Journal of the American College of Cardiology Vol. 37, No. 5, 2001
© 2001 by the American College of Cardiology ISSN 0735-1097/01/$20.00
Published by Elsevier Science Inc.

PII S0735-1097(01)01272-4
32nd Bethesda Conference:

“Care of the Adult With Congenital Heart Disease”
October 2-3, 2000




Journal of the American College of Cardiology
© 2001 by the American College of Cardiology
Published by Elsevier Science Inc.

Vol. 37, No. 5, 2001
ISSN 0735-1097/01/$20.00
PII S0735-1097(01)01272-4

BETHESDA CONFERENCE REPORT

32nd Bethesda Conference:
“Care of the Adult With Congenital Heart Disease™

Gary D. Webb, MD, FACC, Conférence Co-Chair
Roberta G. Williams, MD, FACC, Conference Co-Chair

This Conference, sponsored by the American College of Cardiology, was held at Heart
House, Bethesda, Maryland, October 2-3, 2000.

HUGH D. ALLEN, MD, FACC
Chief, Pediatric Cardiology
Physician-in-Chief
Columbus Children’s Hospital
700 Children’s Drive
Room ED622
Columbus, OH 43205-2696

JOSEPH S. ALPERT, MD, FACC
Professor of Medicine
Head of Department of Medicine
University of Arizona
Health Sciences Center
1501 N. Campbell Avenue
Tucson, AZ 85724-5035

JACQUES 1. BENISTY, MD, FACC
Boston Adult Congenital Heart Service
Department of Cardiology
Children’s Hospital
300 Longwood Avenue
Boston, MA 02115-5737

YVONNE BERNARD, RN
Case Manager
Division of Pediatric Cardiology
Vanderbilt University Medical Center
D2220 Medical Center North
Nashville, TN 37232-2572

ALAN C. BRAVERMAN, MD, FACC
Associate Professor of Medicine
One Barnes-Jewish Hospital Plaza
Suite 16419 East Pavilion
St. Louis, MO 63110
National Marfan Foundation

Participants

JOSEPH R. CARVER, MD, FACC
Senior Medical Director
Aetna U.S. Healthcare
980 Jolly Road
Mail Stop U21A
Blue Bell, PA 19422

MELVIN D. CHEITLIN, MD, MACC
Emeritus Professor of Medicine
University of California at San Francisco
San Francisco General Hospital, Room 5G1
1001 Potrero Avenue
San Francisco, CA 94110

JOHN S. CHILD, MD, FACC
Professor of Medicine
UCLA School of Medicine
Division of Cardiology
Department of Medicine
Los Angeles, CA 90024

RUTH L. COLLINS-NAKAI, MD, FACC
President, Canadian Cardiovascular Society
15239 43rd Avenue
Edmonton, Alberta T6G 5R3
CANADA

GORDON K. DANIELSON, MD, FACC
Roberts Professor of Surgery
Mayo Medical Center
200 First Street, SW
Rochester, MN 55905-0001

WILLIAM R. DAVIDSON, Jr., MD, FACC
Director, Program for Adults with CHD
Director, Echocardiography
Cardiology H047
M.S. Hershey Medical Center
500 University Drive
Hershey, PA 17033

JOHN E. DEANFIELD, MD, FACC
Professor of Cardiology
Cardiothoracic Unit
Great Ormond Street Hospital
Institute of Child Health
Great Ormond Street
London, WCIN 3JH
UNITED KINGDOM

RICHARD M. DONNER, MD
Staff Pediatric Cardiologist
The Children’s Hospital of Philadelphia
Division of Cardiology
34th and Civic Center Blvd
Philadelphia, PA 19104-4399

ANNIE DORE, MD, FRCP
Assistant Professor of Medicine
Montreal Heart Institute
5000 Belanger Est
Montreal, Quebec H1T 1C8
CANADA

DAVID J. DRISCOLL, MD, FACC
Professor of Pediatrics
Head, Section of Pediatric Cardiology
Mayo Clinic
200 First Street, S.W.
Rochester, MN 55905-0001

JOSEPH P. DROZDA, Jr., MD, FACC
Principal, Carevergence
Associate Director, Unity Health Research
36 Picardy Hill Drive
Chesterfield, MO 63017-7127

SUSAN M. FERNANDES, MHP, PA-C
Boston Adult Congenital Heart Service
Department of Cardiology
Children’s Hospital
300 Longwood Avenue
Boston, MA 02115-5737

*The recommendations set forth in this report are those of the Conference participants and do not necessarily reflect
the official position of the American College of Cardiology.

When citing this document, the American College of Cardiology would appreciate the following citation format:
Care of the Adult With Congenital Heart Disease. Presented at the 32nd Bethesda Conference, Bethesda, Maryland,
October 2-3, 2000. ] Am Coll Cardiol 2001;37:1161-98.

This document is available on the American College of Cardiology Web site at www.acc.org. Reprints of this
document are available for $5.00 each by calling 800-253-4636 (U.S. only) or by writing the Resource Center,

American College of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20814.



JACC Vol. 37, No. 5, 2001
April 2001:1161-98

ELYSE FOSTER, MD, FACC
Associate Professor of Clinical Medicine
University of California, San Francisco
Box 0214, Rm. 314A
Moffitt Hospital
505 Parnassus Avenue, M314A
San Francisco, CA 94143-0214

JAMES M. FOX, MS, MD
Cardiology Fellow
Division of Cardiology
University of lowa Hospital
200 Hawkins Drive
Room E318-5
Towa City, 1A 52242

MICHAEL D. FREED, MD, FACC
Senior Associate
Department of Cardiology
Children’s Hospital
300 Longwood Avenue
Boston, MA 02115-5737

VALENTIN FUSTER, MD, PuD, FACC
Director
Zena & Michael A. Wiener Cardiovascular
Institute
Mount Sinai Medical Center
One Gustave Levy Place
Box 1030
New York, NY 10029-6500

ARTHUR GARSON, Jr., MD, MPH, MACC
Senior Vice President
Dean for Academic Operations
Texas Children’s Hospital
Baylor College of Medicine
6621 Fannin Street
MC1-4460
Houston, TX 77030

THOMAS P. GRAHAM, Jr., MD, FACC
Director, Pediatric Cardiology
Vanderbilt Medical Center
1161 21st Avenue, South
(D2220 MCN)
Nashville, TN 37232-0001

LOUISE HARRIS, MD, ChB, FACC

Associate Professor of Medicine & Consultant
Electrophysiologist

University of Toronto Congenital Cardiac
Centre for Adults

Toronto General Hospital

150 Gerrard Street West

Gerrard Wing 3-562

Toronto, Ontario M5G 2C4

CANADA

JULIEN 1. E. HOFFMAN, MD, FACC
Professor of Pediatrics (Emeritus)
Room M 1331, Box 0544
University of California
505 Parnassus Avenue
San Francisco, CA 94143-0001

Webb and Williams

32nd Bethesda Conference Participants

CHARLES E. IRWIN, Jr., MD
Professor of Pediatrics
Vice Chair, Department of Pediatrics
Director, Division of Adolescent Medicine
University of California, San Francisco
3333 California Street, Suite 245
Box 0503, LH 245
San Francisco, CA 94143-0503

JOHN A. JARCHO, MD, FACC
Medical Co-Director, Cardiac Transplant
Program
Brigham & Women’s Hospital
Cardiovascular Division
75 Francis Street
Boston, MA 02115

SAMUEL KAPLAN, MD, FACC
Professor of Pediatrics
University of California at Los Angeles
Heart Center, Suite 330
200 UCLA Medical Plaza
Los Angeles, CA 90095-6946

RAE-ELLEN W. KAVEY, MD, FACC
SUNY Health Science Center at Syracuse
Division of Pediatric Cardiology
725 Irving Avenue, Room 804
Syracuse, NY 13210

American Heart Association

HARLAN M. KRUMHOLZ, MD, FACC
Associate Professor of Medicine &
Epidemiology and Public Health
Yale University School of Medicine
333 Cedar Street
Room IE-61 SHM
New Haven, CT 06520

MICHAEL ]J. LANDZBERG, MD, FACC
Director, Boston Adult Congenital Heart Group
Department of Cardiology
Children’s Hospital & Brigham & Women’s

Hospital
300 Longwood Avenue
Boston, MA 02115-5737

JAMES LANGILL
66 Waverly Road
Woburn, MA 01801

RICHARD R. LIBERTHSON, MD
8 Hawthorne Place
Suite 110
Boston, MA 02114

ARIANE MARELLI, MD, FRCP(c), FACC
Assistant Professor of Medicine
McGill University
McGill University Health Care Center
1650 Cedar Avenue
Division of Cardiology E-500
Montreal, Quebec H3G 1A4
CANADA

JOHN E. MAYER, Jr., MD, FACC
Professor of Surgery
Harvard Medical School
Sr. Associate in Cardiac Surgery
Children’s Hospital
Cardiovascular Surgery
300 Longwood Avenue
Boston, MA 02115-5737

FRANK X. McCGOWAN, Jr., MD

Associate Professor of Anesthesiology
(Pediatrics)

Co-Director, Cardiac Anesthesia Services
Cardiac Anesthesia Service
Children’s Hospital
300 Longwood Avenue
Boston, MA 02115-5737

