
September 15, 2009 ◆ Volume 80, Number 6	 www.aafp.org/afp� American Family Physician  597

Radiologic Evaluation of Suspected 
Congenital Heart Disease in Adults
VINCENT B. HO, MD, MBA, Uniformed Services University of the Health Sciences, Bethesda, Maryland

 T
he number of adults in North 
America who have congenital 
heart disease (CHD) has steadily 
increased over the past 30 years.1,2 

Although this increase is partly because of 
the growth of the adult population, it may be 
more attributable to improvements in surgi-
cal management, which have resulted in a 
greater than 90 percent 10-year survival rate 
in persons with CHD.3 Between 1979 and 
1997, mortality from CHD decreased 39 per-
cent in the United States.4 In North America, 
at least 500,000 adults have had surgical 
correction of CHD, with nearly 50 percent 
requiring two or more surgeries, and 23 per-
cent requiring three or more.2,3,5 

Congenital heart lesions may become 
symptomatic any time from birth to adult-
hood. At least 10 percent of persons with 
CHD have lesions that are typically not diag-
nosed until adulthood, such as secundum 
atrial septal defect (ASD) and congenitally 
corrected transposition of the great arteries 
(a condition in which the aorta and pulmo-
nary artery are transposed, as are the ven-
tricles, resulting in congenital correction 
of circulation).1,2 Patients with some types 
of common CHD lesions often survive into 
adulthood (e.g., those with bicuspid aor-
tic valve, congenital forms of mitral valve	

prolapse, coarctation of the aorta, ASDs, 
pulmonary valve stenosis, patent ductus 
arteriosus, or tetralogy of Fallot).2

Diagnostic imaging procedures for adults 
with suspected CHD include chest radi-
ography, echocardiography (transthoracic 
and transesophageal), nuclear scintigraphy, 	
cardiac-gated computed tomography (CT), 
magnetic resonance imaging (MRI), and car-
diac catheterization and angiography. The 
evaluation of CHD often requires the accurate 
assessment of not only intra- and extracardiac 
anatomy, but also hemodynamics and func-
tion. Adults with CHD have the additional 
clinical considerations of acquired comor-
bidities (e.g., hypertension, atherosclerosis, 
occlusive coronary artery disease, pulmonary 
disease, renal disease) that may complicate 
their medical or surgical treatment.2

Illustrative Case
A 40-year-old woman presented with a one-
year history of worsening dyspnea on exer-
tion that was sometimes associated with 
vague chest pain. She had no history of car-
diopulmonary disease and was not taking 
any medications. Electrocardiography was 
nonspecific, and the physical examination 
was significant only for a mild systolic mur-
mur at her left lower sternal margin. Chest 
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radiography suggested right heart enlarge-
ment. Transthoracic echocardiography 
(TTE) revealed mild to moderate enlarge-
ment of the right atrium and right ventricle, 
and moderate tricuspid insufficiency. Left 
ventricular function was normal (ejection 
fraction of 55 to 60 percent). Transesopha-
geal echocardiography (TEE) was performed 
to evaluate for left-to-right shunt. TEE 
revealed two ASDs and probable right upper 

partial anomalous pulmonary venous return 
(PAPVR). The left superior and inferior pul-
monary veins were noted to drain normally 
to the left atrium, but the right inferior pul-
monary vein was not identified.

Cardiac MRI was ordered to assess the 
pulmonary venous drainage (especially the 
right pulmonary veins) and intracardiac 
anatomy, to evaluate for additional extracar-
diac lesions, and to quantify the left-to-right 
shunt (i.e., pulmonic to systemic blood flow 
[Qp:Qs] ratio). MRI confirmed the echo-
cardiographic diagnosis of ASDs, right heart 
enlargement, and tricuspid insufficiency 
(Figure 1). MRI and gadolinium-enhanced 
three-dimensional magnetic resonance 
angiography (MRA) revealed normal left 
superior and inferior pulmonary veins, and 
a diminutive right inferior pulmonary vein 
draining normally to the left atrium, with 
the remainder of right pulmonary venous 
return draining via a large right upper 
PAPVR to the junction of the superior vena 
cava and right atrium (Figures 2 and 3). MRI 
showed the Qp:Qs ratio to be greater than 
3:1 (i.e., a significant left-to-right shunt). An 
exercise stress-rest, dual-isotope (thallium 
201 and technetium 99m sestamibi) single 
photon emission CT (SPECT) examination 
was performed before surgery to exclude the 

