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Abstract This study aimed to assess critically the role of
64-slice multidetector-row computed tomographic (MDCT)
angiography for evaluating congenital heart disease. The
study enrolled 60 consecutive patients (median age,
4.7 years; median weight, 16.5 kg) with congenital heart
disease who underwent 64-slice MDCT angiography during
the period June 2006 through September 2007. The results
were classified as diagnostic categories, and the impact of
the procedure on strategizing management was critically
analyzed. In each of the groups, the current technique
offered a clear advantage over conventional imaging and
provided specific clues for surgical/interventional manage-
ment. A management algorithm was evolved based on
questions frequently asked about pulmonary artery anat-
omy. The correlation with surgical anatomy in all cases that
involved surgery was excellent. Early results suggest that
64-slice MDCT angiography is a major breakthrough in
cardiovascular imaging with an important diagnostic and
decision-aiding role. Diagnostic cardiac catheterization,
especially for evaluating great vessel anomalies, could be
largely replaced by the described technique for congenital
heart disease.
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Introduction

Traditionally, cardiologists have relied on echocardiogra-
phy and conventional angiography to establish the
diagnosis of congenital heart disease. Both techniques have
potential limitations [12]. Echocardiographic study is
operator dependent and limited by an acoustic window,
especially in older children and adults [14]. Lung disease
further complicates the quality of the echocardiographic
image. Conventional angiography is an invasive procedure
with its inherent risks [6]. During angiography, overlapping
of pulmonary and systemic circulations may confuse the
picture of a complex anatomy.

The pediatric cardiology community has been in con-
stant search for an imaging method that is noninvasive with
high precision and no complications. The emergence of
magnetic resonance angiography (MRA) and 64-slice
multidetector computed tomographic (MDCT) angiogra-
phy has been a major technologic breakthrough in this
direction. The enhanced preoperative understanding of
congenital heart disease provided by MRA and MDCT
angiography simplifies surgical decision making and con-
sequently may improve outcome [7]. Faster acquisition and
higher spatial resolution enables 64-slice MDCT to com-
pete with MRA as the preferred imaging technology for
congenital heart disease. The two methods may be com-
plementary. The intracardiac anatomy is well depicted by
MRA, whereas MDCT provides exquisite images of the
great vessels [2].

The current technology of 64-slice MDCT with three-
dimensional (3D) software has opened new vistas for
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noninvasive evaluation of congenital heart disease, pro-
viding image quality equal to conventional angiography or
even better. Three-dimensional imaging is particularly
useful for diagnostic investigation of complex forms of
congenital heart disease, preparation for complex inter-
ventional procedures, and postoperative assessment of
surgical reconstruction [1]. When coupled with electro-
cardiography gating, MDCT angiography can be used in
functional evaluation of ventricular wall motion, ventric-
ular ejection fraction, and motion of cardiac valves. It also
allows the performance of high-quality coronary MDCT
angiography [5, 8].

Currently, magnetic resonance imaging (MRI) is limited
for congenital heart imaging by relatively poor temporal
resolution (particularly for assessment of the coronary
arteries) and often complex acquisition protocols requiring
a long examination that frequently necessitate general
anesthesia for young children [13]. Only a few studies in
the literature critically assess the use of 64-slice MDCT
angiography for congenital heart disease. The current study
analyzed the utility of this technique in 60 consecutive
cases of congenital heart disease across a broad spectrum
of pathologic anatomy.

Materials and Methods

The study enrolled 60 consecutive patients with con-
genital heart disease who underwent 64-slice MDCT
angiography in our center during the period June 2006
through September 2007. The investigations were per-
formed to answer specific anatomic questions raised by
inconclusive echocardiographic or angiographic evalua-
tion. All studies were performed in the presence of a
qualified pediatric cardiologist and radiologist working in
unison.

Data Acquisition

An anesthesiologist intravenously sedated patients who
were not able to hold their breath, and imaging was done
during quiet breathing. The examinations were performed
with Siemens Somatom Sensation (Muenchen, Germany).
The MDCT data were obtained using the following param-
eters: rotation time (0.37 s), pitch (0.9), slice thickness
(0.75-1 mm), low voltage (120 kV), current (180—
200 mA), collimation (0.6 mm), table feed (5.4 mm/rota-
tion), and reconstruction interval (0.1-0.5 mm). Images
depicting a region of interest in the aorta or pulmonary artery
were obtained with an acquisition delay of 4 s and an
automatic triggering threshold of 100 Hounsfield Unit
(HU). A weight-based, low-dose MDCT protocol (120 kVp,
180-200 mA) was used [10].