PETER McLAUGHLIN, MD, FACC

Professor of Medicine

University of Toronto Congenital Cardiac

Centre for Adults
University Health Network
Toronto General Hospital
200 Elizabeth Street
Eaton North, 12-224
Toronto, Ontario M5G 2C4
CANADA

ROGER B. B. MEE, MD, CuB

Chairman, Pediatric and Congenital Heart

Surgery
The Cleveland Clinic Foundation
9500 Euclid Avenue, M-41
Cleveland, OH 44195-0001

PAMELA D. MINER, RN, MN, NP

Nurse Practitioner

1163

Ahmanson/UCLA Adult Congenital Heart

Disease Center
10833 LeConte Avenue
Room 47-123 CHS
Los Angeles, CA 90095

DOUGLAS S. MOODIE, MD, FACC
Chairman, Division of Pediatrics
The Cleveland Clinic Foundation
9500 Euclid Ave., A120
Cleveland, OH 44195-0001

JOHN W. MOORE, MD, MPH, FACC
The Heart Center for Children
St. Christopher’s Hospital for Children
Erie Avenue at Front Street
Philadelphia, PA 19134
American Academy of Pediatrics

DANIEL J. MURPHY, Jr., MD, FACC
The Cleveland Clinic Foundation
9500 Euclid Avenue, M-41
Cleveland, OH 44195-0001

International Society for Adult Congenital Cardiac

Disease



1164 Webb and Williams

32nd Bethesda Conference Participants

SUZANNE R. PATTEE, ]D

Vice President of Public Policy & Patient Affairs

Cystic Fibrosis Foundation
6931 Arlington Road, #200
Bethesda, MD 20814
Cystic Fibrosis Foundation

GAIL D. PEARSON, MD, ScD, FACC

Leader, Heart Development, Function & Failure

Scientific Research Group

Heart Research Program

National Heart, Lung & Blood Institute
National Institutes of Health

6701 Rockledge Drive

Room 9200, MSC 7940

Bethesda, MD 20892-7940

National Heart, Lung & Blood Institute

JOSEPH K. PERLOFF, MD, FACC
Director, Ahmanson/UCLA Adult Congenital
Heart Disease Center
Professor of Medicine and Pediatrics
University of California at Los Angeles
Division of Cardiology
Room 47-123 CHS
10833 LeConte Avenue
Los Angeles, CA 90095-1679

REED E. PYERITZ, MD, PuD
Chair, Department of Human Genetics
Professor of Human Genetics, Medicine &
Pediatrics
MCP Hahnemann School of Medicine
320 E North Avenue
Pittsburgh, PA 15212-4772

GRAHAM ]. REID, PHD, C PsycH

Assistant Professor, Psychology and Family
Medicine

University of Western Ontario

Asst. Professor, Public Health Sciences &
Medicine

University of Toronto

SSC 7310

London, Ontario N6A 5C2

CANADA

JOHN G. REISS, PuD
Director, Policy and Program Affairs
Associate Professor of Pediatrics
University of Florida
5700 SW 34th Street, Suite 323
Gainesville, FL. 32608
Institute for Child Health Policy

SARA ROSENBAUM, JD
Hirsh Professor, Health Law & Policy
George Washington University Medical Center
School of Public Health and Health Services
2021 K Street, NW
Suite 800
Washington, DC 20006

ISOBEL A. RUSSELL, MD, PHD
Associate Professor of Anesthesia
Dept. of Anesthesia & Perioperative Care
University of California at San Francisco

521 Parnassus Avenue
San Francisco, CA 94143-0648

DAVID J. SAHN, MD, FACC
Professor and Director, Clinical Care Center for
Congenital Heart Discase
Pediatric Cardiology
Oregon Health Sciences University
3181 SW Sam Jackson Park Road
Portland, OR 97201-3098

MATHEW SERMER, MD
Chief of Obstetrics
Toronto General Hospital
200 Elizabeth Street
Toronto, Ontario M5G 2C4
CANADA

SAMUEL C. SIU, MD, SM, FACC

Director of Research

University of Toronto Congenital Cardiac
Centre for Adults

Division of Cardiology, PMCC 3-526

200 Elizabeth Street

Toronto, Ontario M5G 2C4

CANADA

DAVID ]J. SKORTON, MD, FACC
Vice President for Research
The University of Iowa
201 Gilmore Hall
Towa City, IA 52242-1320

LAURENCE ]J. SLOSS, MD
Co-Director
Boston Adult Congenital Heart Service
Department of Cardiology
Children’s Hospital
Department of Cardiology
300 Longwood Avenue
Boston, MA 02115-5737

JANE SOMERVILLE, MD, FACC
Professor
Royal Brompton Hospital
81/83 Harley Street
London, WIN 1DE
UNITED KINGDOM

DAVID M. STRASSER, MD, FACC
Medicor Associates, Inc.
104 E. 2nd Street
Erie, PA 16507

JON B. TINGELSTAD, MD, FACC
American Board of Pediatrics
111 Silver Cedar Court
Chapel Hill, NC 27514
American Board of Pediatrics

JACC Vol. 37, No. 5, 2001
April 2001:1161-98

SUSIE C. TRUESDELL, PA, MBA
Xerox Corporation
80 Linden Oaks Parkway
Mail Stop 0804-02A
Rochester, NY 14625

KAREN UZARK, PuD, PNP
Director of Cardiology Process and
Improvement and Clinical Outcomes
Children’s Hospital Medical Center
Cardiology Department
3333 Burnet Avenue, OSB-4
Cincinnati, OH 45229-3039

GEORGE F. VAN HARE, MD, FACC
Associate Professor of Pediatrics
Stanford University
750 Welch Road, Suite 305
Palo Alto, CA 94304

ROBERT A. VOGEL, MD, FACC
Herbert Berger Professor of Medicine
Head, Division of Cardiology
University of Maryland Hospital
22 S. Greene Street, Rm. S3B06
Baltimore, MD 21201-1544

CAROLE A. WARNES, MD, FACC
Professor of Medicine
Mayo Clinic
Cardiovascular Diseases
Rochester, MN 55905

GARY D. WEBB, MD, FACC

Director

University of Toronto Congenital Cardiac
Centre for Adults

Toronto General Hospital

200 Elizabeth Street

12EN 215

Toronto, Ontario M5G 2C4

CANADA

President—Canadian Adult Congenital Heart
Network

Conference Co-Chair

ROBERTA G. WILLIAMS, MD, FACC
Chairman, Department of Pediatrics
KECK School of Medicine
University of Southern California
Vice President for Pediatrics and Academic

Affairs
Childrens Hospital Los Angeles
4650 Sunset Blvd., MS 71
Los Angeles, CA 90027
Conference Co-Chair



JACC Vol. 37, No. 5, 2001
April 2001:1161-98

Webb and Williams
32nd Bethesda Conference Participants

Conference Steering Committee

GARY D. WEBB, MD, FACC, CONFERENCE CO-CHAIR
ROBERTA G. WILLIAMS, MD, FACC, CoNFERENCE CO-CHAIR
JOSEPH S. ALPERT, MD, FACC

JOHN S. CHILD, MD, FACC

RUTH L. COLLINS-NAKAI, MD, FACC

ELYSE FOSTER, MD, FACC

ARTHUR GARSON, Jr., MD, MPH, MACC
THOMAS P. GRAHAM, Jr., MD, FACC

MICHAEL J. LANDZBERG, MD, FACC

RICHARD LIBERTHSON, MD

DANIEL J. MURPHY, Jr., MD, FACC

DAVID ]J. SKORTON, MD, FACC

CAROLE A. WARNES, MD, FACC

Staff

American College of Cardiology

CHRISTINE W. MCENTEE, EXECUTIVE VICE PRESIDENT

MARIE E. MICHNICH, DrPH., SENIOR ASSOCIATE EXECUTIVE VICE PRESIDENT
CHARLENE L. MAY, DIRECTOR, DOCUMENT DEVELOPMENT AND PRACTICE GUIDELINES
LISA B. BRADFIELD, MANAGER, DOCUMENT DEVELOPMENT

1165



Journal of the American College of Cardiology
© 2001 by the American College of Cardiology
Published by Elsevier Science Inc.

Vol. 37, No. 5, 2001
ISSN 0735-1097/01/$20.00
PII S0735-1097(01)01272-4
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Care of the Adult With Congenital Heart Disease:

Introduction
Gary D. Webb, MD, FACC, Conference Co-Chair,

Roberta G. Williams, MD, FACC, Conference Co-Chair

Consider the changes in the practice of cardiology in the
lifetime of a 40-year-old patient with tetralogy of Fallot. In
the 1960s it was common for adult and pediatric cardiolo-
gists to practice together in a medical school setting, with
the exception of a few freestanding children’s hospitals.
Patients were discussed at a joint conference. Without the
demands of highly technical procedures, there was a greater
commonality of knowledge and skills than we find today.
Infant surgery was practically non-existent, and surgery on
young children was usually confined to palliative procedures.
Repair of lesions such as tetralogy of Fallot or atrial septal
defect was generally delayed until early adolescence. Patients
who survived until adult life were few.