Figure 2. Axial bright blood magnetic resonance imaging (left) reveals a large right upper 
PAPVR (arrow) draining into the right atrium. An oblique coronal bright blood image 
(right) better demonstrates the direct drainage of the right upper PAPVR (long arrow) to 
the right atrium at its junction with the superior vena cava (short arrow). (LA = left atrium;  
PAPVR = partial anomalous pulmonary venous return; RA = right atrium; RV = right ventricle.)

Figure 1. Long-axis, four-chamber, systolic 
bright blood magnetic resonance imaging 
reveals one of the atrial septal defects (short 
arrow), and enlargement of the right atrium 
and right ventricle. This image also shows 
a systolic regurgitant flow jet (long arrow) 
emanating from the tricuspid valve, consis-
tent with tricuspid insufficiency. (LA = left 
atrium; LV = left ventricle; RA = right atrium; 
RV = right ventricle.)
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possibility of concomitant occlusive coro-
nary artery disease. The stress-rest SPECT 
examination was normal, and the patient 
subsequently underwent surgical closure of 
the ASDs and rerouting of the right upper 
PAPVR to the left atrium.

Imaging
The American College of Radiology Appro-
priateness Criteria for the imaging tests used 
in the evaluation of adults with suspected 
CHD are listed in Table 1.6,7 A more detailed 
discussion has been published previously.7 

The illustrative case above highlights an 
application of imaging used in the evalua-
tion of adults with CHD. Chest radiography 
was initially performed but was nonspecific, 
requiring TTE and then TEE for the identi-
fication of the underlying ASDs and PAPVR. 
Cardiac MRI with MRA played an important 
adjunctive role by delineating the pulmo-
nary venous return, excluding the presence 
of additional cardiovascular lesions, and 
quantifying the left-to-right shunt.

Table 1. Radiologic Evaluation of Suspected Congenital Heart Disease in Adults

Procedure
Appropriateness 
rating* Comments

Chest radiography 9 Recommended in combination with TTE

Ultrasound TTE with Doppler 9 Recommended in combination with chest radiography

Heart MRI 8 May be performed as adjunct to TTE by trained operator if additional 
information is required; see comments regarding contrast in referenced 
article under “Anticipated Expectations”7

Coronary artery CT 
angiography

7 Preferred technique for suspected coronary anomalies; can also be used for 
evaluation of coronary artery disease

Ultrasound TEE 7 May be performed as adjunct to TTE by trained operator if additional 
information is required

Chest magnetic resonance 
angiography

6 To evaluate associated vascular abnormalities; see comments regarding 
contrast in referenced article under “Anticipated Expectations”7

Heart CT with contrast 6 May be an alternative to MRI and TTE or TEE

Cardiac catheterization with 
angiography 

5 Adjunctive to noninvasive testing, for hemodynamic measurements or 
coronary artery status, or if other diagnostic information is required

Heart nuclear scintigraphy 4 May be used for perfusion in patients with suspected ischemic heart disease

Nuclear shunt detection 4 Alternative to MRI for shunt quantification

CT = computed tomography; MRI = magnetic resonance imaging; TEE = transesophageal echocardiography; TTE = transthoracic echocardiography.

*—American College of Radiology Appropriateness Criteria scale: 1 = least appropriate to 9 = most appropriate.

Adapted with permission from American College of Radiology. ACR Appropriateness Criteria: suspected congenital heart disease in the adult. http://
acsearch.acr.org/VariantList.aspx?topicid=68689. Accessed August 3, 2009.