Scanning was performed from the thoracic inlet level to
the L1-L2 level or lower as needed. Nonionic contrast agent
Toversol (Optiray 350 mg/ml; Tyco Healthcare Canada Inc.,
Pointe Claire, QC, Canada) was injected in a peripheral vein
at a dosage of 1-2 ml/kg and a flow rate of 2-3 ml/s. A leg
vein was the preferred route. However, an arm vein was
used for patients who had undergone a bidirectional cavo-
pulmonary shunt or Fontan procedure. Electrocardiography
and respiration-gated techniques were not used. The chil-
dren were observed for 2—4 h before being sent home.

Image Processing

7The acquisition volume was analyzed with software version
Syngo CT 2006 A (Siemens AG, Forchheim, Germany).
Various image-reformatting techniques including linear or
curved planar reformatting, maximum intensity projection
(MIP), minimum intensity projection, and volume rendering
(VR) were used depending on target structure and purpose

Table 1 Pulmonary artery

evaluation (group 1) Indication (n)

64-Slice MDCT
findings (n)

Impact on
management (n)

1. Pulmonary atresia/VSD (to see
confluent/nonconfluent branch
pulmonary arteries, MAPCAS) (14)

Monitor growth of pulmonary
arteries after procedure (15)

MDCT, multidetector-row
computed tomography; VSD,
ventricular septal defect;
MAPCAS, major
aortopulmonary collaterals;
MPA, main pulmonary artery;
PA, pulmonary artery

Assess pulmonary arteries for
stenting or ballooning (7)

Confluent branch pulmonary arteries (6)  Total repair/Fontan

Nonconfluent pulmonary arteries (8) Unifocalization (3)

Conservative
management (5)

Adequate growth without discrete
stenosis (10)

Discrete stenosis (2)

Severe hypoplasia (2)

MPA stenosis (2)

Extent of stenosis documented PA stenting (2)

Balloon dilation (3)
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Table 2 Aortic anomalies (group 2)

Indication (n) 64-Slice MDCT findings (n)

Impact on management

Coarctation of aorta (2)
Annulo-aortic ectasia (3)

Coarctation of aorta at isthmus with dilated prestenotic vessels
Dilated ascending aorta and aortic root

Surgical repair of coarctation
Follow-up for timing of surgery

MDCT, multidetector-row computed tomography

Table 3 Coronary artery anomalies (group 3)

Indication (n)

64-Slice MDCT findings

Impact on management

ALCAPA (2)
Coronary-cameral fistula for delineating drainage (2)

Anomalous course and sinus of origin
Left main coronary to left ventricular cavity

Reimplantation of LCA strategized
Surgical correction (off-pump ligation)

MDCT, multidetector-row computed tomography; ALCAPA, anomalous left coronary artery arising from pulmonary artery; LCA, left coronary

artery

[15]. The plane of the reformatted image was adjusted to
correspond to the long axis of the structure of interest.
Curved planar reformatting was used to evaluate curved
structures such as the pulmonary artery system, and MIP was
used mainly for evaluation of the cardiovascular structures.
Minimum intensity projection was used to evaluate the air-
way and lung parenchyma. For 3D reformatting, VR was
used to evaluate the cardiovascular structures. Thin-section
multiplanar reformatting was used for accurate measurement
of the diameter or area of the structure in question [6].

The information obtained was compared with that pro-
vided by echocardiography/angiography for relevance of
additional information. Perioperative anatomic descrip-
tions, wherever available (n = 26), formed the gold
standard for comparison. The information obtained was
classified based on the diagnostic group.

Results

The ages of the study participants ranged from 7 months to
26 years (median, 4.7 years). The male:female ratio was
0.9:1. Patient weight ranged from 4 to 70 kg (median,
16.5 kg). There were no procedure-related complications.