The rapid technological developments that have occurred
in the three past decades have enabled patients with more
complex congenital cardiac defects to survive into adult life.
Now, for the first time, the number of adults with congen-
ital heart disease (CHD) equals the number of children with
the disorder. The range of abnormalities and the complex-
ities of postoperative anatomy are now well beyond the
educational and experiential background of the adult cardi-
ologist. Pediatric cardiologists, who often follow their pa-
tients into adult life, are at a disadvantage when confronted
by superimposed acquired adult diseases. Both groups of
subspecialists are drawn deeper into the complexities of
their own fields and have vanishingly few opportunities to
interact in an ongoing professional forum. A few adult
congenital heart disease (ACHD) programs have served as
referral centers for adult patients who require surgical or
catheter intervention, but most patients do not have their
cases reviewed in these centers. There is no organized effort
at monitoring clinical outcomes for these patients, and the
frequency with which these patients appear late at tertiary
centers with avoidable complications indicates that health
care delivery to this population falls far short of that for
adults with acquired heart disease or children with CHD.

The transition from childhood to adulthood is particu-
larly difficult for patients with chronic disease. Some are
multiply-handicapped with cognitive and physical disabili-
ties. The less disabled do not qualify for public insurance
and are at risk for the development of secondary disability as
a result of inadequate continuity of care. Adolescence is a
time of particular anxiety about conformity, social success,
and uncertainty about the future. Denial is a frequently used

defense, coupled with a sense of immortality and a desire for
risk taking. Relocation for educational or occupational
reasons is common and often results in the transfer of
inadequate information to the new provider. When one is
distracted by the demands of job and family, it is easier to
put aside routine health care, particularly when one is
asymptomatic. Considering the human and financial re-
sources that have been expended in nurturing these individ-
uals to adult age, it is important to improve the system of
care for adults with CHD in order for them to maintain the
functional status that has been so hard won.

The American College of Cardiology is the professional
organization where adult cardiovascular specialists, pediatric
cardiologists, and cardiothoracic surgeons join together in
the interests of care delivery, professional education, and
advocacy. The authors are grateful for the opportunity to
bring together these formidable resources in the format of
the Bethesda Conference. The conference was organized
into five sections that represent: 1) the present number of
adults with CHD, 2) the special needs of these patients, 3)
the workforce needed to deliver ACHD health care, 4)
recommendations for a system of health care delivery that
would produce the best clinical outcomes with the most
efficient use of resources, and 5) the steps needed to ensure
access to adequate health care for these patients. The
answers reduce to three requirements: 1) education of a
modest number of ACHD specialists who can lead highly
specialized teams and serve as a referral and continuing
educational resource for the greater number of providers
with training in either adult or pediatric cardiology; 2)
integration of highly specialized centers with community-
based providers and with each other in order to provide a
high level of care for all patients and to provide an
informational base for continual improvement in care; and
3) unfettered access to an appropriately trained provider for
all adults with CHD. These actions would require a modest
outlay of resources, but the status quo will result in greater
long-term expenditures for terminal care and loss of pro-
ductivity for this ever-growing population. The product of
this conference is a comprehensive analysis of the problem
and a recommendation for corrective steps. The realization
of the vision articulated in the following sections will require
the passion and constancy of focus that have been exhibited
by so many of the participants in this conference.
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Summary

of Recommendations—

Care of the Adult With Congenital Heart Disease

As a result of extremely successful diagnostic and treatment
strategies developed and employed over the past 40 years,
the number of adults with congenital heart defects in the
U.S. has reached ~800,000. Of these, half are complex
enough to require ongoing follow-up and treatment by
health care professionals with expertise in the care of these
patients. The health care system in the U.S. has developed
neither a plan nor the required systems and facilities to care
for these patients. Consequently, for the present and fore-
seeable future, most cardiologists who treat adults with
congenital heart disease (CHD) have had informal training
and considerable experience in the care of these patients.
Over the next 10 years, more specifically trained adult
congenital heart disease (ACHD) cardiologists should be
trained in this subspecialty.

The American College of Cardiology (ACC) convened
this 32nd Bethesda Conference to study the needs of these
patients and to invite expert participants to recommend
changes that will improve these patients’ care and access to
the health care system.

The Conference report consists of an introduction and
five Task Force reports. These documents largely focus on
the coming decade. A series of recommendations are made,
as summarized here.

ORGANIZATION OF CARE

e The care of adults with CHD should be coordinated by
regional ACHD centers.

e One regional ACHD center should be created to serve a
population of 5 million to 10 million people. Approxi-
mately 30 to 50 such centers should be developed or
strengthened across the entire U.S.

o Adults with moderate and complex CHD (defined in the
Task Force 1 report) will require regular evaluations at a
regional ACHD center and will benefit from maintaining
contact with a primary care physician.

e The ACC should recommend to the National Heart,
Lung and Blood Institute (NHLBI) and/or the Agency
for Health Care Research and Quality (AHRQ), the
formation of adult congenital cardiac centers for docu-
menting and improving outcomes, education, and re-
search.

e Each pediatric cardiology program should identify the
ACHD center where their patients will be transferred.

e Every adult cardiology and adult cardiac surgical center, as
well as every cardiologist, should have a referral relation-
ship with a regional ACHD center.

o All emergency care facilities should have an affiliation

with a regional ACHD center.

e Physicians without specific training and expertise in
ACHD should manage adults with moderate and com-
plex CHD only in collaboration with physicians with
advanced training and experience in the care of adults
with CHD.

e An ACHD cardiologist should evaluate all adults with
moderate and complex CHD at least once. The initial
ACHD evaluation allows stratification of these patients
according to risk and anticipated management difficulty.

e Patients with moderate or complex CHD usually require
hospital admission or transfer to a regional ACHD center
for urgent or acute care.

e Most cardiac catheterization and electrophysiology pro-
cedures for adults with moderate and complex CHD
should be performed in regional ACHD centers with
appropriate experience in CHD and in laboratories with
appropriate personnel and equipment. After consultation
with staff in regional ACHD centers, it may be appro-
priate for local centers to perform these procedures.

e Cardiovascular surgical procedures in adults with moder-
ate and complex CHD should generally be performed in
regional ACHD centers with specific experience in the
surgical care of these patients.

e Each regional ACHD center should participate in a
medical and surgical database aimed at defining and
improving outcomes in adults with CHD.

e Appropriate clinical records for each patient should be
kept in the regional ACHD center; the primary care
provider and patient should also keep such records.

WORKFORCE DESCRIPTION
AND EDUCATIONAL REQUIREMENTS

e A joint task force of the American Board of Internal
Medicine and the American Board of Pediatrics, facili-
tated by the ACC, should be formed to determine the
specific pathways and years of training required for Level
3 ACHD subspecialist cardiologists.

e Level 3 training programs should collaborate to maximize
learning opportunities for the ACHD cardiologists-in-
training and provide continuing education for trainees,
graduates, and ACHD practitioners.

o A network of centers of research and education in ACHD
should be created and funded through the NHLBI.

e Research fellowships in ACHD should be created so that
these fellows can dedicate 75% to 100% of their time in
protected research over a two- to three-year period.

e Training programs for other key staff (e.g., nurses, phy-
sician assistants, psychologists, social workers, other non-
physician personnel) on ACHD teams should be estab-
lished.
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e The ACC should lobby Congress for an educational loan
repayment program for ACHD specialists to lessen the
financial constraint of the prolonged educational process
leading to an academic career.

ACCESS TO CARE

The ACC should:

e Work with the American Heart Association (AHA) to
develop a strategic plan for an organized advocacy group,
which includes health care professionals and patients and
their families in the context of a public relations cam-
paign.

e Collaborate with the AHA to develop educational mate-
rials to guide adolescent and adult patients in the transi-
tion to independence, including the need for health (and
perhaps life) insurance, barriers that may exist in obtain-
ing coverage, and strategies to obtain optimal coverage.

e Sponsor a multicenter study with economic forecasting to
develop a better understanding of the true economic
impact (e.g., payments, future income potential) of CHD
in the adult.

e Include, in formal and regular discussions with insurance
companies and other public and private payers and pur-
chasers, information on the special problems encountered
and expertise necessary in the care of adolescents and
adults with CHD.

e Reduce barriers to multidisciplinary services by develop-
ing innovative reimbursement methods. Pilot programs
established between one or more ACHD centers and
major payers (public and private) should be encouraged.

e Work at the chapter level with state legislators to specify
CHD in a demonstration project of the Work Incentives
Improvement Act.

e Recommend that physicians discuss individual patient
coverage concerns with insurance company medical direc-
tors.

e Advocate health care coverage for all. As an incremental
step, all adults with CHD should be covered, thus
removing a significant barrier to access.

e Develop additional educational materials to help adoles-
cent and adult patients as they approach the job market,
focusing on their legal rights (e.g., health should not be
discussed during an interview), tips for success, and where
to go for job training and vocational counseling.

e Recommend, at the patient’s request, that individual
physicians work directly with patients, their schools, and
their employers or potential employers to optimize op-
portunities.

SPECIAL NEEDS OF ADULT PATIENTS WITH CHD

Each patient’s transition to adult life should include:

e A structured plan to help patients transition from pedi-
atric to adult CHD care.

JACC Vol. 37, No. 5, 2001
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e Individual patient education regarding their diagnosis and
specific health behaviors

o A “health care passport.” Important historic information,
including comprehensive diagnostic data, procedures, op-
erations, and medications, should be kept by patients as a
summary of past and present important health issues. The
ACC should support the development of a health care
passport, which would be useful for all patients with
CHD and their health care providers.

e A continuum of vocational assessment, beginning in late
childhood and proceeding through the adolescent and
young adult years.

e Transfer of information to the patient and family, within
a transition program, at a rate commensurate with the
prevailing psychosocial development and circumstances of
the patient.

