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OBJECTIVES The purpose of this study was to evaluate adult congenital heart disease (CHD) training
among U.S. cardiology fellowship programs.

BACKGROUND Although training recommendations for caring for adults with CHD exist, the educational
patterns and numbers of specialists remain unknown.

METHODS We surveyed U.S. directors of 170 adult cardiology and 45 pediatric cardiology (PC)
fellowship programs. Adult program surveys contained 1 single-response and 10 multiple-
choice questions; pediatric program surveys contained 1 single-response and 13 multiple-
choice questions.

RESULTS Ninety-four adult cardiology fellowship directors (55%) and 34 PC directors (76%) re-
sponded. Of adult programs, 70% were in university hospitals and 40% were associated with
PC groups. Those with PC-affiliation had more adult CHD clinics (p � 0.02) and more adult
CHD inpatient (p � 0.02) and outpatient (p � 0.002) visits than those without PC
affiliation. Most PC programs were in children’s hospitals (38%) or children’s hospitals within
adult hospitals (50%). Eighty-two percent had associated adult cardiology programs. Pediatric
programs followed adult CHD patients in various care settings. Over one-third of adult and
pediatric programs had �3 lectures annually regarding adult CHD. Nine adult and 2
pediatric programs offered adult CHD fellowships, and only 31 adult and 11 pediatric fellows
pursued advanced CHD training in the last 10 years.

CONCLUSIONS Adult CHD didactic and clinical experiences for cardiology fellows vary widely. Few
programs offer advanced CHD training, and the number of specially trained physicians is
unlikely to meet projected workforce requirements. Adult cardiology programs with PC
affiliation have increased CHD experience and might provide good educational
models. (J Am Coll Cardiol 2005;46:893–8) © 2005 by the American College of

ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.05.062
Cardiology Foundation
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stimates suggest that there are 650,000 to 1.3 million
dults with congenital heart disease (CHD) in the U.S., and
hat this number is projected to continue growing at 5% per
ear for at least the next several years (1–3). Importantly, at
east one-half of these patients will likely require care by a
hysician specializing in CHD (1,2,4). This large number of
dult CHD patients and their increasing complexity pose a
ilemma for both patients and physicians: who will care for
he patients? Although pediatric cardiologists are trained in
he diagnosis and treatment of CHD, they lack training in
he other medical and psychosocial issues of adult patients.
imilarly, adult cardiologists, although familiar with the

llnesses of adulthood, receive relatively little CHD training.

From the *Division of Cardiology, Department of Pediatrics, Mattel Children’s
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alifornia; and the †Ahmanson Adult Congenital Heart Disease Center, Division of
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03 HS13217-01) and the National Center for Research Resources, National

nstitutes of Health (1 K23 RR17041-01).
a
Manuscript received October 16, 2004; revised manuscript received May 7, 2005,

ccepted May 17, 2005.
any CHD patients continue to see a pediatric cardiologist
nto adulthood, but approximately 4% of patients seen by
eneral adult cardiologists have CHD (5). Recent evidence
trongly suggests that there are not enough physicians with
pecialized training to care for the increasing number of
dult CHD patients (2).

Training in CHD for adult cardiology fellows was ad-
ressed by the American College of Cardiology in the 1995
ecommendations for Training in Adult Cardiovascular
edicine Core Cardiology Training (COCATS) Task

orce 9, the COCATS II revision in 2002, and in the 32nd
ethesda Conference Task Force 3 (6–8). At the present

ime, there are no formal recommendations for adult CHD
raining in pediatric cardiology (PC) fellowship programs.
n light of these guidelines and predictions of increased
orkforce needs, this study examines training patterns for

ll cardiology fellows in adult CHD.

