates that the etiology and pathophysiology of these patient 

populations are clinically distinct and would not justify any such conclusion. Respectfully, the 

Examiner strongly disagrees with all of Appellant's arguments for the reasons of record and 

those following. 

The "overwhelming volume of highly pertinent factual evidence" that is supposed to 

render the claimed subject matter non-obvious is rendered moot by the disclosure of the INOmax 

Ex. 2007-1217



Application/Control Number: 12/820,866 

Art Unit: 1613 

Page 17 

insert which clearly presents inhaled NO (iNO) therapy as having inherent risk of adverse events 

especially with the neonate target population as discussed in the rejection above. Certainly, all 

the experts must have been aware of such warnings and therefore knew that iNO therapy carries 

with it inherent risk of adverse events. It is not as if Applicant discovered some new outcome 

from the administration of iNO but rather adverse effects are clearly expected from the 

administration of the iNO therapy. The art of Atz et al. further establishes that neonates with 

L VD are at increased risk of adverse events. It is therefore no surprise that neonates with pre-

existing LVD with right-to-left shunting of blood or not, are at risk of adverse events from iNO 

therapy because all patients that have iNO therapy are at risk of adverse events. Consequently, it 

is not inventive to reduce the risk or occurrence of one or more adverse events associated with 

iNO therapy by excluding that patient from the therapy. In other words: 

No iNO therapy = no risk of adverse events occurring from the iNO therapy. 

This is common sense and not the opinion of the Examiner. 

With respect to the etiology and pathophysiology of the claimed patient population, 

nowhere in the claim language is there positive description(s) of the claimed patient population 

in terms of their specific etiology and pathophysiology; only that the claimed patient population 

has LVD which is step (b) in claim 28. The Examiner is examining the claim language and not 

reading limitations into the claims that are not present. 

Appellant appears to be under the impression that just because Appellant noticed 

increased adverse events due to iNO therapy in a subpopulation of neonates with L VD, which is 

evidently surprising to the 115+ experts and 5 regulatory authorities despite the warnings on the 

iNOmax label, that this is patentable subject matter in view of the art as a whole. The Examiner 
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strongly disagrees for at least the reasons of record and those presented here. While this finding 

is worthy of publication to inform the public, it does not rise to level of invention based on the 

preponderance of evidence in the art which was known at the time of the instant invention. 

Appellant asks:" ... why was the INOT22 Study protocol approved without excluding that 

population from the study?" 

This is an irrelevant question which has no bearing on the patentability of the claims as 

all patients treated with iNO therapy are under risk of adverse events associated with the therapy. 

On page 23 of 56, Appellant asserts that the INOmax insert is both irrelevant and 

inaccurate. This is incorrect. It must be relevant enough to be on the insert and the Examiner has 

cut and pasted the relevant sections, which Appellant cannot ignore, in the rejection above. 

On page 24 of 56, Appellant asserts that Atz & Wessel are overgeneralized and 

materially misleading. This is incorrect. Both the INOmax insert and Atz clearly teach adverse 

events associated with iNO therapy even with neonates with LVD. 

On page 24 of 56, Appellant asserts that it is simply false that INOmax should not be 

administered to patients with congenital anomalies or heart disease. This is incorrect. Kinsella et 

al. is cited for showing that the art will exclude patients with heart disease from iNO therapy. 

On page 24 of 56, Appellant asserts that the fact finding of Loh et al. is a severe 

overgeneralization and materially misleading. This is incorrect. The art of Loh et al. speaks for 

itself as discussed in detail previously. 

Appellant asserts on page 25 of 56 that the Examiner is simply wrong on the science and 

the four findings of fact are irrelevant and inaccurate. This is incorrect. The art speaks for itself 

as discussed in detail previously. 
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With respect to all of the cited references, please note that the principle of law states that: 

A reference is good not only for what it teaches by direct anticipation but also for what one of 

ordinary skill in the art might reasonably infer from the teachings. (In re Opprecht 12 USPQ 2d 

1235, 1236 (Fed Cir. 1989); In re Bode 193 USPQ 12 (CCPA) 1976). 

On page 26 of 56, Appellant admits on the record that: "No drug can be said to be 

"without risk of adverse events." Given that admission, is it not obvious to exclude a patient 

from therapy of the drug in order to reduce the risk of adverse events associated with the drug? 

On page 26 of 56, Appellant fails to see the connection between the adverse events on the 

INOmax insert and an understanding that one should avoid giving inhaled NO to the claimed 

patient population in particular. That is why this is a 103 rejection and not an anticipation 

rejection. However, given that the instant claims do not require knowledge if the patient has 

right-to-left shunting of blood, any patient with pre-existing LVD can read on the instant claims 

when the artisan does not know if they have a dependence on right-to-left shunting of blood and 

be at risk of the adverse events in the Table. 

On page 27 of 56, Appellant attempts to correct the record because it is Appellant's 

opinion that the data from the CINRGI table and the NINOS study is superfluous. The Examiner 

does not find this line of argument persuasive because the table and study were important enough 

to be put on the insert. Additionally numbers are hard facts and the numbers show an increase in 

adverse events for the treatment population as shown again below for Appellant's benefit: 

Ex. 2007-1220



Application/Control Number: 12/820,866 

Art Unit: 1613 

ADVERSE EVENTS IN THE CINRGI TRJAL 

Adverse Event Placebo (0=89) lnllaled NO (ll=97l 

Hypotension 9 (tim) 13 (13%} 
Withdrawal 9 {10%) 12 (1~} 

Atehmtasis 8 (1116) g f9") 

Hematuria 5 {6%) 8(8%} 

Hyperglycemia 6(1%) 8 (8%) 

Sepsis 2 (2%) 7 (7'1.) 

Infection 3~) 6(B) 

Stridor 3(9%) 5 f5") 

Cellulitis 0 (D'J') s {5") 
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Clearly, for hypotension for example, a 13% adverse event is greater risk of hypotension 

than for 9% of the placebo. Furthermore, no placebo patients had cellulitis while 5% of the iNO 

patients did. This is not a trivial difference as asserted by Appellant. This is clearly an increased 

risk. Arguments otherwise are simply unfounded and unsound. 

Appellant asserts that the 2007 INOmax supports their position of non-obviousness but 

the Examiner cannot agree as discussed above. 

On pages 29-30 of 56, Appellant asserts that the finding of fact of Atz & Wessel does 

not accurately represent that teaching and that the reference is directed to adult patients and 

neonates suffering from LVD that are reliant on right-to-left shunting of blood at the patent 

ductus arteriosus. To be clear, the citation on page 31 of 56 also states: (Examiner added 

emphasis) "Therefore, in newborns with severe le(t ventricular dysfunction, predominantly le(t 

to right shunting at the foramen ovale and exclusively right-to-le(t shunting at the ductus 
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arteriosus, NO should be used with extreme caution if at all. We and others have reported 

adverse outcomes in this circumstance." Applicant interprets that the "caution" of the reference 

is explicitly limited to neonates who present with a combination of three conditions. 

Respectfully, the Examiner cannot agree to this narrow interpretation of the reference. The left 

ventricular dysfunction of the newborn is predominantly left to right shunting at the foramen 

ovale and exclusively right-to-left shunting at the ductus arteriosus. Thus, the plain and ordinary 

meaning of the previous sentence is: mostly or mainly are left to right shunting at the foramen 

ovale and limited to right to left shunting at the ductus arteriosus. The Examiner does not see 

how the newborn has to have 3 conditions when only two conditions are discussed which appear 

to be exclusive of one another. In other words, if the newborn has right to left shunting at the 

ductus arteriosus that does not necessarily mean the newborn has to also have left to right 

shunting at the foramen ovale. In any event, the previous teaching that: "Caution should be 

exercised when administering NO to patients with severe left ventricular dysfunction and 

pulmonary hypertension." (page 452, left column) trumps all else as patients includes both adults 

and neonates. The Examiner does not find this argument persuasive. 

On pages 32-33 of 56, the physiology is discussed. The Examiner does not dispute the 

physiology. 

On page 33 of 56, Appellant admits on the record that: "It was recognized early on that a 

particular subset of neonates with pulmonary hypertension may, because of their peculiar cardiac 

physiology, suffer fatal complications if they receive this therapy." This admission appears to 

say that those in the art already knew that neonates with "peculiar cardiac physiology" can suffer 

fatal consequences if they have iNO therapy. Thus there is nothing surprising here. 
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It appears that infants that have pulmonary hypertension results in increased blood 

pressure in the right atrium which results in right to left shunting of blood have blood forced 

from the right atrium through the still patent ductus arteriosus and directly into the systemic 

circulation. Blood entering the circulation from the right atrium is partially oxygenated from 

blood leaking through the patent foramen ovale from the left to the right atrium and mixing with 

the deoxygenated blood normally in the right atrium. Since the dysfunctional left ventricle in 

these patients is not able to supply the systemic circulation with blood, the patients rely on this 

abnormal right to left shunting of blood to supply oxygenated blood systemically. Reducing 

pulmonary hypertension will redirect blood flow from the right atrium into the lungs and away 

from the ductus arteriosus, cutting off the right to left shunt on which the patient depends for 

survival. Thus, iNO therapy which reduces pulmonary hypertension can be fatal to these patients. 