Recommendations Regarding Noncardiac Surgery

e Noncardiac operations on patients with moderate and
complex CHD should be performed at a regional ACHD
center, with the consultation of an anesthesiologist with
experience in CHD. This applies particularly when more
complex surgery is indicated, or when patients have
adverse risk factors, including poor functional class, pul-
monary hypertension, CHF, and cyanosis.

Recommendations Regarding Reproductive Issues

e Contraceptive counseling must be available, when appro-
priate, to all patients with CHD.

e A multidisciplinary team at a regional ACHD center is
needed for pregnancy care and delivery, as well as the
management of indeterminate, intermediate-, or high-
risk patients.

e The recurrence risk of CHD is highly variable and should
be discussed prospectively with all patients. Genetic
counseling should be made available through regional

ACHD centers.

Recommendations Regarding Exercise and Rebabilitation

e Guidance for athletic participation for patients with
CHD can be found in the published recommendations of
the 26th Bethesda Conference report, which represents
the best consensus data available.

o The efficacy and safety of exercise rehabilitation programs
for adults with CHD have not been studied, and research
in this area should be supported.

Recommendations Regarding Psychosocial Issues

e The emotional health of adults with CHD should be a
priority in the overall care of this patient population.
Appropriate screening and referral sources for treatment
should be available at all regional ACHD centers.

e Tools for screening for psychosocial problems in this
population should be developed and tested.
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e Data should be developed to assess the effectiveness of
regular follow-up care on the long-term physical and
psychosocial health of adults with CHD.

e Professionals and facilities for the treatment of psycho-
logical disorders are scarce, and creative solutions for
counseling patients in groups or those who live a far
distance away should be developed.

CONCLUSIONS

The participants in this Bethesda Conference on adults with
CHD have compiled these recommendations, along with
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supporting information, to construct a road map for future
actions. Action will be needed from governments, health
insurance organizations, health care institutions, clinical and
academic units, and health care providers.

Ongoing efforts made by the ACC, as well as the present
and future leaders, in the care of these patients will be
required to help realize this vision over the next decade. We
urge readers to acknowledge the serious problems in current
health care delivery to these patients in the U.S. and commit
themselves to doing what they can to become a part of the
solution, which requires the collaboration of many individ-
uals and organizations across this country.
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The extraordinary advances in cardiac surgery, intensive
care, and noninvasive diagnosis over the last 50 years have
led to an enormous growth in the U.S. and throughout the
world in the number of adults with congenital heart disease
(CHD). Approximately 85% of babies born with cardiovas-
cular anomalies can expect to reach adulthood, and with
continued improvement in surgical technique, this could
increase further in the next two decades (1). In Canada, it is
estimated that the number of survivors with adult congenital
heart disease (ACHD) will increase from 94,000 in 1996 to
124,000 by the end of 2006. Although there is a general
recognition that there are large numbers of adults with
CHD in the U.S., accurate statistics are lacking. Reported
prevalence rates of CHD in newborns vary widely and
depend, to some extent, on lesion inclusion and exclusion
criteria. For example, some studies include ventricular septal
defects (VSDs); however, about two thirds of these individ-
uals no longer have a VSD by adult age. Many studies
exclude bicuspid aortic valves, which are present in 1% of
live births. In addition, different methods of ascertainment
(e.g., physical examination, echocardiography, registry data)
yield varying prevalence rates of CHD in infancy.

A recent English study (2) reviewed all births in one
health region (Newcastle) between 1985 and 1994, and
noted 1,942 cases of CHD in a population of 377,310 live
births (incidence of 5.2 per 1,000). Of these newborns,
1,514 were predicted to survive =16 years. Because addi-
tional diagnoses are sometimes made later in childhood, at
least 2,192 children were expected to survive =16 years.
Also, an estimated 784 would require follow-up in adult life.
These figures predict the need for follow-up of adults with
CHD, for >200 cases per 100,000 live births, or >1,600
cases every year in the UK. (assuming a population of 50
million). Assuming a population of 280 million in the U.S,,
that would mean an increase of 8,960 adult cases annually,
or 89,600 cases in the current decade.

Most studies from the mid 1980s onward, however, as
well as more recent Canadian studies, report the number of
CHD births to be close to 10 in 1,000 live births (3).
Defining the exact size and composition of this population
in adulthood is challenging, because data are lacking. An
important mandate of this Bethesda Conference is to
estimate patient numbers, which are essential for program
planning and resource allocation. On the basis of the U.S.

census data, the documented birth rates from 1940 to 1989
were averaged (Tables 1-3). The diagnoses corresponding
to complex, moderate, and mild lesions are shown in Tables
4 through 6, and are those used by Task Force 4. Based on
a documented incidence of 1.5 in 1,000 live births for
complex CHD (Table 1) and by extrapolating likely survival
rates for the early through more recent years, the approxi-
mate numbers of survivors in this group were derived. The
incidence of 1.5 in 1,000 live births was based on the large
New England Regional Infant Cardiac Program (NERICP)
review of catheterization data, surgical findings, and post-
mortem diagnoses (4). Using this approach, ~117,000
adults with truly complex CHD are estimated to live in the
U.S. in the year 2000. With improved surgical techniques, this
number can be anticipated to increase over the next decade.

Using a similar model, Table 2 demonstrates the antici-
pated survival, to the year 2000, of patients with moderate
CHD, as defined in Table 5. A prevalence of 2.5 in 1,000 is
derived from published data on children, as well as some
patients who began with more simple lesions but acquired
complications (e.g., VSD with valve lesions, patent ductus
arteriosus causing left heart dilation) (Table 7). These
estimates predict an adult population of 302,000 with
moderate CHD by the year 2000 in the U.S.

Estimating the number of adult patients with simple
CHD (Tables 3 and 6) is more difficult. To utilize the
absolute prevalence of simple lesions detected in infancy
would grossly overestimate the number of adult survivors,
because most VSDs will have closed by adulthood, and
these patients will no longer be considered to have CHD.
Thus, there will be considerable “attrition” of the numbers
of patients with VSDs between the incidence at birth and
the prevalence in adulthood. Most patients with a patent
ductus arteriosus will undergo surgical or spontaneous
closure in childhood (by definition, therefore, remaining
“simple”), but a small proportion will remain patent, many
needing closure, and are therefore defined as “moderate”
cases. By utilizing these assumptions (Table 7), the preva-
lence of these lesions is derived: ~2.2 in 1,000. Thus, the
estimated survival of patients with simple CHD in the U.S.
to the year 2000 is 368,800. A conservative estimate of the
total number of survivors—combining the mild, moderate,
and complex subgroups—is 787,800. The addition of those
with isolated bicuspid aortic valves would dramatically
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Table 1. Estimated Prevalence of Complex Congenital Heart Disease in the U.S.

Year Birth Rate/ Prevalence Survival Rate Survival Rate
of Birth Years (1.5/1,000) (First Year) (to Year 2000)
1940-1959 3 million 4,500 20% 10%
X 20 years 90,000 18,000 9,000
1960-1979 4 million 6,000 65% 50%
X 20 years 120,000 78,000 60,000
1980-1989 4 million 6,000 85% 80%
X 10 years 60,000 51,000 48,000
Totals 147,000 117,000

increase this number. The moderate and complex sub-
groups—totaling 419,000 patients—need periodic (e.g.,
every 6—24 months) follow-up in a regional ACHD center.

These figures may well be underestimates for two impor-
tant reasons. First, they are based on the incidence of CHD
presenting in infancy and childhood, but az Jeast 10% of
cases seen in an ACHD clinic (in particular, secundum
atrial septal defect, Ebstein’s anomaly, and congenitally
corrected transposition) are not diagnosed until adulthood.
In addition, increasing numbers of immigrants to the U.S.
add to the patient population. Therefore, a conservative
estimate of patients needing periodic follow-up at a regional
ACHD center is ~400,000. Although these predictions,
again, are based on several assumptions, they provide a
framework to estimate current and future resource require-
ments necessary to provide optimal care.

This population growth is also reflected in the growth of
individual regional ACHD centers. In Toronto, a 269%
expansion in the outpatient work load was noted over a
10-year period between 1987 and 1997. Similarly, an
increase in the number of admissions to a large ACHD unit
in the U.K. is shown in Figure 1. Notably, these admissions
continue to increase, particularly for patients >30 years of age;
by 1996, 30% of patients admitted were >40 years of age.

DISEASE PATTERNS

Data on the basic diagnosis and age of outpatients in a large
unit in the U.K. in 1997 are also presented (Figs. 2 and 3).
Complex lesions, such as tricuspid atresia and single-
ventricle physiology, are well represented in patients >20
years of age, particularly in those >30 years of age, in
current ACHD centers. The age range of patients seen in

two large clinics is shown in Figure 4; they were older in the
Mayo Clinic than in the Toronto series, where 50% versus
30% of patients were =40 years of age. These more complex
patients are obviously vulnerable to additional acquired
co-morbidities that impact both their cardiac and medical
care, including hypertension, pulmonary, renal, and myo-
cardial disease, and coronary artery disease. It is estimated
that ~55% of the adult patient population is at medium to
high-risk (defined as those at significant risk for premature
death, re-operation, and complications) and thus need to be
seen regularly in ACHD regional centers and followed for
life. These patients include those with atresia, single-
ventricle physiology, transposition variants, Ebstein’s anom-
aly, tetralogy of Fallot, pulmonary vascular disease, and
complex septal defects. Periodic review at a regional ACHD
center continues to offer advantages over a general cardiac
evaluation, particularly regarding the timing and type of
intervention, follow-up strategy, and general recommenda-
tions (5). Approximately 45% of patients with mild defects,
such as a small VSD or mild pulmonary valve stenosis, will
not require regular follow-up in a regional ACHD center,
but might benefit from at least one review at such a center
at the discretion of the patient’s physician.