Figure 3. Reformatted posterior view from 
gadolinium-enhanced three-dimensional 
magnetic resonance angiography reveals 
three pulmonary veins draining into the 
left atrium: a left superior pulmonary vein, 
a left inferior pulmonary vein, and a small 
right inferior pulmonary vein (long arrow). 
The inferior pulmonary vein drains the right 
lower lobe. The remainder of the right lung 
(i.e., right middle and right upper lobes) 
drains via the large right upper PAPVR that 
empties anteriorly into the right atrium (*). 
(LA = left atrium; LIPV = left inferior pulmo-
nary vein; LSPV = left superior pulmonary 
vein; PAPVR = partial anomalous pulmonary 
venous return.)
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CHEST RADIOGRAPHY

Posteroanterior and lateral chest radiogra-
phy is widely available and remains a basic 
first-line imaging technique for adults with 
suspected CHD. Chest radiography may 
provide the first suggestion of a congeni-
tal lesion, such as a great vessel anomaly.1,8 
Chest radiographs can readily illustrate car-
diopulmonary and mediastinal contours, 
pulmonary vascularity, pathologic calcifica-
tion, and evidence of previous intervention 
(e.g., metallic surgical clip, valve, stent), but 
they typically provide insufficient informa-
tion for definitive diagnosis of CHD.

ECHOCARDIOGRAPHY

TTE is a crucial initial imaging study in adults 
with suspected CHD. Two-dimensional TTE	
using color Doppler is well suited for rapid 
evaluation of cardiac morphology, func-
tion, and blood flow. Three-dimensional 
TTE can supply more information than tra-
ditional two-dimensional TTE,9 but it may 
be non-diagnostic in up to 27 percent of 
patients.10 TTE has several limitations, such 
as high operator dependence that diminishes 
its reproducibility.11 In adults, especially 	
postoperative patients, the acoustic windows 
may be poor and can preclude adequate CHD 
assessment.2,12,13 In these situations, TEE and 
MRI have important roles.

Compared with TTE, TEE can provide a 
new or alternative diagnosis (14 percent) or 
new information (56 percent) in adults with 
CHD.14 Limitations include limited planes of 
view, poor visualization of specific regions 
(e.g., apicoanterior septum and right ventric-
ular outflow tract, pulmonary valve, distal 
right pulmonary artery, proximal left pulmo-
nary artery), and blind areas such as those cre-
ated by masking of blood flow by implanted 
prosthetic material.14 TEE is also an invasive 
examination and is operator-dependent.15

RADIONUCLIDE IMAGING

Historically, radionuclide imaging has been 
used for the evaluation of ventricular func-
tion and quantification of cardiac shunts in 
adults with CHD.16,17 However, many of these 
indications are now more readily evaluated 
with MRI, which provides superior anatomic 

illustration of CHD lesions and does not 
require the radiation exposure inherent with 
radionuclide imaging. In patients who are 
unable to undergo MRI, nuclear scintigraphy 
is a viable alternative. As the illustrative case 
shows, stress-rest radionuclide SPECT imag-
ing is a valuable adjunctive study to exclude 
concomitant ischemic heart disease.

COMPUTED TOMOGRAPHY

Cardiac-gated CT scanners can quickly evalu-
ate the entire heart and great vessel region as a 
three-dimensional volume.18-20 Most types of 
congenital cardiac malformations have been 
described using this technique. Cardiac-gated 
CT can provide a variety of cardiac functional 
measurements, such as ventricular volumes, 
ejection fraction, regurgitant volumes, and 
myocardial mass. CT angiography (CTA) can 
identify congenital abnormalities of the coro-
nary arteries. However, CTA and cardiac CT 
require exposure to iodinated contrast mate-
rial and ionizing radiation.