The Examiner does not dispute this logic. 

On page 35 of 56, Appellant asserts that the Examiner has impermissibly picked and 

chosen only the LVD aspect of Atz & Wessel disclosure. The Examiner cannot agree. The 

Examiner has applied the appropriate section of the reference and Atz & Wessel do warn others 

of this problem. Atz et al. teach that: "Caution should be exercised when administering NO to 

patients with severe left ventricular dysfunction and pulmonary hypertension." (page 452, left 

column). That is a pretty generic cautionary advisory provided by the reference especially when 

the patients include both adults and neonates with severe left ventricular dysfunction. 

On page 35 of 56, Dr. Wessel is surprised that children with L VD who are not dependent 

on right to left shunting would be at increased risk of adverse events when administered iNO. 

The Examiner disagrees. There is nothing surprising here when the art already teaches that there 
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are inherent risks with iNO therapy and Atz & Wessel already caution against iNO use in 

neonates with severe LVD. The Examiner does not find this argument persuasive. 

On page 37 of 56, Appellant asserts that the Examiner mischaracterizes the disclosure. 

The Examiner cannot agree for the reasons of record. Kinsella et al. is cited to demonstrate that it 

is known to exclude patients from studies as discussed above. Thus it is known in the art to 

exclude patients from therapy. The Examiner does not find this argument persuasive. 

On page 40 of 56, Appellant asserts that the Examiner has grossly overgeneralized the 

reference of Loh et al. because Loh et al. is directed to adults and not neonates. This is not 

deemed persuasive because Loh et al. provide a guidepost which guides the artisan to the 

instantly claimed value. The correlation between LVD, PCWP value, iNO and adverse effects is 

already known in the art. The Examiner does not find this argument persuasive. The Examiner 

has considered the evidence of record between Adult and the instant populations and not found 

the evidence to be persuasive in this case. 

On page 42 of 56, Appellant asserts that the Examiner's rejection is based on flawed and 

legally improper reasoning. The Examiner cannot agree. The Examiner has made a sound prima 

facie case of obviousness and Applicant's arguments are not persuasive for the reasons discussed 

here and already of record. 

On page 42 of 56, Appellant did not understand the Examiner's statement. Let the 

Examiner clarify: In view of the cited references, there is no patentable subject matter. 

On page 43 of 56, Appellant addresses the Examiner's motivation. Appellant re-argues 

points made previously and the Examiner's response is the same as above. 
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On page 45 of 56, Appellant asserts that the Examiner has not commented on any of the 

evidence supplied by Applicant. The Examiner strongly disagrees. The Examiner has thoroughly 

and thoughtfully considered all evidence supplied by Applicant as evidenced by the multiple 

Office Actions of record and weighed all the evidence and determined that the evidence is not 

persuasive for the reasons of record. 

On page 46 of 56, Appellant states: "Resolution of this issue [of obviousness] entails a 

difficult process of turning back the clock to a time when the invention was made and asking 

what one of ordinary skill in the art might have thought." This is what the Examiner has 

done. Given that Atz et al. teach that: "Caution should be exercised when administering NO to 

patients with severe left ventricular dysfunction and pulmonary hypertension." (page 452, left 

column); and INOmax insert teaches adverse events associated with iNO therapy when 

administered to neonates, the only reasonable conclusion is that patients with LVD are at risk 

from adverse events from iNO therapy. 

Contrary to Appellant's assertion at no point does the Examiner agree with any of 

Appellant's arguments. 

On page 47 of 56, Appellant asserts that the prima facie case is fundamentally flawed. 

The Examiner cannot agree. The Examiner has presented the facts as known to the ordinary 

artisan at the time of the invention. 

On page 49 of 56, Appellant makes arguments about what real world doctors would do. 

This is not relevant to patentability. 

Appellant does not traverse the non-statutory obviousness type double patenting 

rejections (page 4 of 56). 
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Page 25 

• Administration of iNO to neonates with L VD, predominantly left to right shunting 

at the foramen ovale and exclusively right to left shunting at the ductus arteriosus 

is warned against because of adverse outcomes (Atz et al.); and: ***"Caution 

should be exercised when administering NO to patients with severe left 

ventricular dysfunction and pulmonary hypertension." (page 452, left column of 

Atz et al.). *** 

• Neonates with congenital heart disease have already been excluded from iNO 

therapy (Kinsella et al.). 

• Inhaled nitric oxide in patients with left ventricular dysfunction may have adverse 

effects in patients with LV failure (Loh et al.). 

The principles of law state: 

• A reference is good not only for what it teaches by direct anticipation but also for 

what one of ordinary skill in the art might reasonably infer from the teachings. (In 

re Opprecht 12 USPQ 2d 1235, 1236 (Fed Cir. 1989); In re Bode 193 USPQ 12 

(CCPA) 1976). 

• From MPEP 2141.03 1: "A person of ordinary skill in the art is also a person of 

ordinary creativity, not an automaton." KSR International Co. v. Teleflex Inc., 

127 S.Ct. 1727, 167 LEd2d 705, 82 USPQ2d 1385, 1397 (2007). "[I]n many cases 

a person of ordinary skill will be able to fit the teachings of multiple patents 
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together like pieces of a puzzle." !d. Office personnel may also take into account 

"the inferences and creative steps that a person of ordinary skill in the art would 

employ." !d. At 1396, 82 USPQ2d at 1396. 

• From MPEP 2141.03 I: "The "hypothetical person having ordinary skill in the art' 

to which the claimed subject matter pertains would, of necessity have the 

capability of understanding the scientific and engineering principles applicable to 

the pertinent art." Ex parte Hiyamizu, 10 USPQ2d 1393, 1394 (Bd. Pat. App. & 

Inter. 1988) 

Consequently, the art as a whole paints a picture that patients, including neonates, are at 

risk of adverse events from iNO therapy even if the iNO therapy is beneficial in other aspects 

and it remains obvious to one of ordinary skill in the art to exclude patients, including neonates, 

from iNO therapy to reduce the risk of occurrence of such adverse events. While the Examiner 

acknowledges the instant claims have a real world utility and can perhaps save the lives of 

neonates, the instant claims do not rise to the level of invention but rather remain on the plane of 

obvious to the person of ordinary skill in the art based on the art as a whole. 

In conclusion, while Appellant has performed routine research (INOT22 Study) and 

observed something that is worthy o(publication in the medical literature, it does not however 

impart patentability to the instant method claims given the knowledge in the art as a whole at the 

time ofthe invention. In other words, good scientific research and beneficial contributions to the 

art do not necessarily result in patentability especially when, as is the case here, the prior art 
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provides specific guidance and indicates that neonates with LVD are at risk o(adverse events 

(rom iNO therapy. Respectfully, the Examiner cannot agree with any o(Appellants arguments. 

(11) Related Proceeding(s) Appendix 

No decision rendered by a court or the Board is identified by the examiner in the Related 

Appeals and Interferences section of this examiner's answer. 

For the above reasons, it is believed that the rejections should be sustained. 

Respectfully submitted, 

/Ernst V Arnold/ 

Primary Examiner, Art Unit 1613 

Conferees: 

1./Brian-Yong S Kwon/ 

Supervisory Patent Examiner, Art Unit 1613 

2./Bennett Celsa/ 

Primary Examiner, TC1600 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Serial No. 
Filed 
Title 

James S. Baldassarre et al. Art Unit 1613 
12/820,866 Examiner Ernst V. Arnold 
June 22, 2010 Conf. No. 2913 
METHODS OF TREATING TERM AND NEAR-TERM NEONATES HAVING 
HYPOXIC RESPIRATORY FAILURE ASSOCIATED WITH CLINICAL OR 
ECHOCARDIOGRAPHIC EVIDENCE OF PULMONARY HYPERTENSION 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-14 50 

REQUEST FOR ORAL HEARING 

Under the provisions of 37 CFR §41.47(b ), appellant respectfully requests an oral hearing 

in the appeal in this case. This request is being filed within two months after the date the 

Examiner's Answer was mailed (November 1, 2011 ). The required fee of $620 is being paid 

concurrently herewith. Please apply any other necessary charges or credits to Deposit 

Account 06-1050, referencing the above attorney docket number. 