The profile of this patient population will change over the
next few decades, not only because of advancing age, but
also with improved survival of patients with complex anom-
alies. In addition, with the impetus to perform definitive
repair at an earlier age and with changing operative proce-
dures, there will be changes in the anticipated disease
patterns. Many adult survivors will have different hemody-
namic and cardiac problems from those currently seen. For
example, an infant with transposition of the great arteries

Table 2. Estimated Prevalence of Moderate Congenital Heart Disease in the U.S.

Year Birth Rate/ Prevalence Survival Rate Survival Rate
of Birth Years (2.5/1,000) (First Year) (to Year 2000)
1940-1959 3 million 7,500 60% 55%
X 20 years 150,000 90,000 82,500
1960-1979 4 million 10,000 70% 65%
X 20 years 200,000 140,000 130,000
1980-1989 4 million 10,000 90% 90%
X 10 years 100,000 90,000 90,000
Totals 320,000 302,500
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Table 3. Estimated Prevalence of Simple Congenital Heart Disease in the U.S.

Year Birth Rate/ Prevalence Survival Rate Survival Rate
of Birth Years (2.2/1,000) (First Year) (to Year 2000)
1940-1959 3 million 6,600 95% 90%
X 20 years 132,000 125,400 118,000
1960-1979 4 million 8,800 95% 95%
X 20 years 176,000 167,200 167,200
1980-1989 4 million 8,800 95% 95%
X 10 years 88,000 83,600 83,600
Totals 376,200 368,800

will no longer have a Mustard or Senning procedure (with
its late problems of systemic ventricular dysfunction and
arrhythmias), but might be anticipated to have an arterial
switch procedure and encounter quite different cardiac
sequelae in adult life. Patients with complex single-ventricle
physiology and various modifications of the Fontan proce-
dure will increase in number. Perhaps with refinements in
noninvasive diagnosis and earlier definitive repair of shunt
lesions, the prevalence of pulmonary vascular disease and
Eisenmenger syndrome in the adult population could be
expected to diminish. These patients with complex malfor-
mations are subject to more diverse and numerous late
complications and must be seen regularly at a regional
ACHD center, to which they should have direct access.
They need more intensive follow-up and probably more
frequent re-evaluations and interventions.

SPECIAL RESOURCES

Impact of cardiac surgery. In the largest congenital cardiac
center in the U.K., one in five admissions was for cardiac
surgery. The Society of Cardiothoracic Surgeons of the
U.K. Registry for 1998/1999 reports that in the U.K., 3,836
congenital heart operations were performed, with a mortal-
ity rate of 4.7%. There were 339 patients =16 years of age,
with a mortality rate of 2.1%, but the data were not stratified

Table 4. Types of Adult Patients With Congenital Heart
Disease of Great Complexity*

Conduits, valved or nonvalved

Cyanotic congenital heart (all forms)

Double-outlet ventricle

Eisenmenger syndrome

Fontan procedure

Mitral atresia

Single ventricle (also called double inlet or outlet, common or primitive)

Pulmonary atresia (all forms)

Pulmonary vascular obstructive diseases

Transposition of the great arteries

Tricuspid atresia

Truncus arteriosus/hemitruncus

Other abnormalities of atrioventricular or ventriculoarterial connection
not included above (i.e., crisscross heart, isomerism, heterotaxy
syndromes, ventricular inversion)

“These patients should be seen regularly at adult congenital heart disease centers.
Modified from Connelly MS, et al. Canadian Consensus Conference on Adult
Congenital Heart Disease, 1996. Can J Cardiol 1998;14:395-452.

according to low- and high-volume units, nor were they
audited.

Some centers reported a surprisingly low number of
ACHD operations per year, although expertise is often
focused in centers where the same surgeons operate on both
pediatric and adult patients, so the numbers can be com-
bined. Previously published data from Stark et al. (6) have
shown that mortality is higher in centers with lower
operative volume, highlighting the risk of performing the
“occasional” operation on adult patients with CHD.

It is estimated in the U.S. that 20,000 operations for
CHD are performed every year. Based on pediatric data,
low-volume centers have a higher mortality. The outcome is
likely to be worse for adult patients who do not always have
the benefit of a surgeon with special expertise and training
in CHD. It is important, both medically and financially, to
concentrate resources and funding and place patients in
specialized centers. A close collaboration is necessary be-
tween experienced and trained cardiologists, echocardio-

Table 5. Types of Adult Patients With Congenital Heart
Disease of Moderate Severity*

Aorto-left ventricular fistulae
Anomalous pulmonary venous drainage, partial or total
Atrioventricular canal defects (partial or complete)
Coarctation of the aorta
Ebstein’s anomaly
Infundibular right ventricular outflow obstruction of significance
Ostium primum atrial septal defect
Patent ductus arteriosus (not closed)
Pulmonary valve regurgitation (moderate to severe)
Pulmonic valve stenosis (moderate to severe)
Sinus of Valsalva fistula/aneurysm
Sinus venosus atrial septal defect
Subvalvar or supravalvar aortic stenosis (except HOCM)
Tetralogy of Fallot
Ventricular septal defect with
Absent valve or valves
Aortic regurgitation
Coarctation of the aorta
Mitral disease
Right ventricular outflow tract obstruction
Straddling tricuspid/mitral valve
Subaortic stenosis

*These patients should be seen periodically at regional adult congenital heart disease
centers. Modified from Connelly MS, et al. Canadian Consensus Conference on
Adult Congenital Heart Disease, 1996. Can J Cardiol 1998;14:395-452.

HOCM = hypertrophic obstructive cardiomyopathy.



JACC Vol. 37, No. 5, 2001
April 2001:1161-98

Table 6. Types of Adult Patients With Simple Congenital
Heart Disease™®

Native disease
Isolated congenital aortic valve disease
Isolated congenital mitral valve disease (e.g., except parachute valve,
cleft leaflet)
Isolated patent foramen ovale or small atrial septal defect
Isolated small ventricular septal defect (no associated lesions)
Mild pulmonic stenosis
Repaired conditions
Previously ligated or occluded ductus arteriosus
Repaired secundum or sinus venosus atrial septal defect without
residua
Repaired ventricular septal defect without residua

*Those patients can usually be cared for in the general medical community.
Modified from Connelly MS, et al. Canadian Consensus Conference on Adult
Congenital Heart Disease, 1996. Can J Cardiol 1998;14:395-452.

graphers, interventional cardiologists, surgeons, and anes-
thesiologists, with well-trained nurses on every team. The
expert surgical care provided to children with cardiac anom-
alies must also be provided to adults. Re-operations are
frequent, and the overall mortality is higher in patients
having a re-operation versus a first operation (7). In one
U.S. center (Mayo Clinic) following >1,800 patients, 1,243
of whom had cardiac surgery, almost 50% had two or more
operations and 290 (23%) had three or more operations.
This necessity for re-operation (particularly in patients with
bioprosthetic valves and extracardiac conduits), again em-
phasizes the need for special surgical expertise in CHD. The
types of operations in adult patients in a single center (Mayo
Clinic) by diagnosis and age are shown in Table 8.
Operative mortality varies according to the basic diagno-
sis, the type of surgical repair, and the complexity of the
anatomy. Re-operation poses technical difficulties for the
surgeon because of adhesions (especially between the heart,
aorta or conduit, and sternum), lack of retrosternal space,
loss of anatomic landmarks (especially the coronary arteries)
or the development of collateral vessels. In addition, there
may be deleterious effects of all previous bypass operations
on long-term myocardial function. Cyanotic patients face a
higher mortality and more postoperative complications.

Table 7. Estimated Prevalence of Simple Congenital Heart
Lesions in Infancy, as Compared With Prevalence in Adulthood

Estimated Prevalence of Simple
Lesions in Adulthood

(per 1,000)

Prevalence in Infancy
(per 1,000)

VSD* 3 0.3
PDAY 0.6 0.5
ASD# 0.9 0.6
PS§ 0.6 0.5
AS 0.3 0.3

Totals 5.4 2.2

*Most ventricular septal defects (VSDs) are closed by adulthood and are no longer a
problem (i.e., the patients no longer have a “lesion”). TMost patent ductus arteriosi
(PDAs) close spontaneously or are closed in childhood, and therefore remain in the
“simple” category. $Most atrial septal defects (ASDs) are closed in childhood, and
therefore remain in the “simple” category. §Most pulmonary stenoses (PS) remain in
the “simple” category; some will become moderate or severe; and some will develop
pulmonary regurgitation, and therefore be defined as “moderately complex.”
AS = aortic stenosis.
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Figure 1. Age range of patients with CHD at hospital admission in a
single center from 1975 onwards. The unit was opened as an adolescent
unit in 1975 at the National Heart Hospital, joined by the Royal Brompton
Hospital in 1990. Statistics from Jane Somerville, London, U.K.