ETHODS

e surveyed the program directors of accredited (by the
ccreditation Council for Graduate Medical Education)
dult cardiology and PC fellowship programs in the U.S.
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ach survey was sent by facsimile up to three times to
on-respondents over a four-month period, leaving at least
ne month each time to respond. In the adult program
irector survey, there were 1 single-answer and 10 multiple-
hoice questions; in the pediatric program director survey,
here were 1 single-answer and 13 multiple-choice ques-
ions. The pediatric program directors survey required
dditional questions, owing to the presence of free-standing
hildren’s hospitals and different regulations regarding care
f adults in pediatric facilities. Both surveys investigated the
ollowing areas: program demographics (size, geographic
ocation, setting, hospital type, affiliation with pediatric or
dult cardiology for programs of the opposite type, and
redominant patient insurance type), educational compo-
ents (didactic lectures and specified adult CHD fellowship
raining program), patient exposure (number of inpatients
nd outpatients evaluated, locations of care delivery and a
edicated adult CHD clinic), and the number of fellows
btaining additional adult CHD training in the past 10
ears. For the patient exposure questions, the diagnoses of
atent foramen ovale, bicuspid aortic valve, and mitral valve
rolapse were excluded.
Survey response percentages were calculated with the

otal number of responses per question as the denominator
or that question. For the single-response questions, answers
ere tabulated. Descriptive statistics were obtained for the
verall group. In the adult survey group, we used multivar-
ate logistic regression to evaluate factors associated with
HD didactic training and patient exposure. Categorical
ata was compared with the chi-square test. A p value
0.05 was considered statistically significant, and all statis-

ical analyses were performed with SPSS 12 for Windows
SPSS Inc., Chicago, Illinois).

ESULTS

he survey was sent to 170 of the 180 adult cardiology
ellowship training programs, because 10 were unreachable
y fax. The pediatric survey was sent to all 45 PC fellowship
rogram directors. Ninety-four adult (55%) and 34 pediatric
76%) program directors responded. Descriptive results
rom adult and pediatric programs are displayed in Tables 1
nd 2, respectively. Forty percent of responding adult
rograms were affiliated with PC groups, and 82% of
ediatric programs were affiliated with adult cardiology
roups. Seventy percent of adult responders and 100% of
ediatric responders were affiliated with or at university

Abbreviations and Acronyms
CHD � congenital heart disease
COCATS � Core Cardiology Training

(Recommendations for Training in Adult
Cardiovascular Medicine)

PC � pediatric cardiology
ospitals. Of the adult programs, 70% were in university
A
H

ospitals and the other 30% of responders were divided
etween community hospitals, county hospitals, Veterans
dministration hospitals, and other types of facilities. In the
ediatric programs, 38% were in free-standing children’s
ospitals, 50% were in children’s hospitals within an adult
ospital, and 12% were in tertiary hospitals. Both adult and
ediatric programs were geographically well distributed, and
ost of the fellowship programs were medium-sized with 6

o 20 adult fellows (76%) or 4 to 9 pediatric fellows (59%).
or adult programs, the non-responders were not signifi-
antly different in the percentage of university hospitals
p � 0.11) or geographic distribution (p � 0.39). Over
ne-half of the 11 non-responding pediatric programs were
n the South and none were in the West. The Central and
ast distributions were similar to responders. When asked

bout the predominant type of insurance for their patient
opulation, 53% of adult programs and 50% of pediatric
rograms reported public insurance, and the rest were divided

able 1. Descriptive Characteristics of CHD Training in Adult
ardiology Fellowship Programs

Adult Cardiology
(n � 94)

niversity affiliation 66 (70%)
rogram type
University hospital 66 (70%)
Community 11 (12%)
County 2 (2%)
VA 1 (1%)
Other 14 (15%)
eography (n � 94)
East 36 (38%)
Midwest/Central 20 (21%)
South 21 (22%)
West 17 (18%)

redominant insurance source (n � 93)
Public 49 (53%)
Private 27 (18%)
HMO 8 (9%)
Uninsured 2 (2%)
Mixed/other 17 (18%)
umber of fellows (n � 93)
1–5 8 (9%)
6–10 26 (28%)
11–20 45 (48%)
�20 14 (15%)
idactic lectures (n � 94)
1–3 37 (39%)
4–6 33 (35%)
7–10 12 (13%)
�10 12 (13%)

CHD clinic and setting (n � 93)
General cardiology 53 (57%)
�1/week ACHD 7 (8%)
Weekly ACHD 10 (11%)
2�/month ACHD 8 (9%)
Monthly ACHD 6 (6%)
Other 9 (10%)

CHD fellowship programs 9 (10%)
Fellows in past 10 yrs 31
CHD � adults with congenital heart disease; CHD � congenital heart disease;
MO � health maintenance organization; VA � Veterans Administration.
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etween private insurance, health maintenance organization,
ninsured, and mixed or other types of insurance.