Date: December 16, 2011 

Customer Number 94169 
Fish & Richardson P.C. 
Telephone: (617) 542-5070 
Facsimile: (877) 769-7945 

22754858.doc 

Respectfully submitted, 

/Janis K. Fraser/ 
Janis K. Fraser, Ph.D., J.D. 
Reg. No. 34,819 

CERTIFICATE OF (A) MAILING BY FIRST CLASS MAIL OR (B) TRANSMISSION 
I hereby certifY under 37 CFR §1.8(a) that this correspondence is either (A) addressed as set out in 
37 CFR §l.l(a) and being deposited with the United States Postal Service as first class mail with 
sufficient postage, or (B) being transmitted by facsimile in accordance with 37 CFR § 1.6(d) or via 
the Office electronic filing system in accordance with 37 CFR § 1.6(a)(4), on the date indicated 
below. 

December 16, 2011 

Date of Deposit or Transmission 
/Paul J. Micele/ 

Signature 
Paul J. Micele 

Typed or Printed Name of Person Signing Certificate 
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James S. Baldassarre et al. Art Unit 1613 
12/820,866 Examiner Ernst V. Arnold 
June 22, 2010 Conf. No. 2913 
METHODS OF TREATING TERM AND NEAR-TERM NEONATES HAVING 
HYPOXIC RESPIRATORY FAILURE ASSOCIATED WITH CLINICAL OR 
ECHOCARDIOGRAPHIC EVIDENCE OF PULMONARY HYPERTENSION 

Mail Stop Appeal Brief- Patents 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-14 50 

REPLY BRIEF 

Appellant submits this Reply Brief in response to the Examiner's Answer dated 

November 1, 2011, and within the two-month period for reply specified in 37 CFR § 41.41(a)(l). 

The subject application is under Accelerated Examination. 

CERTIFICATE OF (A) MAILING BY FIRST CLASS MAIL OR (B) TRANSMISSION 
I hereby certifY under 37 CFR §1.8(a) that this correspondence is either (A) addressed as set out in 
37 CFR §l.l(a) and being deposited with the United States Postal Service as first class mail with 
sufficient postage, or (B) being transmitted by facsimile in accordance with 37 CFR § 1.6(d) or via 
the Office electronic filing system in accordance with 37 CFR § 1.6(a)(4), on the date indicated 
below. 

December 16, 2011 

Date of Deposit or Transmission 
/Paul J. Micele/ 

Signature 
Paul J. Micele 

Typed or Printed Name of Person Signing Certificate 
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Serial No. : 
Filed 
Page 

James S. Baldassarre et al. 
12/820,866 
June 22, 2010 
2 of21 

Attorney's Docket No.: 26047-0003002 I 3000-US-
0008CON 

I. Status of Claims 

The claims remain unchanged from the claims described in Appellant's Appeal Brief 

filed October 4, 2011 (the Appeal Brief). To wit: 

Claims 1-27 are canceled. 

Claims 28-42 are rejected and under appeal. 

The Claims Appendix that was attached to the Appeal Brief as Appendix (viii) 

incorrectly designated each claim as "New", when in fact the claims should have been 

designated "Previously presented." In order to correct the record, a revised Claims Appendix 

with the proper claim designations is attached to this Reply Brief. Appellant apologizes for the 

error. 
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II. Ground of Rejection To Be Reviewed on Appeal 

The ground of rejection to be reviewed on appeal is as described in the Appeal Brief on 

page 4. The Examiner's Answer did not raise a new ground of rejection. As noted in the Appeal 

Brief at pages 4-5, the provisional rejections of the claims for nonstatutory obviousness-type 

double patenting are not contested insofar as they are applied to the claims as currently written, 

and will be addressed by the filing of appropriate Terminal Disclaimers if doing so is warranted 

at the time the present claims are otherwise deemed allowable. Accordingly, the Board of Patent 

Appeals and Interferences (the "Board") need not address the obviousness-type double patenting 

rejections at this time. 
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A. The Rejection ignores overwhelming real-world evidence that the claimed 
subject matter is non-obvious 

The issue on appeal is whether a person skilled in the art, presented with a patient who is 

a "term or near-term neonate in need of inhaled nitric oxide,"1 would have found it obvious at the 

time of Appellant's invention to withhold inhaled nitric oxide treatment because the patient was 

a member of the Claimed Patient Population, i.e., a term or near-term neonate that suffers from 

pre-existing left ventricular dysfunction ("L VD") but is not known to be dependent on right-to

left shunting of blood. In the opening brief on appeal, Appellant cited mountains ofunrebutted 

evidence that, for inhaled nitric oxide's entire history as an approved drug (up to the time of 

Appellant's invention), it was not the practice in the art to withhold this life-saving drug from the 

Claimed Patient Population. This evidence is summarized in the Appeal Brief at pages 6-8 and 

presented in more detail at pages 16-23. 

Briefly, the evidence of record demonstrates the following: 

1. Over 115 doctors, researchers, and regulatory officials responsible for designing and 

approving the INOT22 Study for inhaled nitric oxide did not raise any concerns about including 

the Claimed Patient Population in that study;2 

2. The head of the committee that designed the protocol for that study (and senior author 

of the Atz & Wessel reference) did not predict there was any particular risk to the Claimed 

Patient Population from the administration of inhaled nitric oxide;3 

3. The FDA did not recognize any risk to the Claimed Patient Population in the original 

INOmax® prescribing information or the INOT22 Study protocol, though a different risk to a 

distinct group of neonates (the Shunt-Reliant Population) was recognized by the FDA and 

prominently featured in the original prescribing information.4 

1 See, e.g., amended claim 28. 
2 Appea1Briefat6-8, 10-14,16-19, and21-22. 
3 !d. at6-7, 17, and35-36. 
4 !d. at 19-23. 
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The record also includes evidence that inhaled nitric oxide has been administered to 

hundreds of thousands of patients, and that the standard of care for administration of the drug did 

not, prior to Appellant's invention, exclude the Claimed Patient Population from receiving the 

drug on grounds of an increased likelihood of adverse events, or otherwise. 5 It further includes 

evidence that the FDA and other regulatory agencies around the world recognized the 

importance of Appellant's invention and modified the label for inhaled nitric oxide as a direct 

result of the surprising INOT22 Study results. 6 

Notably, the Examiner does not dispute any of the above facts. Rather, he dismisses all 

of Appellant's evidence on two grounds. First, he takes the remarkable position that real-world 

evidence need not be considered in evaluating obviousness: 

... Appellant makes arguments about what real world doctors would do. 
This is not relevant to patentability.7 

This is clear legal error. Far from being "not relevant to patentability," such evidence is 

considered highly probative by the courts, as the cases cited in Appellant's Appeal Brief 

demonstrate. 8 "A critical step in analyzing the patentability of claims pursuant to section 103(a) 

is casting the mind back to the time of invention, to consider the thinking of one of ordinary skill 

in the art, guided only by the prior art references and the then-accepted wisdom in the field."9 

Thus, evidence of what real world doctors did or did not do prior to Appellant's invention is 

directly probative of non-obviousness in this case. Indeed, objective evidence of non

obviousness "may be the most pertinent, probative, and revealing evidence available to aid in 

reaching a conclusion on the obvious/nonobvious issue."10 

5 !d. at 10, 45 (drug administered to over 300,000 patients; citing a publication showing that inhaled nitric oxide is 
routinely (and successfully) used to treat neonates who have congenital heart disease in general). 
6 !d. at 13-14. 
7 Examiner's Answer at 24 (emphasis added). 
8 See, e.g., Rosemount, Inc. v. Beckman Instruments, Inc., 727 F.2d 1540, 1546 (Fed. Cir. 1984) ("The objective 
evidence, again composed of real world facts, is worthy of great weight ... "); Panduit Corp. v. Dennison Mfg. Co., 
774 F.2d 1082, 1099 (Fed. Cir. 1985) ("The human, real world story in evidence ... not only reflects the inadequacy 
ofthe prior art, but compels a conclusion ofnonobviousness ofthe claimed inventions in suit."). These cases were 
cited in the Appeal Brief at page 48. 
9 In re Kotzab, 217 F.3d 1365, 1369 (Fed. Cir. 2000) (internal citations omitted; emphasis added). 
10 WL. Gore &Assocs., Inc. v. Garlock, Inc., 721 F.2d 1540, 1555 (Fed. Cir. 1983). 
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Perhaps recognizing that a complete refusal to consider Appellant's objective evidence is 

contrary to law, the Examiner also presents a second, inconsistent, theory for discounting this 

evidence. The Examiner states: 

Appellant appears to be under the impression that just because Appellant noticed 
increased adverse events due to iNO therapy in a subpopulation of neonates with 
LVD, which is evidently surprising to the 115+ experts and 5 regulatory 
authorities despite the warnings on the INOmax label, that this is patentable 
subject matter in view of the art as a whole. The Examiner strongly disagrees for 
at least the reasons of record and those presented here. While this finding is 
worthy of publication to inform the public, it does not rise to level of invention 
based on the preponderance of evidence in the art which was known at the time 
of the instant invention. 11 

Notably, the Examiner does not deny that the "115+ experts" described in the Appeal 

