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Abstract: Detection of congenital heart disease (CHD) remains
problematic, even with advances in imaging. Imaging modalities,
such as magnetic resonance imaging, have been helpful in better
understanding certain abnormalities, such as the fetal central nervous
system. However, because of cardiac motion, screening and detection
of CHD are best performed by sonography. Although newer technical
advances in sonography, including 3-dimensional (3-D) dynamic
multiplanar imaging and Doppler techniques, are extremely helpful
in better delineating CHD, the mainstay of detection of CHD remains
2-D real-time imaging. Understanding 2-D imaging of the heart,
using multiple views, is necessary to perform any type of multiplanar
imaging as both require basic understanding of the same basic views.
Although it is beyond the scope of this article to review all facets of
fetal cardiac imaging, we will present a stepwise approach using 2-D
imaging in the detection of CHD.
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LEARNING OBJECTIVES
1. Describe a stepwise approach to evaluating the 4-chamber

view of the fetal heart.
2. Demonstrate the pitfalls in imaging outflow tracts of the

fetal heart.
3. Identify new alternative methods to image the fetal heart,

including 5 short-axis views.

A lthough congenital heart disease (CHD) is a common
congenital abnormality, detection is often difficult.1,2 The

American Institute of Ultrasound in Medicine (AIUM) and the
International Society of Ultrasound in Obstetrics and Gynecol-
ogy outlined recent guidelines for sonographic evaluation of
the fetal heart.3Y6 The International Society of Ultrasound in
Obstetrics and Gynecology guidelines include the Bbasic[
cardiac examination that relies on a 4-chamber view. There are
key features of this sonographic view that will be emphasized
in this article. This society also included the Bextended basic[
examination that includes the right and left ventricular out-
flow tracts (RVOT and LVOT, respectively). It is important to
include imaging that demonstrates the relationship of the
LVOT and the RVOT to detect conotruncal abnormalities.
Depending on technical factors, such as maternal body
habitus, fetal age, or fetal position, demonstrating the re-
lationship of the RVOT and the LVOT may be problematic.7

Alternatives to routine 2-dimensional (2-D) imaging of out-
flow tracts include the use of 3-D imaging technologies
including the use of dynamic multiplanar imaging.8Y10 Even
with advanced imaging and the ability to reconstruct images
in different planes, the examiner must be familiar with rou-
tine cardiac views or failure of detection of CHD may still
occur. Thus, understanding basic cardiac views is necessary
to detecting CHD even with more advanced imaging. We will
concentrate on a method to best understand these basic
views, such as the 4-chamber or outflow tract views, as a
springboard to more advanced cardiac imaging. An alterna-
tive to these views is a comprehensive examination of the
fetal heart, which may be obtained using 4 to 5 short-axis
views of the heart.11 These 5 planes include (1) the stomach;
(2) the 4-chamber view of the heart; (3) the 5-chamber view
of the heart; (4) the pulmonary artery (PA) bifurcation; and
(5) the alignment of the 3 vessels, which are the PA, aorta,
and superior vena cava (SVC).11

FOUR-CHAMBER VIEW
A useful mnemonic to help in the basic evaluation of the

fetal heart is PASSSS. Each letter is meant to serve as a
memory aid as follows: position, axis, size, symmetry, septum,

TABLE 1. The PASSSS Mnemonic for the 4-Chamber Vessel

Position Determine correct situs

Axis Determine that the interventricular septum is 40 to 45 degrees

Size Make sure that the heart is approximately one third of the
fetal thorax

Symmetry Generally, the diameters of the right and left ventricles have a
1:1 ratio

Septum Check the entire septum for possible ductal defects

Sinus rhythm Check cardiac rate and rhythm

CORE CURRICULUM IN SONOGRAPHY
CME ARTICLE

Ultrasound Quarterly & Volume 24, Number 3, September 2008 195

Received for publication May 9, 2008; accepted June 22, 2008.
Clinical Professor of Radiology and Assistant Director Radiology Residency

Program (Naderi), Professor of Radiology, Vice-Chair and Director of
Thoraco-Abdominal Imaging (McGahan), Section of Abdominal Imaging,
Department of Radiology, University of California, Davis, Medical Center,
Sacramento, CA.