All cardiology fellowship programs had some didactic
raining in adult CHD but over one-third of adult and
ediatric programs had �3 lectures per year (Tables 1 and
). In the adult cardiology fellowship programs, over 60%
valuated �10 outpatients with CHD per month, and only
9% saw �20 per month (Fig. 1). Regarding inpatients,
ver two-thirds of adult programs (69%) evaluated �5 per
onth, and only 10% of programs saw �11 per month (Fig.

). In the majority of adult programs (57%), adult CHD
utpatients were followed in the general cardiology clinics.
he other programs had dedicated clinics for adult CHD
atients ranging from monthly to �1 per week (Table 1).
In multivariate logistic regression analysis, there was no

elation between inpatient exposure or didactic lectures and
eographic location, setting, primary patient insurance type,
r affiliation with a PC program; however, the relation
etween both outpatient experience and a specified adult

able 2. Descriptive Characteristics of CHD Training
n Pediatric Cardiology Fellowship Programs

Pediatric Cardiology
(n � 34)

rogram type
University affiliation 34 (100%)
Children’s hospital 13 (38%)
Children’s within adult hospital 17 (50%)
Combined 4 (12%)
eography (n � 34)
East 10 (29%)
Midwest/Central 11 (32%)
South 6 (18%)
West 7 (21%)

redominant insurance source (n � 32)
Public 16 (50%)
Private 9 (28%)
HMO 5 (16%)
Uninsured 0 (0%)
Mixed/other 2 (6%)
umber of fellows (n � 34)
1–3 9 (26%)
4–6 14 (41%)
7–9 6 (18%)
�10 5 (15%)
idactic lectures (n � 34)
1–3 14 (41%)
4–6 9 (26%)
7–10 6 (18%)
�10 5 (15%)

CHD clinic and setting (n � 28)
General cardiology 13 (46%)
�1/week ACHD 3 (10%)
Weekly ACHD 6 (21%)
2�/month ACHD 3 (11%)
Monthly ACHD 1 (4%)
Other 2 (7%)

CHD fellowship programs 2 (6%)
Fellows in past 10 yrs 11

bbreviations as in Table 1.
HD clinic to PC affiliation was statistically significant.
o
g

rograms with (n � 38) and without (n � 45) PC affiliation
ere compared in a univariate analysis to assess differences

n training and program characteristics (Table 3). The
rograms in which an affiliation with PC could not be
etermined were excluded. There were no significant dif-
erences in geographic location, setting, primary insurance
ource, number of fellows, or number of didactic lectures per
ear. Adult cardiology fellowship programs with PC affili-
tion had significantly more exposure to CHD inpatients (p

0.02) and outpatients (p � 0.002) and were more likely
o have a dedicated adult CHD clinic (p � 0.02).

In addition to the questions asked of adult program
irectors, the pediatric program directors were asked about
he setting of adult CHD patient evaluation. Regarding the
valuation of adult inpatients, 12% did not allow adults to be
een in the pediatric facility, 18% saw �5 per month, 37%
aw 5 to 10, and 33% saw �11 per month (Fig. 2). Fifteen
rograms responded that the adult inpatients were admitted
o both pediatric and adult hospitals or exclusively to adult
acilities. In this mixed group, the patients were predomi-
antly treated by adult CHD specialists (60%), a combina-
ion of pediatric and adult cardiologists (27%), or other
odels using nurse practitioners or adult cardiologists (6%