Brief12 did, in fact, find the present invention to be surprising. 13 Nor is the Examiner arguing 

that physicians administered inhaled nitric oxide only because they were unaware of the 

INOmax® label and its table listing the rates of various adverse events. Indeed, the Examiner's 

Answer candidly admits that the table of adverse events was certainly known to the experts 

mentioned in Appellant's evidence: "Certainly, all the experts must have been aware of such 

warnings14 [in the table of adverse events in the 2007 INOmax® Insert] and therefore knew 

that iNO therapy carries with it inherent risk of adverse events."15 

Nevertheless, the Examiner persists in the extreme position that all of these experts 

negligently put the lives of children at risk in conducting the INOT 22 study and, more generally, 

that the standard of care applied by the entire medical community with respect to administration 

of inhaled nitric oxide between 1999 (when inhaled nitric oxide was first approved by the FDA) 

11 Examiner's Answer at 17-18 (emphasis added). 
12 Appeal Brief, e.g., at 13, 18-19, and 50-51. 
13 See also Examiner's Answer at 22-23 (citing Dr. Wessel's declaration testimony that he was, as a matter of fact, 
"surprised that children with L VD who are not dependent on right to left shunting would be at increased risk of 
adverse events when administered iNO" but disagreeing with Dr. Wessel because, in the Examiner's opinion 
"[t]here is nothing surprising here."). 
14 Although the Examiner characterizes the adverse events table in the 2007 INOmax® Insert as being a "warning," 
the reference itself does not so characterize it. Instead, the table is in a section titled "ADVERSE REACTIONS." 
A statement classified as a "warning" on a pharmaceutical label would be a far more serious and pointed statement 
of danger. 
15 !d. at 17 (emphasis added). 
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and 2009 (when the FDA added a warning to the INO label to educate doctors about Appellant's 

invention), constituted malpractice. According to the Examiner, all of the world's doctors, 

researchers, and regulatory officials should have read the cited prior art the way he does and 

should have recognized years before Appellant's invention that the Claimed Patient Population 

was at risk of increased adverse events from inhaled nitric oxide. 16 Put another way, to support a 

rejection of obviousness, the Examiner, using hindsight reasoning, claims to have identified 

disclosure within the medical literature that all of the world's doctors, researchers, and regulatory 

officials allegedly missed, and rejects as "not relevant to patentability" all of the evidence 

submitted by Appellant demonstrating that those experts did not read the prior art as the 

Examiner does now. 

As discussed below, it is the Examiner who is misreading the cited references and finding 

in them a warning with respect to the Claimed Patient Population that is simply not there. 

Moreover, the relevance of the Examiner's view as to how those skilled in the art should have 

read the INOmax® label and the other cited references pales beside the evidence of record 

establishing how those skilled in the art did in fact understand that label and the state of the art 

generally. 17 This evidence demonstrates that those skilled in the art did not see any 

particularized warning in the INOmax® label or any other prior art with respect to the Claimed 

Patient Population and did not view the cited references as teaching that inhaled nitric oxide 

therapy should be withheld from that population. The Examiner cannot simply substitute his 

own judgment for that of the 115+ medical experts who clearly did not consider Appellant's 

invention to be obvious. 

B. The Rejection rests on the irrelevant and incorrect theory that the 2007 
INOmax® label renders it obvious to refrain from treating all patients with 
inhaled nitric oxide (regardless how beneficial it might be to them) 

The first reference relied upon by the Examiner is the 2007 INOmax® Insert, the 

prescribing information for INOmax® nitric oxide gas provided in 2007 to physicians. This 

16 !d. at 18. 
17 See, e.g., Wessel Declaration. 
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reference says nothing about L VD or anything else pertinent to the Claimed Patient Population, 

and the Examiner does not assert that it does. Rather, the reference is relied upon for its table 

reporting rates of various adverse events observed in the so-called "CINRGI" clinical trial of 

inhaled nitric oxide-events unconnected to any identified subgroup of neonates. 18 

According to the Examiner, "this teaching" makes it obvious to withhold inhaled nitric 

oxide treatment from all patients in need of the treatment, in order to reduce the risk of all 

adverse events: 

[T]he administration of iNO increases the risk of adverse events in neonates and 
consequently the ordinary artisan understands that by not administering iNO the 
risk of occurrence of adverse events is reduced as shown by the Table above. 19 

Consequently, it is not inventive to reduce the risk or occurrence of one or more 
adverse events associated with iNO therapy by excluding that patient from the 
therapy. In other words: 
No iNO therapy = no risk of adverse events occurring from the iNO 

26 therapy. 

The Examiner's line of reasoning is flawed for two reasons: 

First, even if it were correct, this line of reasoning would prove too much, i.e., it would 

prove that it was obvious to withhold inhaled nitric oxide treatment from all patients. But the 

claims do not call for treatment to be withheld from all patients. Rather, they require that the 

exclusion be deliberately limited to patients that have pre-existing LVD. 

This flaw in the Examiner's reasoning is best illustrated by independent claim 3 7 which 

recites both withholding treatment from a patient who has pre-existing L VD, and administering 

treatment to a second patient who does not have pre-existing LVD. Given the Examiner's 

fundamental assumption that it is obvious to exclude all patients (regardless of their condition) 

from treatment with inhaled nitric oxide in order to avoid all risk of adverse events, it is not at all 

clear why the Examiner also believes that a physician of ordinary skill would have found it 

obvious to discriminate between patients, treating some and not others. 

18 Examiner's Answer at 6. The Examiner's Answer also cites to and quotes from a second study, the NINOS 
study. !d. at 6-7. It is not clear why the Examiner cites to this study, since it found that treatment with inhaled NO 
resulted in fewer deaths than control and, thus, contradicts the Examiner's point. !d. 
19 !d. at 7 (original emphasis omitted). 
20 !d. at 17 (emphasis in the original). 
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Second, the Examiner's contention that it would have been obvious to persons skilled in 

the art to withhold inhaled nitric oxide from all patients fails the logic test and is obviously 

contrary to fact. The claims all specify that the neonate patient is "in need of inhaled nitric oxide 

treatment," which typically means the patient is suffering from acute pulmonary hypertension 

and at risk of dying if that condition is not quickly relieved. A person of ordinary skill in the art 

would of course take the patient's need for this potentially lifesaving treatment into account 

when deciding whether to treat these very ill neonates or to refrain from doing so because of a 

desire to eliminate all risk of the relatively minor adverse events listed in the 2007 INOmax® 

Insert. In weighing and balancing the risks and benefits of inhaled nitric oxide, persons of skill 

in the art would certainly consider the disclosure in the 2007 INOmax® Insert that fewer 

neonates with hypoxic respiratory failure in the NINOS trial who were treated with inhaled nitric 

oxide died, compared with those given a control treatment:21 i.e., inhaled nitric oxide improved 

survival of these very ill newborns. They would also consider the 2007 INOmax® Insert's 

disclosure that inhaled nitric oxide treatment reduces the need to place patients on ECMO to save 

their lives, with its attendant trauma and risk.22 Given the significant benefits of inhaled nitric 

oxide to patients in need of such treatment, it is not fair to conclude that a doctor treating a 

patient would consider it obvious to withhold this lifesaving, ECMO-sparing therapy from all 

patients merely because the therapy was at some point reported to be associated with a slightly 

increased rate of an adverse event.23 This is evident from the fact that real world doctors do 

administer inhaled nitric oxide to patients, despite the risks identified in the INOmax® label. 

Accordingly, the Examiner's sweeping and conclusory statement that it would have been 

obvious to withhold nitric oxide therapy from all patients in order to decrease the risk of adverse 

events is simply incorrect.24 

21 !d. at 6. 
22 2007 INOmax® Insert at 1, column 2 (disclosing data from the NINOS and CINRGI studies proving that 
treatment with inhaled nitric oxide significantly reduces the need to resort to what had been the standard treatment 
for life-threatening pulmonary hypertension in neonates, extracorporeal membrane oxygenation, or "ECMO," a 
highly invasive procedure in which blood is pumped out ofthe body and oxygenated by a machine). 
23 Appeal Brief at 49. 
24 Examiner's Answer at 26. 
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Appellant realizes that the Examiner's obviousness rejection is based on multiple 

references, not just the 2007 INOmax® Insert. However, a fundamental basis for the rejection 

appears to be the Examiner's assumption that the disclosures in the 2007 INOmax® Insert make 

it obvious to exclude all patients from treatment with inhaled nitric oxide, regardless of what 

conditions they may have, and regardless of how desperately they need the treatment to survive. 

See, e.g., the Final Office Action dated August 24, 2011 (the "Final Office Action"), which 

(tellingly) asserts: 

In other words, it does not matter if the neonate has a foot fungus, is polydactyly 
or has pre-existing left ventricular dysfunction because the risk of occurrence of 
adverse events from iNO therapy will be reduced if the patient is excluded from 
iNO therapy. 25 

It cannot, of course, be disputed that one sure way to avoid all adverse events from 

inhaled nitric oxide (or any drug) is to withhold all treatment of that drug. But that fact does not 

make it obvious to withhold the drug from patients "in need of' such treatment and, in any event, 

has no bearing whatsoever on the patentability of the present claims. 