MAGNETIC RESONANCE IMAGING

MRI is particularly useful for evaluating 
CHD.4,12,13,21-30 MRI can provide essential 	
morphologic and functional information for 
the management of CHD, without the con-
cerns of ionizing radiation and iodinated con-
trast material associated with cardiac CT. MRI 
can show turbulent blood flow (e.g., a flow 
jet) associated with septal or valvular lesions 
(Figure 1). Unlike CT, MRI allows direct mea-
surement of blood flow for quantification of 
left-to-right shunts, regurgitant fractions, 
and pressure gradients across stenoses and 
valves.30 Unlike echocardiography, MRI is not 
limited by an imaging “window,” and images 
can be obtained in essentially any plane for 
improved three-dimensional visualization of 
cardiac anatomy, which can be particularly 
complex in postoperative patients.25-27

Similar to CT, MRI can provide volumetric 
coverage of cardiac chambers for determina-
tion of cardiac metrics, such as ventricular 
volumes, ejection fractions, regurgitant vol-
umes, and myocardial mass.

MRI has some contraindications and 
limitations. Some patients have claustropho-
bia, but most can tolerate MRI with mild 	



Radiologic Evaluation of Suspected CHD

September 15, 2009 ◆ Volume 80, Number 6	 www.aafp.org/afp� American Family Physician  601

sedation. The presence of certain metallic 
devices, such as pacemakers, is generally con-
sidered a contraindication, although MRI has 
been performed safely under rigorous safe-
guards in patients with pacemakers.31 The 
administration of gadolinium chelate contrast 
agents may be problematic in some patients, 
such as those with a severe allergy to these 
agents or those at significant risk for nephro-
genic systemic fibrosis (e.g., renal failure with 
an estimated glomerular filtration rate of less 
than 30 mL per minute per 1.73 m2). How-
ever, unlike for cardiac CT, the use of contrast 
agents for MRI evaluation of patients with 
CHD is often unnecessary. Detection of calci-
fication is a limitation of MRI, so adults with 
homografts or bioprosthetic valved conduits 
in which the detection of calcification implies 
deterioration may not be optimally imaged.

TTE/TEE VS. MRI

MRI often provides information that is addi-
tive to that of TTE.13 In some evaluations, 
MRI can more reliably assess lesion sever-
ity and can be more successfully performed 
than TTE.32 MRI is comparable with TTE 
in the evaluation of isolated intracardiac 
defects, but MRI is often more useful in the 
diagnosis of complex congenital lesions, as 
well as lesions involving the right ventricu-
lar outflow tract or pulmonary arteries, and 
systemic-to-pulmonary shunts.33-35

TEE is superior to MRI in the evaluation 
of intracardiac anatomy in adults with CHD, 
but MRI is superior in assessing extracardiac 
anatomy.36 The two techniques provide simi-
lar overall diagnostic information. However, 
when TEE and MRI are used in combina-
tion, they provide important complementary 
information in all diagnostic categories.36

CARDIAC CATHETERIZATION  
AND ANGIOGRAPHY

Cardiac catheterization and angiogra-
phy have been the diagnostic gold stan-
dard for CHD for 50 years. For the past two 
decades, this technique has been increasingly 
supplemented by noninvasive diagnostic 	
modalities—initially, echocardiography and, 
more recently, MRI and cardiac CT. In 2001, 
a task force of the 32nd Bethesda Conference 

suggested the use of diagnostic catheteriza-
tion primarily to resolve specific issues related 
to surgical intervention, such as the preop-
erative evaluation of coronary arteries; the 
assessment of pulmonary vascular disease 
and its response to vasoactive agents for tra-
ditional surgical intervention and/or heart or 
heart/lung transplantation; and as an adjunct 
to noninvasive assessment for further delin-
eation of morphologic and functional charac-
teristics of complex congenital lesions.

Although diagnostic cardiac catheter-
ization continues to be performed, many 
patients with simple congenital cardiac 
defects now undergo surgery based on non-
invasive preoperative evaluation alone. Tech-
nical advances in echocardiography, cardiac 
CT, and MRI have been significant, and fur-
ther advances will likely expand the roles of 
these techniques in the evaluation of CHD 
and diminish the need for invasive diagnos-
tic catheterization and angiography.
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