Increasing age is associated with a higher mortality because
additional co-morbid factors (as outlined previously) in-
crease the operative risk. A detailed preoperative evaluation
performed by an experienced medical and surgical team is
essential. Transthoracic and transesophageal echocardiogra-
phy, cardiac catheterization, and magnetic resonance imag-
ing are necessary complementary tools to help the physi-
cians make appropriate decisions. Holter monitoring and
electrophysiologic study may determine if significant ar-
rhythmias are present. Adults often report that they are
asymptomatic as they adapt to their chronic condition and
do not exercise beyond their limits. Exercise testing, critical
evaluation of the patient’s functional class, and assessment
of ventricular function will help to determine the timing,
risk, and success of the operation.

Transplantation is sometimes needed when the cardiac
anatomy is not suitable for an operation or when ventricular
dysfunction is too severe. The indications for transplanta-
tion are similar to those in patients with other cardiac
conditions, and should be considered in patients who have
New York Heart Association functional class IV symptoms,
despite optimal medical therapy and in the absence of other
therapeutic options. The number of adults with CHD
requiring heart transplantation is currently relatively small,
and an even smaller group has been reported with heart and
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Figure 2. Outpatient attendance for 1997, according to age >16 years,
basic diagnosis, and age. AR = aortic regurgitation; AS = aortic stenosis;
ASD = atrial septal defect; PV = pulmonary valve; TGA = transposition
of the great arteries; VSD = ventricular septal defect. Statistics from Jane
Somerville, London, U.K.
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Figure 3. Outpatient attendance for 1997, according to age >16 years,
basic diagnosis, and age. AR = aortic regurgitation; ASD = atrial septal
defect; A-V = atrioventricular; DORV = double-outlet right ventricle;
MYV = mitral valve; SUB AS = subaortic stenosis; VSD = ventricular
septal defect. Statistics from Jane Somerville, London, U.K.

lung transplantation. Transplantation in adults with CHD
has been most frequently performed in patients with
Fontan-type repair, transposition of the great arteries after a
Mustard or Senning procedure with severe systemic (mor-
phologically right) ventricular dysfunction, congenitally cor-
rected transposition with ventricular dysfunction, severe
Ebstein’s anomaly or Eisenmenger syndrome. Transplanta-
tion needs may also increase in the next two decades, as
more children with complex single-ventricle physiology
undergo Fontan-like repair.
Electrophysiology. There is a growing recognition that
arrhythmias, both atrial and ventricular, are an increasing
problem in terms of management in these patients, and they
are often associated with increasing morbidity and mortal-
ity. This is a consequence of: 1) underlying anatomic
abnormalities; 2) chamber dilation and progressive fibrosis;
3) previous surgical incisions; and 4) compromised hemo-
dynamic status. Pharmacologic management options for
these patients may be limited by concomitant sinus node
dysfunction, significant associated systemic ventricular dys-
function, and the desire for pregnancy.

Over last few years, newer, nonpharmacologic manage-
ment options have emerged, specifically: 1) catheter abla-
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Figure 4. Age range of patients with CHD in two tertiary care centers.
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Table 8. Cardiac Surgery for Congenital Heart Disease™ by
Major Diagnosist

Age =16 Years

(n)

Atrial septal defect 131
Bicuspid aortic valves 129
Other diagnoses 28
Pulmonary atresia 23
Tetralogy of Fallot 20
Ebstein’s anomaly 11
Transposition of the great arteries 10
Atrioventricular canal 9
Coarctation of the aorta 9
Double-outlet right ventricle 5
Anomalous pulmonary venous connection 4
Double-inlet left ventricle 4
Patent ductus arteriosus 3
Tricuspid atresia 2
Ventricular septal defect 2
Truncus arteriosus 1
Total 391

*Performed at the Mayo Clinic, Rochester, Minnesota, in 1999. fIncludes all
congenital diagnoses and all bicuspid aortic valve repairs.
The patients’ mean age was 36.1 years (oldest patient 86 years).

tion; 2) surgical approaches targeting structural abnormali-
ties as well as offering intraoperative electrophysiologic
ablation; and 3) automatic implantable internal defibrillators
and a new generation of pacemakers with algorithms de-
signed to prevent and treat atrial tachyarrhythmias. With
some exceptions, in this population catheter ablation has
met with only modest success so far; it is anticipated that
ongoing refinements of mapping and ablation techniques
will result in improved outcomes. A combined surgical
approach has been employed successfully in the manage-
ment of atrial arrhythmias, including those in patients with
Ebstein’s anomaly and patients undergoing Fontan revision,
including the arrhythmias (both atrial and ventricular) seen
after tetralogy of Fallot repair.

These approaches, again, emphasize the desirability of a
closely integrated collaboration between the surgeon, elec-
trophysiologist, and cardiologist. With refinements in med-
ical and nonpharmacologic therapy, it is anticipated that the
need for arrhythmia therapy will increase in this aging
population. The newer generation of atrial antitachycardia
pacemakers and/or defibrillators will hopefully offer an
expanded range of therapeutic options for these patients.
However, issues of venous access, intracardiac shunts, and
thromboembolic risk will often preclude a transvenous
approach for lead implantation, and an epicardial approach
may need to be considered. Data from current automatic
implantable cardioverter-defibrillator trials in patients with
ischemic or dilated cardiomyopathy appear to support ex-
panded indications for automatic implantable cardioverter-
defibrillator use in patients with substantial ventricular
dysfunction, nonsustained ventricular tachycardia, and in-
ducible ventricular tachycardia according to the electro-
physiologic study. It is possible that these results may be
extrapolated to adults with CHD, suggesting that the rate of
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automatic cardioverter-defibrillator implantation will con-
tinue to increase in this patient population.
Catheterization/Intervention. Cardiac catheterization has
been the diagnostic “gold” standard for CHD for the past 50
years. For the past 20 years, it has been increasingly
supplemented by noninvasive diagnostic modalities; ini-
tially, cardiac ultrasound and, more recently, computed
tomographic scanning and magnetic resonance imaging.
Advances in these technologies have been logarithmic, and
it is likely that in the coming decade, both morphologic and
functional assessments of this patient population will be
increasingly accomplished noninvasively.

Today, diagnostic catheterization is largely reserved for
resolution of specific issues concerning operative interven-
tions, including: 1) the preoperative evaluation of coronary
arteries; 2) the assessment of pulmonary vascular disease and
its response to vasoactive agents for planned, traditional
surgical intervention and/or heart or heart/lung transplan-
tation; and 3) as an adjunct to the noninvasive assessment of
the morphologic and functional characteristics of many
complex congenital lesions (e.g., delineation of arterial and
venous anatomy, patients with heterotaxy, Fontan candi-
dates, and patients who have had previous palliation in the
form of a shunt). Such procedures should be performed by
experienced and trained operators who maintain an ade-
quate minimal volume annually.

Evaluation for possible interventional catheterization has
become an increasingly common indication for diagnostic
catheterization. For some lesions, notably valvular pulmo-
nary stenosis, branch pulmonary stenosis, residual or recur-
rent aortic coarctation, and arteriovenous fistulae, catheter
intervention is widely considered to be the treatment of
choice. Coil or device occlusion of the patent ductus
produces results comparable to those of surgical closure, and
device closure of secundum atrial septal defects is often
employed, although the success rate varies with operator
expertise and the specific device used. It is likely that
technical problems related to these devices will ultimately be
overcome. Dilation of stenotic palliative shunts can obviate
the need for re-operation, and transcatheter occlusion of
shunts before repair of intracardiac lesions may simplify the
surgical procedure. Along with the growth of interventional
catheterization, there has been a renewed interest in small-
incision cardiac surgery, and there will likely be continued
advocacy for both management alternatives. Finally, a na-
tional and global perspective must be kept in mind, relative
to limited resources in developing regions where interven-
tional catheterization may provide partial or definitive treat-
ment for many patients with CHD who do not have access
to cardiac surgery.
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Echocardiography. With improvements and refinements
in echocardiographic technology, most adults attending an
outpatient clinic undergo transthoracic echocardiography
and, when necessary, complementary transesophageal echo-
cardiography and magnetic resonance imaging. Two-
dimensional imaging is more challenging in this patient
population because of larger body size and often multiple
previous surgical scars. The use of transesophageal echocar-
diography intraoperatively is also increasing, and it has been
shown that it has a major impact on cardiac surgical
procedures in 6% to 9% of cases (i.e., that it is desirable or
necessary for the patient to resume cardiopulmonary bypass
for revision of the cardiac procedure). Physicians interpret-
ing these echocardiograms need to be experienced and have
expertise in all aspects of CHD.

A high rate of diagnostic errors in pediatric echocardio-
grams performed in community-based adult laboratories has
been reported (8). This study reported patients of varying
ages, from one day to 18 years, and either interpretive or
technical errors that were of major or moderate importance
occurred in 53% of cases. There is reason to believe that in
older patients, errors occur even more frequently because
image acquisition is more challenging. Clearly, both exper-
tise and technology are necessary to provide the best care.
Conclusions. The data, estimates, and models described
herein emphasize that patients in the U.S. have been
underserved by the present health care system. Over the
next decade, a more comprehensive system must be devel-
oped for this growing population, with considerable collab-
oration between cardiologists specializing in pediatrics and
adults. This Conference will facilitate the further recogni-
tion of these needs and hopefully help to develop the
resources needed to achieve these objectives.
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MANAGING THE TRANSITION
TO ADULTHOOD BEGINS IN CHILDHOOD

Transition into the adult health care system is crucial for
patients with congenital heart disease (CHD), as well as for
adolescents with many other chronic conditions. Indeed,
“arranging efficient and caring transfer for adolescents from
pediatric to adult care (is)...one of the great challenges
facing pediatrics—and indeed the health care services—in
the coming century” (1). Centers that care for adolescents
and young adults with CHD need to develop structured
plans for the transfer of care from the department of
pediatric cardiology to that of adult cardiology. A compre-
hensive program taking a developmental approach begin-
ning in childhood and adolescence should achieve better
results than programs that focus only on the transfer to adult
care at a specified age.