C. The Examiner's reliance on the Atz & Wessel reference is contrary to both 
law and fact 

The dispute between Appellant and the Examiner with respect to the Atz & Wessel 

reference centers on one paragraph, found at page 452, left column of that reference. 26 At 

pages 29-37 of the Appeal Brief, Appellant discusses this paragraph at length and explains how it 

relates exclusively to two particular patient populations that are not the subject of the present 

claims. These are (i) adults with ischemic cardiomyopathy who may experience pulmonary 

edema when nitric oxide relieves their pulmonary hypertension (referred to in the Appeal Brief 

as the Adult Population); and (ii) newborns who exhibit a simultaneous combination of the 

following three conditions: severe LVD, predominantly left-to-right shunting at the foramen 

ovale, and exclusively right-to-left shunting at the ductus arteriosus. The Appeal Brief further 

25 Final Office Action at 13. 
26 Andrew M. Atz & David L. Wessel, Inhaled Nitric Oxide in the Neonate with Cardiac Disease, 21 Seminars in 
Perinatology 441, 452 (Harvard Medical School1997). 
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explains in detail how the physiology of each of these two patient populations is entirely distinct 

from that of the Claimed Patient Population and why the known risks of adverse events in these 

two patient populations would not lead one of ordinary skill in the art to predict similar adverse 

events in the Claimed Patient Population.Z7 

Based on the Examiner's Answer, it does not appear that the Examiner disputes 

Appellant's position with respect to those parts of the cited Atz & Wessel paragraph that relate to 

the adult population. The Examiner does, however, sharply disagree with Appellant's views 

concerning the remainder of this paragraph. According to the Examiner: 

Applicant interprets that the "caution" of the reference is explicitly limited to 
neonates who present with a combination of three conditions. Respectfully, the 
Examiner cannot agree to this narrow interpretation of the reference. The left 
ventricular dysfunction of the newborn is predominantly left to right shunting at 
the foramen ovale and exclusively right-to-left shunting at the ductus arteriosus. 
Thus, the plain and ordinary meaning of the previous sentence is: mostly or 
mainly are left to right shunting at the foramen ovale and limited to right to left 
shunting at the ductus arteriosus. The Examiner does not see how the newborn 
has to have 3 conditions when only two conditions are discussed which appear to 
be exclusive of one another. In other words, if the newborn has right to left 
shunting at the ductus arteriosus that does not necessarily mean the newborn has 
to also have left to right shunting at the foramen ovale. In any event, the previous 
teaching that: "Caution should be exercised when administering NO to patients 
with severe left ventricular dysfunction and pulmonary hypertension." (pa~e 452, 
left column) trumps all else as patients includes both adults and neonates? 

Thus, the Examiner rejects Appellant's explanation of Atz & Wessel on two grounds. 

First, the Examiner reads the part of the reference that concerns newborns as disclosing what he 

(incorrectly) interprets to be two independently-occurring forms of left ventricular dysfunction, 

"predominantly left-to-right shunting at the foramen ovale" and "exclusively right-to-left 

shunting at the ductus arteriosus," and as cautioning against the administration of inhaled nitric 

oxide to patients with either form. 29 Second, the Examiner contends that the above-quoted 

paragraph's broad introductory sentence (i.e., "Caution should be exercised when administering 

27 Appeal Brief at 29-34. 
28 !d. at 21 (emphasis in original). 
29 !d. ("The left ventricular dysfunction of the newborn is predominantly left to right shunting at the foramen ovale 
and exclusively right-to-left shunting at the ductus arteriosus;" "only two conditions are discussed [in the above
quoted sentence]" (emphasis added)) 
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nitric oxide to patients with severe left ventricular dysfunction and pulmonary hypertension") 

would have been understood by those skilled in the art as a general warning that inhaled nitric 

oxide should be used with caution in all patients suffering from left ventricular dysfunction. As 

discussed below, the Examiner's first argument is wrong as a matter of fact and his second 

argument is wrong as both a matter of law and fact. 

(a) The Examiner's interpretation of Atz & Wessel's disclosure concerning 

newborns is wrong as matter of fact. The Examiner's contention that Atz & Wessel's 

disclosure concerning newborns is directed to all newborns with L VD is wrong for at least the 

following five reasons: 

First, the plain meaning of the above-quoted language from Atz & Wessel contradicts the 

Examiner's view and is consistent with that of Appellant. For example, the reference states: 

Therefore, in newborns with severe left ventricular dysfunction, predominantly 
left to right shunting at the foramen ovale and exclusively right to left shunting at 
the ductus arteriosus, NO should be used with extreme caution, if at all?0 

Note the emphasized word "and" in the quoted sentence. Choice of this conjunction 

rather than "or" demonstrates that Atz & Wessel is saying it is the combination of all three 

conditions that results in the newborns' dependence on the right-to-left shunt at the ductus 

arteriosus and leaves the newborns at risk of systemic collapse when treated with inhaled nitric 

oxide. Furthermore, the "therefore" at the beginning of this sentence links (a) the caution 

expressed for patients with this combination of three conditions to (b) the problems outlined in 

the preceding two sentences: i.e., that these patients rely on their right-to-left shunt to maintain 

systemic circulation and that selective vasodilation caused by inhaled nitric oxide may impair 

that circulation in a newborn who has the combination of all three conditions, which together 

result in a circulatory system dependent on the right-to-left shunt at the ductus arteriosus. Thus, 

as Atz & Wessel clearly explains, the crux of the inhaled nitric-oxide-treatment problem for 

these neonates is not the risk of harmfully augmenting preload in the dysfunctional left ventricle 

and thereby triggering pulmonary edema (as seen in adults with the adult form ofLVD), but 

30 Atz & Wessel at 452 (emphasis added). 
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rather is the neonates' precarious dependence on the right-to-left shunt across the patent ductus 

arteriosus, a shunt that is maintained only as long as the lungs remain vasoconstricted. Using 

inhaled nitric oxide to dilate the pulmonary vasculature in this set of neonates may redirect the 

flow of blood to the lungs and away from the ductus arteriosus, reducing the right-to-left 

shunting of blood on which their systemic circulation relies? 1 This can result in systemic 

collapse and death. 

That Atz & Wessel are referring to a single subpopulation of newborns is further 

confirmed by the paragraph's final sentence which states: 

We and others have reported adverse outcomes in this circumstance. 32 

Note the phrasing "in this circumstance." The "circumstance" to which the sentence 

refers is, of course, the circumstance described in the preceding sentence, i.e., when a newborn 

who has the combination of all three conditions (and so whose systemic circulation is dependent 

on maintaining the right-to-left shunt at the ductus arteriosus) is treated with inhaled nitric oxide 

and suffers an adverse outcome (i.e., collapse of systemic circulation) as a result. If Atz and 

Wessel had intended to communicate that adverse outcomes were observed in neonates who 

have any one or two of the three conditions (i.e., in multiple possible circumstances), they would 

not have used the singular term "this circumstance." 

Second, The Examiner's reading of Atz & Wessel is contradicted by declaration 

testimony from that reference's senior author: Dr. David Wessel. Dr. Wessel was so disturbed 

by what he viewed as the Examiner's misinterpretation of his article as encompassing all L VD 

patients that he provided a declaration to clarify the record regarding what was known in the art 

and communicated by his article. As explained by Dr. Wessel: 

Neither the Atz et al. article that I co-authored [i.e., Atz & Wessel], nor the 
medical literature or medical experience of which I was aware at the time, predict 
this risk [i.e., that a child with L VD who is not dependent on right-to-left 
shunting of blood would be at particular risk when treated with inhaled nitric 
oxide]. Instead, Atz et al. describes two distinct, independent precautions with 
respect to the use of iNO. First, with respect to adults, Atz et al. stated that iNO 
may be more effective in newborns than in older patients, and noted that it should 

31 Appeal Brief at 33-34; see also Examiner's Answer at 22. 
32 Atz & Wessel at 452 (emphasis added). 
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be used with caution in adults with ischemic cardiomyopathy in whom a risk of 
pulmonary edema is a consideration (see page 452, left column). Second, with 
respect to neonates, we stated the well-known contraindication (currently found 
in the INOMAX® prescribing information) that iNO should not be used in 
newborns dependent upon right-to-left shunting of blood across a patent ductus 
arteriosus to avoid circulatory collapse. What we did not disclose or predict was 
that neonatal patients with left ventricular dysfunction who are not dependent on 
right-to-left shunting of blood would be at greater risk of adverse events?3 

Third, Appellant's understanding of Atz & Wessel is confirmed by the fact that the sole 

contraindication or other warning appearing on the INOMax® product insert prior to the present 

invention is limited to the Shunt-Reliant Population: "INOmax should not be used in the 

treatment of neonates known to be dependent on right-to-left shunting ofblood."34 If Atz & 