ach). For outpatient care, 3% did not allow the care of
dults in the pediatric clinic, 40% saw �30 adult CHD
atients per month, another 39% saw 11 to 29 per month,
2% saw 5 to 10 per month and 6% evaluated �5 per month
Fig. 2). In 11 of the pediatric programs, adult CHD
atients were also or exclusively followed at sites other than

igure 1. Average number of adult congenital heart disease inpatients and

utpatients evaluated per month in the adult cardiology fellowship pro-
rams.
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he PC clinic. Of these 11, 7 sent patients to adult CHD
enters, 1 each had patients followed in clinics with adult
nd pediatric cardiologists or adult cardiologists alone, and
were followed in other types of settings. When patients
ere followed in the pediatric outpatient clinic, 46% were

een along with general PC clinics, 46% were seen in clinics
pecifically for adult CHD patients varying from monthly to
1 per week, and 7% were seen in other settings (Table 2).
Regarding specified adult CHD fellowship training pro-

rams, nine adult cardiology programs offered a fourth-year
ellowship in adult CHD. According to the adult program
irectors, over the last 10 years, only 31 of approximately
,500 to 7,000 adult cardiology fellows trained nationally (9)
eceived this additional training in adult CHD. In pediat-
ics, only two program directors responded as having a
rogram in place. Two additional programs responded that

Table 3. Comparison of Congenital Heart Dis
Fellowship Programs With or Without Affiliat

Wi
C

Primary insurance
Private
HMO
Public
Uninsured
Other or multiple responses

Geographic region
East
Central
South
West

Setting
Urban
Small urban
Suburban
Rural

Number of fellows in program
1–5
6–10
11–20
�20

Number of didactic lectures per yr
0
1–3
4–6
7–10
�10

Number of ACHD outpatients/month
0–10
�10

Number of ACHD inpatients/month
�5
�5

Type of specified ACHD clinics/month
No specified ACHD clinic
At least monthly ACHD clinic

The numbers do not add up to the total number of responden
every question.

Abbreviations as in Table 1.
hey would have adult CHD fellowship programs soon. a
hen asked about the number of fellows from pediatric
rograms obtaining adult CHD training in the past 10
ears, the program directors recalled only 11 of approxi-
ately 700 PC fellows trained in that time period.

ISCUSSION

raining of adult cardiology and PC fellows in adult CHD
aries widely among training programs. The COCATS
1995) and COCATS II (2002) guidelines describe training
or three levels of expertise in CHD for adult cardiology
ellows (6,7). Level 1 is recommended for all fellows and
ncludes at least three hours of didactic lectures to cover
HD topics of anatomy, physiology, pathology, genetics,
atural history, and clinical presentation, along with patient
xposure on a regular basis and involvement in an ongoing

Training Between Adult Cardiology
ediatric Cardiology

diatric
logy
38)

Without Pediatric
Cardiology

(n � 45) p Value

0.05
4
2

30
2
7

0.9
18
10
10
7

0.1
24
10
5
4

0.12
7

11
18
5

0.81
0

20
15
6
4

0.002
30
10

0.02
35
9

0.02
34
10

ome questions. This is because not all respondents answered
ease
ed P

th Pe
ardio

(n �

12
3

17
0
6

13
9
8
8

21
15
2
0

1
8

21
8

0
15
13
4
6

15
23

21
17

20
18

ts in s
dult or pediatric CHD clinic. Levels 2 and 3 require an
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dditional one to two years of training and include the
bility to independently perform transthoracic and trans-
sophageal echocardiography and diagnostic catheteriza-
ion. Pediatric cardiology fellows are well-trained in CHD
ut lack expertise in adult onset disease and the approach to
he adult patient. At the present time, there are no formal
raining guidelines for pediatric fellows regarding the care of
dults with CHD. Our results suggest that a number of
dult cardiology programs are providing Level 1 training or
ven less. The pediatric fellows receive about the same
istribution of lectures on adult CHD topics but seem to
valuate a larger number of patients, given that there are
ore outpatients reported in the clinics and fewer fellows