The results were classified as diagnostic categories
(groups 1-5; Tables 1-5), and the impact of the procedure
on strategizing management was critically analyzed. The
most common indication for MDCT angiography in the
current series was the need to evaluate pulmonary artery
anatomy (n = 36) (Table 1). A total of 14 cases were
studied to assess the confluence of pulmonary arteries. Six
cases with confluent pulmonary arteries proceeded to two
ventricle repairs or a Fontan track based on intracardiac
anatomy. Of the eight cases with nonconfluent pulmonary
arteries, three proceeded to unifocalization and radical
repair, whereas five had conservative management because
of an anatomy too complex for surgical intervention. In 15
cases, growth of the pulmonary arteries was monitored

after a surgical procedure (commonly a systemic pulmon-
ary shunt for tetralogy of Fallot/pulmonary atresia). The
outcome is shown in Table 1. In seven cases, MDCT
angiography enabled decision making regarding pulmonary
angioplasty/stenting, and five of these proceeded to plan-
ned intervention. Except for the seven cases that did not

Table 4 Heterotaxy syndrome (group 4)

Indication (n) 64-Slice MDCT Impact on
findings (1) management
Right isomerism (2) Juxtaposed aorta Conservative
and IVC management

(inoperable anatomy)

Uncertain systemic  Bilateral SVC

venous
connection

Pulmonary atresia

Bilateral right
pulmonary situs

Multiple collaterals

Obstructed TAPVC
(D

Nonobstructed
TAPVC (1)

Interrupted IVC
Single atrium

Left isomerism (2) Atrial septation

Rerouting of pulmonary
vein
PAPVC

Hepatic vein
directly to right
atrium

Polysplenia

Left pulmonary
situs

Gut malrotation

MDCT, multidetector-row computed tomography; IVC, inferior vena
cava; SVC, superior vena cava; TAPVC, total anomalous pulmonary
venous connection; PAPVC, partial anomalous pulmonary venous
connection
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Table 5 Miscellaneous

anomalies (group 5) Indication

64-Slice MDCT findings Impact on

management

Aortopulmonary window
Fontan conduit

William’s syndrome

Dilated right-sided chambers, structurally
normal heart, pulmonary venous

MDCT, multidetector-row
computed tomography; IVC,
inferior vena cava

connection not demonstrated

Three dimensional anatomy of
aortopulmonary window (type 2)

Operation on
beating heart

Conduit
revision

Blocked Fontan circuit

Extent of stenotic segment and its relation to Surgical
coronary arteries correction

No peripheral pulmonary stenosis

Right pulmonary vein anomalously draining Rerouting of
into infradiaphragmatic portion of IVC pulmonary
(Scimitar syndrome) vein advised

Fig. 1 (a) Axial image showing nonconfluent pulmonary arteries in a
patient with tetralogy of Fallot/pulmonary atresia. The main
pulmonary artery (MPA) continues as the left pulmonary artery
(LPA). The right pulmonary artery is not seen. There are only distal
intrapulmonary branches. (b) Volume-rendered image of the same
patient showing the anatomy better. A large ductus (PDA) is
supplying the left pulmonary artery. PDA, patent ductus arteriosus
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have further intervention, all the remaining cases in group
1 had pulmonary artery anatomy documented by surgical/
angiographic evaluation, and an excellent correlation was
obtained.

Tables 2-5 summarize other major groups, MDCT
angiographic findings, and the subsequent course of man-
agement. Figures 1-8 show representative images.

Discussion
The new generation of 64-slice MDCT has changed the

approach to noninvasive assessment of congenital heart
disease. Ou et al. [13] recently reviewed the application of

Fig. 2 Volume-rendered image of criss-cross pulmonary arteries in a
complex univentricular heart. Note the tight pulmonary artery band
(arrow) and the crossing pulmonary artery
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Fig. 3 Volume-rendered image of severe right pulmonary artery
(RPA) hypoplasia and stenosis in a patient who has undergone
intracardiac repair for tetralogy of Fallot. The right pulmonary artery
received a 7 x 16-mm stent

3D CT scanning for congenital heart disease, concluding
that it had become an invaluable diagnostic and decision-
aiding tool, a complement to echocardiography, and often a
substitute for diagnostic angiography.

The current study was an attempt to examine the specific
benefit provided by MDCT angiography over conventional
imaging for a variety of anatomic abnormalities across the
spectrum of congenital heart disease. For assessment of
pulmonary arteries, MDCT angiography was particularly
useful in demonstrating confluence or discontinuity of
pulmonary arteries and extent of pulmonary artery stenosis.
It served well for choosing balloon/stent size for balloon
angioplasty/endovascular stenting and for assessing the
growth of pulmonary artery after systemic pulmonary shunt
(Figs. 1-3). Thus this technique helped to evolve a man-
agement algorithm (Fig. 9) based on the frequently asked
questions about the pulmonary arteries. For aortic anoma-
lies, MDCT angiography precisely identified the site of
coarctation, the degree of narrowing, and the extent of
involvement in degenerative aortic diseases (Fig. 8).