Wessel had in 1997 described a risk to neonates other than the Shunt-Reliant Population, this 

additional risk would have been made explicit on the product insert long before the point when it 

was actually added (in 2009, in response to Appellant's invention).35 

Fourth, the Examiner is simply wrong in his apparent assumptions that "predominantly 

left-to-right shunting at the foramen ovale" and "exclusively right-to-left shunting at the ductus 

arteriosus" are different examples of L VD and that these two conditions are "exclusive of each 

other." That his assumption that they are forms of L VD is in error is evident from the fact that 

neither the foramen ovale nor the ductus arteriosus is part of the left ventricle. As explained in 

the Appeal Brief, L VD in a newborn means the infant has a soft, overly elastic left ventricle that 

cannot push blood out, resulting in impaired emptying. 36 In contrast, the two "shunting" 

conditions mentioned by Atz & Wessel involve structures of the heart separate from the left 

ventricle, and cannot in any way be characterized as forms ofLVD. The foramen ovale is a hole 

between the left atrium and right atrium of the heart that, when it remains abnormally open after 

birth, permits blood to flow ("shunt") between the two atria. 37 The ductus arteriosus is a 

33 Wessel Declaration~ 7 (emphasis in original). 
34 2007 INOMax® Insert at 2, column 1 ("Contraindications"). The risk to the Adult Population is not addressed 
on the product insert because the only FDA-approved indication is in neonates. 
35 Appeal Brief at 22-23. 
36 !d. at 30. 
37 !d. at 33. 
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passageway between the right atrium and the systemic circulation that, when it remains 

abnormally open after birth, permits blood to flow ("shunt") from the right atrium directly into 

the systemic circulation associated with the left side of the heart. 38 The particular foramen ovale 

condition mentioned in Atz & Wessel involves a flow ofblood through the foramen ovale 

predominantly from the left atrium to the right atrium (i.e., "predominantly left to right"). The 

ductus arteriosus condition mentioned in the reference involves shunting through the ductus 

arteriosus that is exclusively in one direction, from the right atrium to the systemic circulation on 

the left side of the heart (i.e., "exclusively right to left"). Contrary to the Examiner's position, 

neither shunting condition is a form of L VD. Furthermore, the two shunting conditions are not 

"exclusive of each other." To the contrary, they can and do co-exist, such as in neonates of the 

Shunt-Reliant Population. As explained in the Appeal Brief at pages 18-19, the two shunts can 

work in tandem in the Shunt-Reliant Population to create a flow ofblood from the left atrium to 

the right atrium through the foramen ovale, and then from the right atrium to the systemic 

circulation through the ductus arteriosus. 

Fifth, Appellant's interpretation of Atz & Wessel is fully consistent with and confirmed 

by the detailed technical description of the relevant physiology provided in the Appeal Brief at 

pages 32-34. The Examiner's Answer responded to Appellant's technical description of the 

physiology of the Shunt Reliant Population with the remark, "The Examiner does not dispute the 

physiology."39 However, the Examiner's Answer does not explain why the distinct physiology 

of the Shunt-Reliant Population did not inform the Examiner's interpretation of Atz & Wessel, 

nor compel withdrawal of the rejection. 

For all of the above reasons, the Examiner's interpretation of Atz & Wessel as issuing a 

"caution" for all neonates who have severe L VD (an interpretation that permeates the entire 

Examiner's Answer) is not supported by the facts. Rather, the "caution" regarding newborns 

expressed by Atz & Wessel relates solely to those presenting with a combination of all three of 

the listed conditions. Such newborns are reliant for survival on their right-to-left shunt through 

38 !d. 
39 Examiner's Answer at 21. 
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the ductus arteriosus, and so correspond to the "Shunt-Reliant Population" that is excluded from 

the present claims. 

(b) The Examiner's attempt to improperly read one sentence of Atz & Wessel's 

disclosure out of context is contrary to law and fact. As noted above, the Examiner takes the 

position that, regardless of how one interprets Atz & Wessel's disclosure concerning newborns, 

Appellant's claims are nevertheless rendered obvious by that reference because the lead-in 

sentence that Atz & Wessel uses to introduce a more specific discussion of that population and 

the Adult Population refers generally to patients with L VD, so "trumps" all else in the reference. 

This position is contrary to both law and fact. 

It is black letter law that a reference must be considered in its entirety. 40 "It is 

impermissible within the framework of section 103 to pick and choose from any one reference 

only so much of it as will support a given position to the exclusion of other parts necessary to the 

full appreciation of what such reference fairly suggests to one skilled in the art."41 

This black letter law is inconsistent with the Examiner's assertion that one particular 

sentence, taken out of the context that explains it, "trumps all else."42 The Examiner is not 

permitted to dismiss all of the teachings of Atz & Wessel that are inconsistent with his "fact 

finding" as somehow being irrelevant to the question of obviousness. As demonstrated above, a 

careful reading of Atz & Wessel's entire disclosure from the perspective of persons skilled in the 

art demonstrates that this one sentence would not be (and was not) understood as "trumping all 

else" in the reference and thereby teaching those skilled in the art to withhold inhaled nitric oxide 

treatment from all neonates with LVD. 

40 Bausch & Lomb, Inc. v. Barnes-Hind!Hydrocurve, Inc., 796 F.2d 443, 448 (Fed. Cir. 1986) (quoting In re 
Wesslau, 353 F.2d 238, 241 (C.C.P.A. 1965); Medicis Pharm. Corp. v. Acella Pharms. Inc., 2011 WL 5321007 at 
*5 n.2 (D. Ariz. Nov. 3, 2011) ("The Court should consider prior art references as a whole to determine their 
teachings.") (citing Bausch & Lomb, 796 F.2d at 448-49); Armament Sys. & Procs., Inc. v. Monadnock Lifetime 
Prods., Inc., 1998 WL 537746 at *8 (Fed. Cir. 1998) ("a reference must be considered as a whole, including the 
portions that argue against or teach away from the claimed invention.") (citing Bausch & Lomb, 796 F.2d at 448); 
Westek Assocs. v. Tri-Lite Elecs., Inc., 722 F.Supp. 474, 481 (N.D. Ill. 1989) (same, quoting Bausch & Lomb, 796 
F.2d at 448); In re Halley, 296 F.2d 774, 778 (C.C.P.A. 1961) ("it is proper for this court to study the whole of the 
various references in the record"). 
41 Bausch & Lomb, 796 F.2d at 448 (quoting In re Wesslau, 353 F.2d at 241. 
42 Examiner's Answer at 21. 
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To the contrary, given the fact that inhaled nitric oxide is a life-saving drug with the 

potential to spare one's neonate patients a highly invasive alternative treatment such as ECMO, 

one of skill in the art who is intent on determining who is and isn't at risk from inhaled nitric 

oxide treatment would have reviewed the entire Atz & Wessel reference very carefully to ensure 

that he or she understood exactly what populations Atz & Wessel were addressing so that inhaled 

nitric oxide therapy would not be withheld unnecessarily from patients who "are in need of 

treatment." 

As a factual matter, Appellant has already demonstrated beyond any shred of doubt that 

those skilled in the art did not understand the broad introductory sentence relied on by the 

Examiner as a general caution relating to all patients with LVD. The unrebutted record evidence 

supporting this conclusion includes the 2007 INOmax® insert, whose warning with respect to 

neonates was directed only to those dependent on a right-to-left shunt, and declaration testimony 

regarding the behavior of expert physicians in designing a clinical protocol for inhaled nitric 

oxide years after Atz & Wessel was published. 

It is telling that the Examiner has provided no factual evidence whatsoever to indicate 

that those of ordinary skill in the art actually interpreted Atz & Wessel's caution as applying to 

all neonates with LVD. Given the importance of safety considerations to physicians who treat 

neonates, one would suppose that a discovery that inhaled nitric oxide is dangerous to all 

neonates with L VD would have been pointedly discussed in the literature, or at least mentioned 

on the product insert for the INOmax® product, within a short time after the Atz & Wessel 

review appeared in print (in 1997), and would have been taken into account when the 2004 

INOT 22 clinical trial protocol for inhaled nitric oxide was designed.43 

Further, if Atz & Wessel had indeed intended to communicate that all patients with L VD 

were at heightened risk from inhaled nitric oxide treatment, this reference would have explained 

why neonates who have LVD but are not dependent on a right-to-left shunt at the ductus 

arteriosus are at risk, rather than focusing solely on two other populations: adults with LVD and 

neonates who are dependent on the right-to-left shunt. The Examiner does not explain why a 

43 Appeal Brief at 10-14. 
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single sentence of Atz & Wessel, taken out of context, "trumps" not only all the rest of the 

reference and all of the evidence of record, but also common sense. 