Currently, sufficient empirical data are not available to
support the identification of “best practices” regarding
transition in this patient group. However, descriptive and
qualitative studies have indicated that the key elements of an
effective transition program include:

1. A policy on timing of transfer to adult care (age 18 or
upon leaving school is recommended by many, with
some flexibility);

2. A preparation period and education program that focus
on a set of skills that enables young people and their
families to function in an adult clinic (e.g., understand-
ing the disease, treatment rationale, and source of symp-
toms; recognizing deterioration and taking appropriate
action; learning how to seek help from health profes-
sionals and how to operate within the medical system);

3. A coordinated transfer process (including a detailed
written plan and pretransfer visit to the adult clinic, with
an introduction to the adult provider and with a desig-
nated coordinator such as a clinic nurse);

4. An interested and capable ACHD regional center that is
at least equivalent in quality to that of the pediatric
source the patient is leaving (see subsequent discussion);

5. Administrative support; and

6. Primary care involvement.

The published data also suggest that transitions are more
successful in health care settings where:

1. The preparation for transition begins before adolescence,
and transition is seen as an essential component of
high-quality health care.

2. There is a formal transition program.

3. Young people are not transferred to adult services until
they have the necessary skills to function in an adult
service and have finished growth and puberty.

4. There is an identified person on both the pediatric and
adult teams who has responsibility for transition arrange-
ments (usually nurse specialists).

5. Management links are developed between the pediatric
and adult systems, and financial and contracting issues
are worked out in detail and put in writing.

6. The evaluation of transition arrangements is undertaken
as part of a continuous quality improvement process.

7. Transfer is planned and carried out during a period of
medical stability; and

8. After transfer, there should be ongoing consultation with
the referring pediatric cardiologist.

Sometimes parents need counseling and support to let go of
their adult offspring. Adolescents need support and encour-
agement to begin making decisions, maximizing their
strengths and abilities, and taking control of their lives.
Support groups for patients and/or parents may provide a
reality-based interchange of shared issues. Large referral
institutions can provide direct support group access, but
patients in other areas may be best served by Internet
support groups (e.g., CACHnet [www.cachnet.org], Chil-
dren’s Health Information Network [http://tchin.org]) and
newsletters.

Factors such as a lack of symptoms and strong attachment
to a pediatric cardiology program may result in the failure to
transfer successfully to ACHD services. Many adults with
CHD have the impression that the operation performed in
childhood was a “cure.” They may be unaware of their
prognosis and believe that regular cardiac follow-up is
unnecessary. Comprehensive, individualized education re-
garding their cardiac condition and health care needs, as
well as a “road map” regarding life-style implications, can
help patients to achieve independence. In addition to
routine health care recommendations, the health education
objectives should be specific for young adults with CHD
and should include specific information on diagnoses and
operations, medications and their side effects, endocarditis
prophylaxis, exercise prescription, contraception and family
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planning, career planning and resources, insurance, guide-
lines for frequency of medical follow-up, and dental care.
Education regarding symptoms that could be serious, such
as arrhythmias, is essential. This information should be
summarized in a “health passport” that can be held in the
patient’s possession.

The timing and manner of communicating with patients
is very important. Presenting an overwhelming amount of
information in a single session should be avoided, especially
during early transition visits. The potential to throw the
patient into despair or denial exists and could lead to
avoidance of much-needed visits to a medical center in the
future. Discussions should proceed at a rate commensurate
with the psychosocial development and circumstances of the
patient. Traditionally, many pediatricians have continued to
care for adults with developmental disabilities, but provision
for this group needs to be part of the planning for adult care.

Children with CHD should be given the expectation that
they will grow up to be healthy and able to work. Questions
like “what do you want to be when you grow up?” should be
asked by pediatric primary and specialty care providers,
starting in early childhood (~age 4). In their transition to
adulthood, adolescents should prepare for economic inde-
pendence and vocational competence. Although the major-
ity of patients with postoperative CHD are functionally
normal, the label of heart disease or a mild disability can
heighten these developmental challenges. The possibility of
further surgery can also impede long-term planning. Ado-
lescents should be encouraged to achieve higher education
and skills necessary for employment in occupations that are
reasonable in relation to their work capacity. Vocational
guidance should be emphasized in early adolescence (ages
13-15), as training and acquisition of special knowledge and
skills are important to the young adult if he or she is going
to compete with other applicants.

UNIQUE MEDICAL ISSUES

Cyanotic patients. Cyanotic patients with CHD should be
seen regularly at a regional ACHD center. Their physicians
should be aware of special issues in their care. There are
medical problems extrinsic to the cardiovascular system,
which can cause significant morbidity and mortality in such
patients. Severe cyanosis leads to marked erythrocytosis and,
frequently, to low platelet counts (>100,000) (2), which,
fortunately, seldom lead to significant bleeding. The ab-
sence of erythrocytosis (e.g., hemoglobin >17.0 g/dl) in
such patients should raise concern about a “relative anemia”
and its cause and implications. Excessive erythrocytosis
adversely affects whole blood viscosity, but this problem is
normally not associated with symptoms until the hematocrit
levels are at least >60% to 65%. The only valid indication
for therapeutic phlebotomy is to alleviate symptoms of
hyperviscosity. Many patients undergo phlebotomy by pri-
mary care physicians to reduce their hematocrit. This
practice should be discouraged; phlebotomy should be
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undertaken only in a center that manages cyanotic patients.
When blood is removed, volume replacement with normal
saline is recommended. Failure to follow this procedure can
be associated with hypotension, increased right to left
shunting, stroke, seizures, and death, especially in patients
with pulmonary vascular disease. Multiple phlebotomies
result in iron depletion, which is disadvantageous and has an
independent negative effect on exercise performance. Iron
deficiency is associated with impaired small-vessel blood
flow and an increase in the risk of reversible ischemic
neurologic deficits and stroke (3). When iron deficiency
does occur, it should be treated.

Cyanotic patients frequently have hyperuricemia with
arthralgia, gouty arthritis, and overt tophaceous deposits of
urate. These abnormalities are secondary to low uric acid
fractional excretion, not to urate overproduction (4). There-
fore, hyperuricemia is a marker of abnormal renal function,
which can be a problem in patients with long-standing
cyanotic heart disease. Acute gouty arthritis responds to
colchicine; special care should be taken to avoid dehydration
that could occur with vomiting and diarrhea, which would
require cessation of drug therapy. Allopurinol, with or
without a uricosuric agent, is considered for symptomatic
hyperuricemia refractory to other medications (2).

Pulmonary vasodilator therapy, specifically prostacyclin,

has been used successfully in a small number of patients
with Eisenmenger syndrome, serving as a bridge to repair in
a few. The role for pulmonary vasodilators is being studied
intensively.
Noncardiac surgery. Adults with moderate and complex
CHD (see Tables 4 and 5 of Task Force #1) who require
noncardiac surgery have special needs to be addressed by the
surgical and anesthesia team. Ideally, operations in patients
with complex CHD should be performed at a regional
ACHD center with physicians experienced in the care of
these individuals and with the consultation of cardiologists
trained in this discipline (5). Frequently encountered man-
agement issues include cessation of anticoagulant agents and
use of antibiotics for endocarditis prophylaxis (6). Important
considerations for anesthetic management include the func-
tional class of the patient, ventricular function, persistent
shunts, valvular disease, arrhythmias, erythrocytosis, pulmo-
nary disease, and pulmonary vascular disease.

Risk factors that help predict the possibility of perioper-
ative risk include cyanosis (p = 0.002), treatment for
congestive heart failure (p < 0.001), poor general health
(p < 0.001), and younger age (p = 0.03) (7). Patients with
pulmonary hypertension probably have a higher complica-
tion rate (15%) than patients without pulmonary hyperten-
sion (4.7%; p = 0.08). Procedures performed on the
respiratory and nervous systems seem to be associated with
the most complications.

The extent of preoperative evaluation varies depending on
the complexity of the heart disease. A complete understand-
ing of the patient’s underlying anatomy is necessary. A
preoperative echocardiogram and, rarely, cardiac catheter-
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ization may be indicated when recent data are not available.
Stress studies may be indicated to exclude coexistent coro-
nary artery disease in older adults. Estimates of pulmonary
hypertension are useful, because some patients are at in-
creased risk for Eisenmenger syndrome (8). If pulmonary
disease exists, preoperative pulmonary function tests may be
necessary to determine its severity and to estimate the need
for postoperative ventilation. Preoperative laboratory testing
in cyanotic patients should include an evaluation of the
hematologic system (5), including coagulation and platelet
abnormalities (9). Isovolumetric phlebotomy to a hemato-
crit <65% has been recommended to improve hemostasis.
Practices vary among centers, and further study is war-
ranted.