In particular, MDCT angiography was useful for vis-
ceral heterotaxy, demonstrating the diverse range of
abnormalities in multiple organs as well as cardiac abnor-
malities (Figs. 4 and 5). Thus, MDCT angiography helped
to identify pulmonary situs, gut malrotation, asplenia/pol-
ysplenia, and visceral malposition. No other imaging

Fig. 4 (a) Axial image showing midline liver, right-sided stomach
(Sto), and juxtaposed aorta (Ao) and inferior vena cava (IVC) on the
left side. (b) Multiplanar reconstructed view showing eparterial

bronchi. (¢) Coronal image of bilateral superior vena cava (RSVC,
LSVC) and confluent pulmonary arteries. LSVC, left superior vena
cava; RSVC, right superior vena cava
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Tit: 0

Fig. 5 (a) Coronal image of left isomerism showing interrupted
inferior vena cava (IVC) with hemiazygos continuation. Note the
hepatic veins draining directly to the atrium. The superior mesenteric
artery distribution suggests malrotation of the gut. (b) Coronal image

method, with the exception of MRA, shows all the ana-
tomic details of heterotaxy in one shot. The intracardiac
anatomy, systemic and pulmonary venous connection,
outflow tract obstruction, and collaterals all were well
delineated and corroborated with surgical findings.

Chen et al. [4] showed the usefulness of 3D electron-
beam CT scanning for evaluating tracheobronchial anom-
alies in children with congenital heart disease. We found
64-slice MDCT to be extremely useful in demonstrating
the eparterial/hyparterial position of bronchi in heterotaxy
syndrome (Figs. 4b and 5c). In particular, MDCT angiog-
raphy was useful for evaluating William’s syndrome, in
which the involvement of the aorta and the pulmonary
artery could be diffuse. A range of miscellaneous condi-
tions (aortopulmonary window, blocked Fontan circuit)
also was well demonstrated by MDCT angiography

@ Springer

showing multiple splenic masses (S). (¢) Multiplanar reconstructed
image of hyparterial bronchi, which have only two branches on both
sides

(Fig. 6). This range is bound to expand with the passage of
time.

Demonstration of coronary artery angiography in chil-
dren by MDCT is fraught with the problem of tachycardia-
related loss of resolution. However, in selected cases, this
limitation did not preclude demonstration of the origin and
course of coronary arteries in this series. In anomalous
origin of left coronary artery from pulmonary artery, MDCT
angiography demonstrated the sinus of origin and the dis-
tance for surgical translocation precisely in a 4-month-old
baby. Postoperative assessment also was performed 6
months after surgery using the same technique.

The major concern in MDCT angiography is the degree
of exposure to radiation. The reported average radiation
exposure per study is 18-28.4 millisieverts despite the
short period of scanning [3, 9]. We have tried to minimize
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Fig. 6 Volume-rendered image of a small aortopulmonary window
(arrow). This was ligated off the pump

Fig. 7 Coronal image of Scimitar syndrome showing hemi-anoma-
lous pulmonary venous return of right lung to hepatic vein via
descending vertical vein (arrow)

Fig. 8 Sagittal image showing discrete postsubclavian coarctation
(arrow)

the exposure by following the as-low-as-reasonably-
achievable (ALARA) principle. Average exposure per
MDCT study was calculated at 10-14.2 millisieverts. In
addition, MDCT angiography was more cost effective for
children than conventional angiography (US $100-175 vs
$400-$450). It also avoided hospitalization.

Lee et al. [11] suggested that after initial assessment
with echocardiography, MDCT could probably replace
diagnostic cardiac catheterization for further anatomic
clarification in neonates. The current study showed that
this concept could be extended to all age groups for
congenital heart disease. Since the introduction of MDCT
angiography, the number of diagnostic catheterization
procedures has decreased steeply at our institution. Car-
diac catheterization has been needed only for cases in
which physiologic data were crucial. For younger chil-
dren, MDCT may be preferable to MRI due to the
simplicity of the examination and the rapidity of image
acquisition, generally in less time than 2 s [13]. Because
MDCT takes less time and has fewer requirements for
sedation than MRI, it can be performed more easily for
an unstable patient who needs intensive monitoring and
care. In addition, the MDCT postprocessing time is
shorter than the MRI postprocessing time needed for
morphologic and functional evaluation.
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Fig. 9 Management algorithm
after multidetector-row

Management algorithm following MDCT angiography for pulmonary artery evaluation
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