D. The Examiner's reliance on Kinsella et al. and Lob et al. is without merit 

The Examiner's arguments with respect to the Kinsella et al. and Loh et al. references are 

the same in the Examiner's Answer as in the Final Office Action and are fully addressed by 

Appellant in the Appeal Brief. Appellant respectfully directs the Board to pages 37-42 of the 

Appeal Brief for a discussion of those references. 

CONCLUSION 

As discussed above and in the Appeal Brief, the Examiner's obviousness rejection in this 

case rests on a number of factual and legal errors. In view of these specific errors of fact and 

law, Appellant respectfully urges the Board to reverse the Examiner's obviousness rejection. 

A revised Claims Appendix is attached. 

A request for an oral hearing is being submitted separately. 

Please apply any necessary charges or credits to Deposit Account 06-1050, referencing 

the above attorney docket number. 

Date: December 16, 2011 

Customer Number 94169 
Fish & Richardson P.C. 
Telephone: (617) 542-5070 
Facsimile: (877) 769-7945 

22759110.docx 

Respectfully submitted, 

/Janis K. Fraser/ 
Janis K. Fraser, Ph.D., J.D. 
Reg. No. 34,819 
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(viii) Claims Appendix (Revised) 

The claims below are identical to those in the Claims Appendix appended to the Appeal 

Brief, except that the designations have been changed from "New" to "Previously presented." 

1.-27. (Canceled) 

28. (Previously presented) A method of reducing the risk of occurrence, in a term or 

near-term neonate patient, of one or more adverse events or serious adverse events associated 

with a medical treatment comprising inhalation of nitric oxide gas, said method comprising: 

(a) identifying a term or near-term neonate patient in need of inhaled nitric oxide 

treatment, wherein the patient is not known to be dependent on right-to-left shunting of blood; 

(b) determining that the patient identified in (a) has pre-existing left ventricular 

dysfunction; and 

(c) excluding the patient from inhaled nitric oxide treatment based on the 

determination that the patient has pre-existing left ventricular dysfunction. 

29. (Previously presented) The method of claim 28, wherein the patient has 

pulmonary hypertension. 

30. (Previously presented) The method of claim 28, wherein the patient has a 

pulmonary capillary wedge pressure that is greater than or equal to 20 mm Hg. 

31. (Previously presented) The method of claim 28, wherein the patient is a term 

neonate. 
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32. (Previously presented) A method of reducing the risk of occurrence, in a term or 

near-term neonate patient, of one or more adverse events or serious adverse events associated 

with a medical treatment comprising inhalation of nitric oxide gas, said method comprising: 

(a) identifying a term or near-term neonate patient in need of inhaled nitric oxide 

treatment, wherein the patient is not known to be dependent on right-to-left shunting of blood; 

(b) determining by diagnostic screening that the patient identified in (a) has pre-

existing left ventricular dysfunction; and 

(c) excluding the patient from treatment with inhaled nitric oxide based on the 

determination that the patient has pre-existing left ventricular dysfunction. 

33. (Previously presented) The method of claim 32, wherein the diagnostic screening 

comprises echocardiography. 

34. (Previously presented) The method of claim 32, wherein the patient has 

pulmonary hypertension. 

35. (Previously presented) The method of claim 32, wherein the patient has a 

pulmonary capillary wedge pressure that is greater than or equal to 20 mm Hg. 

36. (Previously presented) The method of claim 32, wherein the patient is a term 

neonate. 
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3 7. (Previously presented) A method of reducing the risk of occurrence, in a plurality 

of term or near-term neonate patients, of one or more adverse events or serious adverse events 

associated with medical treatment comprising inhalation of nitric oxide gas, said method 

compnsmg: 

(a) identifying a plurality of term or near-term neonate patients who are in need of 

inhaled nitric oxide treatment, wherein the patients are not known to be dependent on right-to

left shunting of blood; 

(b) determining that a first patient of the plurality has pre-existing left ventricular 

dysfunction and a second patient of the plurality does not; 

(c) administering the inhaled nitric oxide treatment to the second patient; and 

(d) excluding the first patient from treatment with inhaled nitric oxide, based on the 

determination that the first patient has pre-existing left ventricular dysfunction. 

38. (Previously presented) The method of claim 37, wherein the first and second 

patients have pulmonary hypertension. 

39. (Previously presented) The method of claim 37, wherein the second patient has 

congenital heart disease. 

40. (Previously presented) The method of claim 37, wherein the first patient has a 

pulmonary capillary wedge pressure that is greater than or equal to 20 mm Hg. 

41. (Previously presented) The method of claim 3 7, wherein the first and second 

patients are term neonates. 

42. (Previously presented) The method of claim 3 7, wherein determining that the 

first patient of the plurality has pre-existing left ventricular dysfunction and the second patient of 

the plurality does not have pre-existing left ventricular dysfunction comprises diagnostic 

screemng. 
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SUPPLEMENT TO THE REPLY BRIEF 

On December 16, 2011, Appellant filed a Reply Brief in response to the Examiner's 

Answer dated November 1, 2011. Following submission of that Reply Brief, Appellant became 

aware that the technical description of neonatal cardiac physiology provided on pages 14-15 of 

the Reply Brief, and similarly on pages 33-34 of the Appeal Brief filed October 4, 2011, was not 

entirely accurate. Although the discrepancy does not in any way affect the arguments provided 

in the Appeal Brief and Reply Brief, Appellant wishes to clarify the record to prevent possible 

confusion. 

The text at issue concerns the description of a neonatal cardiac structure referred to as 

the "ductus arteriosus," which was originally described in the Reply Brief and Appeal Brief as 

being a passageway between the right atrium and the systemic circulation, when in fact it is 

between the pulmonary artery and the systemic circulation. 

The affected text from the Reply Brief filed December 16, 2011, begins with the last 

(partial) sentence on page 14 ("The ductus arteriosus is a ... ") and ends at the end of the first 

paragraph on page 15. The corrected version follows. 
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The ductus arteriosus is a passageway between the pulmonary artery exiting the right 
ventricle and the systemic circulation that, when it remains abnormally open after birth, 
permits blood to flow ("shunt") from the right heart directly into the systemic circulation, 
bypassing the left side of the heart. The particular foramen ovale condition mentioned in 
Atz & Wessel involves a flow ofblood through the foramen ovale predominantly from 
the left atrium to the right atrium (i.e., "predominantly left to right"). The ductus 
arteriosus condition mentioned in the reference involves shunting through the ductus 

arteriosus that is exclusively in one direction, from the pulmonary artery exiting the right 
side of the heart directly into the systemic circulation exiting the left side of the heart 
(i.e., "exclusively right to left"). Contrary to the Examiner's position, neither shunting 
condition is a form ofLVD. Furthermore, the two shunting conditions are not "exclusive 
of each other." To the contrary, they can and do co-exist, such as in neonates of the 
Shunt-Reliant Population. As explained in the Appeal Brief at pages 33-34, the two 
shunts can work in tandem in the Shunt-Reliant Population to create a flow of blood from 
the left atrium to the right atrium through the foramen ovale, and then from the right 
atrium through the right ventricle, which pumps the blood on into the pulmonary artery 

and from there through the open ductus arteriosus to the systemic circulation. 

The affected text from the Appeal Brief filed October 4, 2011, begins at page 33, 

line 12, and ends at page 34, line 6. The corrected text is as follows: 

The First Greene Declaration explains that this condition occurs in neonates who have a 
particular combination of congenital conditions including, in addition to pulmonary 
hypertension: (a) an open (or "patent") ductus arteriosus (a passageway between the 
pulmonary artery exiting the right ventricle of the heart and the systemic circulation that 
is supposed to close at birth, when it is no longer needed); (b) a patent foramen ovale (a 

hole between the right and left atria that, like the ductus arteriosus, is supposed to close 
shortly after birth, when it is no longer needed); and (c) a dysfunctional left ventricle that 
is unable to handle its usual role of pumping blood through the systemic circulation. As 
noted by Dr. Greene, the pulmonary hypertension and resulting high vascular resistance 
in the lungs of these infants means that the blood pressure in the right side of the heart is 
kept abnormally high. This forces blood from the pulmonary artery through the still
patent ductus arteriosus and directly into the systemic circulation, a situation known as 
"right-to-left shunting ofblood." This blood entering the systemic circulation from the 
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pulmonary artery (via the ductus arteriosus) is partially oxygenated by virtue of 
oxygenated blood leaking through the patent foramen ovale from the left to the right 
atrium and mixing with the deoxygenated blood normally in the right atrium. Because 
the dysfunctional left ventricle in these patients is not able to supply the systemic 
circulation with blood, the patients end up relying on this abnormal right-to-left shunting 
ofblood to keep a life-sustaining level of partially oxygenated blood flowing through 
their systemic circulation. If the right-to-left shunt ceases for any reason, and there is no 

compensating mechanism to supply blood to the systemic circulation, the result would be 
catastrophic: total systemic circulatory collapse-and death. In these infants, reducing 
pulmonary hypertension by treatment with inhaled nitric oxide will redirect blood flow 
into the lungs and away from the ductus arteriosus, cutting off the right-to-left shunt on 
which the patient desperately depends for survival. 