In patients receiving long-term anticoagulation, protocols
for stopping warfarin, by using perioperative heparin, and
restarting warfarin should be developed and coordinated
with the surgical and dental team to minimize blood loss
and prevent complications. The decision for invasive mon-
itoring, such as intra-arterial catheters and/or central venous
catheters, should be based on the magnitude of the opera-
tion and the specific nature of the cardiac defect. The
decision to monitor invasively should be weighed against the
risk of complications. In all cyanotic patients, meticulous
attention should be paid to all intravenous lines to ensure
freedom from air bubbles, which may cause systemic air
embolism. Intraoperative transesophageal echocardiography
may be useful for continuous monitoring of ventricular
function and for estimating preload conditions. The choice
of anesthetic agent depends on the severity of the cardiac
disease and other co-morbidities and must be tailored to the
operation. Avoidance of myocardial depression and hypo-
volemia is emphasized. Epidural anesthesia can provide
excellent operative and postoperative analgesia, with mini-
mal cardiovascular side effects in select patients.

CONTRACEPTION AND PREGNANCY IN WOMEN

Contraception. All patients must be well informed of the
risks of pregnancy associated with their condition and the
available options to avoid pregnancy when desired. The
risks of pregnancy vary widely among the specific types of
CHD (see subsequent discussion). There are no systematic
outcome data on the safety of contraceptive methods in
women with CHD. The choice of contraceptive method is
usually made by the patient. However, it is the responsibility
of the physician to provide thorough counseling about the
risk of unplanned pregnancy in the case of non-compliance,
poor acceptance or failure of the contraceptive technique,
and any risk associated with the specific method including
infective and thromboembolic complications. In considering
surgical sterilization because of high risk, the patient should
be fully informed of the potential for medical advances that
may permit future pregnancy at lower risk.

Pregnancy risk. Pregnancy in women with CHD not
complicated by Eisenmenger syndrome is associated with a
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low mortality (10-12). However, potential risk factors for
maternal morbidity include poor maternal functional class,
poorly controlled arrhythmias, heart failure, cyanosis, sig-
nificant left heart obstruction, and a history of cerebral
ischemia (10-14). Cyanosis is a risk factor for fetal and
neonatal complications (10-12,14). On the basis of these
risk factors, patients can be stratified into low-,
intermediate-, or high-risk categories (12). An absence of
these risk factors would generally place patients into a
low-risk category. The highest risk is associated with
Eisenmenger syndrome, in which postnatal maternal mor-
tality can exceed 50%. Because much of the current data are
based on retrospective case series from tertiary care institu-
tions, one should exercise caution in risk stratification of
pregnant women with uncommon conditions such as Mus-
tard/Senning or in those who have had a Fontan procedure
(15-17). Patients with these lesions or procedures should be
placed in the intermediate-risk category until additional
data become available. The risk of in vitro fertilization for
surrogate pregnancy in high-risk women with CHD has not
been defined. Medical or surgical termination of pregnancy
in intermediate or high-risk patients requires careful mon-
itoring, and preferably it should be done in a regional
ACHD center.

Special needs of pregnancy. Women with heart disease
who are at intermediate or high risk or an uncertain level of
risk for complications should be managed in a high-risk
perinatal unit by a multidisciplinary team including an
obstetrician, cardiologist, anesthesiologist, and pediatrician.
The team should meet early in the patient’s pregnancy to
review the cardiac lesion, anticipated effects of pregnancy,
and potential problems and to develop a management plan.
Specific issues that need to be considered include the timing
and mode of delivery, the type of anesthesia to be used, the
need for hemodynamic monitoring before and after delivery
and the use of antibiotic prophylaxis. Women with heart
disease in the low-risk group can usually be managed in a
community hospital setting.

Risk of recurrence of CHD in offspring. Genetic coun-
seling regarding etiology, inheritance, recurrence risk, and
prenatal diagnosis options should be made available to all
patients with CHD. It is important to obtain the patient’s
prenatal and postnatal history, including maternal exposure
to teratogens, as well as a detailed family history, and to
perform a thorough examination looking for congenital
abnormalities (18).

In all women contemplating pregnancy, exposure to
teratogens should be investigated; in some cases, finding an
alternative medication will be necessary. Angiotensin-
converting enzyme inhibitors and angiotensin II receptor
antagonists should not be used during pregnancy. Medica-
tions for which substitution should be considered include
warfarin and amiodarone. No medications, including over-
the-counter preparations, should be taken during pregnancy
without physician approval. Preconception consumption of
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multivitamins including folic acid decreases the incidence of
CHD (19).

Knowledge of the genetic basis of CHD is expanding
rapidly. The role of genetic testing is evolving, and genetic
counseling should be made available. The recurrence rate of
CHD in offspring is variable, ranging from 3% to 50%. A
higher recurrence risk when the mother rather than the
father is affected has raised the possibility of mitochondrial
inheritance in some patients (20). Diseases with a single
gene disorder and/or chromosomal abnormalities are asso-
ciated with a high recurrence rate. In Marfan, Noonan, and
Holt-Oram syndromes, there is a 50% risk of recurrence.

Fetal echocardiography at 16 to 18 weeks gestation
should be available to all patients with CHD. Chorionic
villus sampling or amniocentesis may be useful after discus-
sion of the potential risks and benefits.

EXERCISE TOLERANCE AND REHABILITATION

Exercise data. The ability to exercise is one measure of
quality of life, and it is used to assess the effect of disease,
the results of treatment, and the ability to tolerate the stress
associated with pregnancy or needed surgery. There have
been numerous studies of exercise tolerance in children and
adolescents with CHD but very few studies in adults.
Adults with pulmonary stenosis have well-preserved but
still subnormal exercise tolerance. Exercise tolerance for
adults with aortic stenosis or a ventricular septal defect
(VSD) is subnormal and even less than that for adults with
pulmonary stenosis. Rather surprisingly, two investigators
have reported that exercise tolerance is subnormal for
patients who had repair of an atrial septal defect (ASD).
Reybrouck et al. (21) have demonstrated that the age when
closure of an ASD is performed influences postoperative
exercise tolerance. Adults with complex conditions, such as
Ebstein’s anomaly or a single ventricle, have a markedly
abnormal exercise tolerance. There are few studies of exer-
cise tolerance of adults with transposition of the great
arteries, pulmonary atresia with or without VSD, and other
complex conditions. However, studies of children and
adolescents with these defects show subnormal exercise
tolerance, and it is assumed that exercise tolerance would be
no greater in adults with similar defects.
Recommendations for athletic participation for patients
with CHD were published in the 26th Bethesda Confer-
ence (22) and are the best consensus data available.
Exercise training and rehabilitation. Because adults with
CHD have subnormal exercise tolerance, an obvious ques-
tion is whether physical conditioning reduces symptoms and
improves exercise tolerance and quality and/or length of life.
These issues have not been studied. There are numerous
studies validating the benefits of exercise for healthy adults
and those with coronary artery disease (23). There have
been several studies of the utility of exercise programs for
children with CHD (24,25). Despite major design prob-
lems, these studies demonstrate that a structured rehabili-
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tation program can increase exercise efficiency. Improved
exercise performance (i.e., maximal oxygen consumption)
was not demonstrated in most studies. Because all of these
studies were small, a survival benefit could not be demon-
strated. An alternative to a costly structured rehabilitation
program is a simple home program of physical rehabilita-
tion, which was successful in one study (26). The efficacy
and safety of a structured exercise rehabilitation program for
adults with CHD are unknown. Issues that require further
study in adult patients include the efficacy of such a program
in improving fitness and aerobic capacity, the safety of such
programs, and the interaction between congenital and
acquired heart disease.

PSYCHOSOCIAL ISSUES

Only recently have patients with complex CHD survived
into adult life in large numbers. Their survival creates hope
that continuing advances will help them maintain both
quality of life and longevity. However, patients may expe-
rience despair due to their awareness of residual morbidities
and the knowledge of possible or probable early mortality,
or limitations in their social lives and educational or occu-
pational attainment. Healthy psychosocial functioning de-
pends on their ability to balance hope and despair. Adults
with CHD must also confront both CHD-specific and
general developmental tasks. Psychosocial issues may be
affected by lesion severity (simple vs. complex), visibility
(e.g., cyanosis), and functional disability (27).

Life-span development and CHD. Table 1 is a proposed
model outlining developmental tasks faced by individuals
with CHD, beginning in adolescence; this model could be
tested in future studies.

Physical development. Adults with CHD may struggle
with physical appearance (e.g., scars, smaller body size,
cyanosis, clubbing), physical limitations, and acute or grad-
ual decreases in physical functioning (28-30). Physical
decline may be difficult to deal with, as peers are often less
able to empathize with these changes.

Social and family relations. Adults with CHD are less
likely to be married or cohabiting or to have children and are
more likely to live with their parents, as compared with
healthy peers (31,32). These differences may reflect life-style
decisions made based on beliefs or knowledge regarding
shortened life-expectancy, concerns about pregnancy risks,
economic constraints, or the need for social support (33,34).
Patients limiting themselves due to misinformation need
counseling. Difficulty discussing CHD issues with family or
friends is common among adolescents and young adults
with CHD, especially among patients whose parents rarely
discussed their own disease (35). Patients and their families
may need assistance in finding a balance between indepen-
dence and interdependence that optimizes the psychosocial
and physical health of the patient with CHD. Adolescent
and young adult patients, in particular, may need assistance
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