er program than in the adult programs.
The pediatric programs have a wide variety of models of

aring for adult patients involving different physical inpa-
ient and outpatient settings as well as different affiliations
ith other providers, including adult CHD specialists, adult

ardiologists, and nurse practitioners. Impressively, the
umber of fellows receiving specialized training in CHD
rom adult or pediatric programs is low, and only a few
enters in the country provide this training. The majority of
he fellows with specialized training to care for adults with
HD are coming from programs based in adult cardiology,

lthough, as a percentage of fellows graduating from adult
ardiology and PC fellowships, more are coming from
ediatrics (0.4% vs. 1.4%).
The actual number of adult CHD specialists currently

igure 2. Average number of adult congenital heart disease inpatients and
utpatients evaluated per month in children’s hospitals in the pediatric
ellowship programs.
equired is unknown, but can be estimated from published p
eports. In 1996, there were approximately 21,000 active
ardiovascular disease practitioners (including 1,400 pediat-
ic cardiologists and 300 cardiothoracic surgeons). The
stimated number of general cardiology patients followed by
ach adult cardiologist was 1,032 (10). A conservative
urrent estimate of adult CHD patients requiring special-
zed care is 250,000 patients (2). With the estimate of 1,032
atients per cardiologist, this population needs at least 250
eographically diverse full-time physicians specializing in
dult CHD. Because these patients are typically more
omplex than the general adult cardiology patient, this
opulation will likely require an even larger number of
hysicians. Importantly, the relatively small number of U.S.
ediatric cardiologists, and only approximately 75 new
raining positions yearly, will not be able to completely
bsorb this large patient group. Although we recognize that
ur survey results might be contaminated by recall bias and
hat more adult CHD-trained practitioners might exist, the
umber of adult and pediatric cardiologists with special
raining in the care of adults with CHD remains far below
hat required to serve this population.

Although various solutions have been proposed to in-
rease the workforce to care for adult CHD patients, the
hortage is already great. Suggestions for combined adult-
ediatric cardiology fellowship programs and an increased
ole for medicine-pediatrics residents are excellent but face
ignificant challenges and will take time to fully implement
4,11). A potentially more practical solution is to use
xisting successful models as a basis to improve coordination
n the training of physicians and the clinical care of adults
ith CHD. Larger regional academic centers should be

ncouraged to formalize programs to care for adult CHD
atients and educate adult cardiology and PC fellows. Care
n other regions might include adult and pediatric cardiol-
gists forming alliances or consulting with one another and
dult CHD specialists. Our data show that the PC-affiliated
dult cardiology programs offer greater adult CHD-patient
xperience, suggesting that, for fellow education, it is
mportant for adult cardiology programs to develop training
elationships with pediatric cardiologists. This approach
ight include more detailed curriculum guidelines for

eaching such topics as embryology, CHD physiology, and
he influence of adult conditions, such as coronary artery
isease, diabetes, or pregnancy. This same integrative ap-
roach would also improve the education of PC fellows with
egard to adults with CHD and adult-onset cardiovascular
isease. Although not a focus of this study, this integration
ight also prove beneficial to the education of PC fellows in

he prevention of risk factors for adult cardiovascular disease
hat are now appearing in childhood, such as obesity,
ypertension, and metabolic syndrome.
Our study has some important limitations. The response

ates of 55% and 76%, although good for physician surveys
12), might not be representative of all cardiology fellowship
raining programs. Also, the information obtained from

rogram directors might be limited by recall bias, although
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t is more likely that the results overestimate education,
atient exposure, and even program diversity, because the
rograms with little adult CHD training might have been

ess likely to respond.
onclusions. The training of adult cardiology and PC

ellows in CHD varies widely and occurs in multiple types
f settings. Importantly, there are few programs offering
dvanced adult CHD training, and this study suggests that
he number of fellows currently receiving specialized train-
ng in CHD will not meet estimated workforce require-

ents. Adult cardiology fellowship programs with affiliated
C programs have increased exposure to patients with
HD and might provide good models for an evolving CHD

ducational model.
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