Appellant apologizes for the technically inaccurate descriptions provided in the Appeal Brief and 

Reply Brief as filed. 

The deadline for filing a Reply to the Examiner's Answer in this appeal is January 3, 

2012 (January 1 and 2, 2012, being a Sunday and a Federal holiday, respectively). This 

Supplement to the Reply Brief is therefore being filed via EFS prior to that deadline. 

Any necessary charges may be applied to Deposit Account 06-1050, referencing the 

above attorney docket number. 

Date: January 3, 2012 

Customer Number 94169 
Fish & Richardson P.C. 
Telephone: (617) 542-5070 
Facsimile: (877) 769-7945 

22766597.doc 

Respectfully submitted, 

/Janis K. Fraser/ 
Janis K. Fraser, Ph.D., J.D. 
Reg. No. 34,819 
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and Interferences for decision on the appeal. 
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Primary Examiner, Art Unit 1613 
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United States Patent and Trademark Office 
Under Secretary of Commerce for Intellectual Property and 

Director of the United States Patent and Trademark Office 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
www. us p to. go v 

FISH & RICHARDSON PC 
P.O.BOX 1022 
MINNEAPOLIS, MN 55440 

Appeal No: 2012-003574 
Application: 12/820,866 
Appellant: James S. Baldassarre et al. 

Board of Patent Appeals and Interferences 
Docketing Notice 

Application 12/820,866 was received from the Technology Center at the Board on January 09, 
2012 and has been assigned Appeal No: 2012-003574. 

In all future communications regarding this appeal, please include both the application number 
and the appeal number. 

The mailing address for the Board is: 

BOARD OF PATENT APPEALS AND INTERFERENCES 
UNITED STATES PATENT AND TRADEMARK OFFICE 

P.O. BOX 1450 
ALEXANDRIA, VIRGINIA 22313-1450 

The facsimile number of the Board is 571-273-0052. Because of the heightened security in the 
Washington D.C. area, facsimile communications are recommended. Telephone inquiries can be 
made by calling 571-272-9797 and referencing the appeal number listed above. 

By order of the Board of Patent Appeals and Interferences. 
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Attorney Docket No.: 26047-0003002 I 3000-US-0008CON 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 
Serial No. 
Filed 

James S. Baldassarre et al. 
12/820,866 

Art Unit 
Examiner 
Conf. No. 

1613 
Ernst V. Arnold 
2913 June 22, 2010 

Title METHODS OF TREATING TERM AND NEAR-TERM NEONATES HAVING 
HYPOXIC RESPIRATORY FAILURE ASSOCIATED WITH CLINICAL OR 
ECHOCARDIOGRAPHIC EVIDENCE OF PULMONARY HYPERTENSION 

Mail Stop Express Abandonment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-14 50 

EXPRESS ABANDONMENT UNDER 37 CFR §1.138 

Applicant hereby expressly abandons application serial number 12/820,866, filed 

June 22, 2010, in favor of copending application serial number 13/651,660, filed October 15, 

2012, which is directed to the same subject matter. This abandonment is made without prejudice 

and is not intended as an abandonment of the subject matter disclosed and claimed in this 

application. 

Apply any necessary charges or credits to Deposit Account 06-1050, referencing the 

above attorney docket number. 

Date: December 3, 2012 

Customer Number 94169 
Fish & Richardson P.C. 
Telephone: (617) 542-5070 
Facsimile: (877) 769-7945 

22927229.doc 

Respectfully submitted, 

/Janis K. Fraser/ 
Janis K. Fraser, Ph.D., J.D. 
Reg. No. 34,819 

CERTIFICATE OF (A) MAILING BY FIRST CLASS MAIL OR (B) TRANSMISSION 
I hereby certifY under 37 CFR §1.8(a) that this correspondence is either (A) addressed as set out in 
37 CFR §l.l(a) and being deposited with the United States Postal Service as first class mail with 
sufficient postage, or (B) being transmitted by facsimile in accordance with 37 CFR § 1.6(d) or via 
the Office electronic filing system in accordance with 37 CFR § 1.6(a)(4), on the date indicated 
below. 
December 3, 2012 

Date of Deposit or Transmission 
/Nancy Bechet/ 

Signature 
Nancy Bechet 

Typed or Printed Name of Person Signing Certificate 

Ex. 2007-1264



Electronic Acknowledgement Receipt 

EFSID: 14367117 
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ECHOCARDIOGRAPHIC EVIDENCE OF PULMONARY HYPERTENSION 

First Named Inventor/Applicant Name: James S. Baldassarre 

Customer Number: 94169 
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Filer Authorized By: Janis K. Fraser 

Attorney Docket Number: 26047-0003002 
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TimeStamp: 14:58:24 

Application Type: Utility under 35 USC 111 (a) 
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File Listing: 
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Total Files Size (in bytes) 67912 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 0), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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FIRST NAMED INVENTOR 

James S. Baldassarre 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
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ATTORNEY DOCKET NO. CONFIRMATION NO. 

2604 7-0003002 2913 

EXAMINER 
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ART UNIT PAPER NUMBER 

1613 

MAIL DATE DELIVERY MODE 

12/17/2012 PAPER 

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

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

PTOL-90A (Rev. 04/07) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE PATENT TRIAL AND APPEAL BOARD 

Ex parte JAMES S. BALDASSARRE and RALF ROSSKAMP 

Appeal2012-003574 
Application 12/820,866 
Technology Center 1600 

Before KIMBERLY R. JORDAN, Division 1 Support Administrator. 

ORDER DISMISSING APPEAL 

On September 1, 2011, Appellants filed a Notice of Appeal. On 

December 3, 2012, Appellants filed a communication requesting express 

abandonment of the application. The request for express abandonment will 

be treated as a request to withdraw the appeal. 

Accordingly, the appeal in this application is dismissed. 

The application is being returned to the Examiner for further action as 

may be appropriate. 
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Appeal2012-003574 
Application 12/820,866 

If there are any questions pertaining to this Order, please contact the 

Patent Trial and Appeal Board at 571-272-9797. 

lp 
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' . 
Application No. Applicant(&) 

James S. Baldassarre, et al 12/820,866 Notice of Abandonment Examiner Art Unit 

Ernst Arnold 1613 

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

This application is abandoned in view of: 

1. D Applicant's failure to timely file a proper reply to the Office letter mailed on __ . 
(a) 0 A reply was received on __ (with a Certificate of Mailing or Transmission dated __ ), which is after the expiration of the 

period for reply (including a total extension of time of __ month(s)) which expired on __ . 

(b) D A proposed reply was received on __ , but it does not constitute a proper reply under 37 CFR 1.113 (a) to the final rejection. 

(A proper reply under 37 CFR 1.113 to a final rejection consists only of: ( 1) a timely filed amendment which places the 
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for 
Continued Examination (ACE) in compliance with 37 CFR 1.114). 

(c) D A reply was received on but it does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non-
final rejection. See 37 CFR 1.85(a) and 1.111. (See explanation in box 7 below). 

(d) D No reply has been received. 

2. D Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months 
from the mailing date ()f the Notice of Allowance (PTOL-85). 

(a) D The issue fee and publication fee, if applicable, was received on (with a Certificate of Mailing or Transmission dated 
__ J), which is after the expiration of the statutory period for payment of the issue fee (and publication fee) set in the Notice of 
Allowance (PTOL-85). 

(b) D The submitted fee of$ __ is insufficient. A balance of$ is due. 

The issue fee required by 37 CFR 1.18 is$ __ . The publication fee, if required by 37 CFR 1.18(d), is$ __ . 

(c) D The issue fee and publication fee, if applicable, has not been received. 

3.0 Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the Notice of 
Allowability (PT0-37). 

(a) D Proposed corrected drawings were received on __ (with a Certificate of Mailing or Transmission dated _), which is 
after the expiration of the period for reply. 

(b) D No corrected drawings have been received. 

4. 181 The letter of express abandonment which is signed by the attorney or agent of record, the assignee of the entire interest, or all of 
the applicants. 

5. D The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR 
1.34(a)) upon the filing of a continuing application. 

6. D The decision by the Board of Patent Appeals and Interference rendered on __ and because the period for seeking court review 
of the decision has expired and there are no allowed claims. 

7. D The reason(s) below: 

Betty J. Powell 
Office of Data Managerment 
571-272-8665 

Petitions to revive under 37 CFR 1.137(a) or (b), or requests to withdraw the holding of abandonment under 37 CFR 1.181, should be promptly filed to 
minimize any negative effects on patent term. 

U.S. Patent and Trademark Office 

PTOL-1432 (Rev. 04-01) Notice of Abandonment Part of Paper No. 
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