The authors have disclosed that they have no interests in or significant
relationships with any commercial companies pertaining to this educa-
tional activity.

All staff in a position to control the content of this CME activity have disclosed
that they have no financial relationships with, or financial interests in, any
commercial companies pertaining to this educational activity.

Lippincott CME Institute, Inc. has identified and resolved all faculty and staff
conflicts of interest regarding this educational activity.

Reprints: John P. McGahan, MD, Section of Abdominal Imaging, Department
of Radiology, University of California, Davis, Medical Center, Suite 3100,
4860 Y St, Sacramento, CA 95817 (e-mail: john.mcgahan@ucdmc.
ucdavis.edu).

Copyright * 2008 by Lippincott Williams & Wilkins

Copyright @ 2008 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



and squeeze. If each of these cardiac features is evaluated and
considered normal, the examiner can evaluate the 4-chamber
view of the fetal heart PASSSS as normal (Table 1).

Position
In evaluating the fetal heart, the fetal presentation should

first be documented. Then, the examiner must determine if the
fetus’ left side is up or down. Lastly, the stomach side and its
relationship to the heart side should be assessed. Simply put,
situs solitus is the normal relationship, with the stomach on the
left and the left atrium on the left side of the fetus. Situs
inversus is the exact mirror image of situs solitus, with the
stomach on the left but the left atrium on the right. Situs
ambiguous is an anatomically indeterminate type of visceral
situs, which is part of the heterotaxy syndromes.

After determining the situs (or position), a 4-chamber
view of the heart is obtained (Table 2). This is done by iden-

tifying the fetal thoracic spine, and a scan is obtained transverse
to the thorax. Anatomically, the right ventricle is posterior to
the sternum, and the left ventricle is to the left of the right
ventricle or at the same side as the stomach. Identifying
features unique to the right ventricle include its retrosternal
location, lower insertion of the tricuspid valve compared with
the mitral valve, and a thicker moderator band. The flap of the
foramen ovale opens from the right atrium into the left
atrium.12

Axis
Once a 4-chamber view of the heart is obtained, a line is

drawn from the spine to the anterior sternum. The interven-
tricular septum intersects that line at 40 to 45 degrees. Shipp
et al13 found a normal cardiac axis of 43 degrees, with an SD
of 7 degrees (Fig.. 1). Abnormal cardiac axis can be an in-
dicator of extracardiac intrathoracic abnormalities, displacing
the heart. Examples include pulmonary cystic adenomatoid

TABLE 2. Identification of Right and Left Ventricles
From the 4-Chamber View
View Right Ventricle Left Ventricle

Position within thorax Right ventricle
retrosternal

Left border, same side
as the stomach

Flap of foramen ovale V Present within the left
atrium

Insertion of AV
valve leaflets
on interventricular
sternum

Tricuspid valve
inserted lower than
the mitral valve

Mitral valve inserted
higher than the
tricuspid valve

Muscle Thicker moderator
band

V

Veins SVC + IVC Pulmonary veins

IVC indicates inferior vena cava.
Modified from DeVore and Polanko.8

FIGURE 1. Four-chamber view of the heart. The 4-chamber
view of the heart in the transaxial plane shows the spine
noted posteriorly. A line is drawn from the spine to the
anterior sternum. The interventricular septum intersects that
line at approximately 45 degrees. Note that the RA lies to
the right side of the spinal sternal line. The heart can be
noted to occupy approximately one third of the fetal thorax.
RA indicates right atrium.

FIGURE 2. Four-chamber view of the heart. Note that the
diameter of the RV is approximately equal to that of the LV at
the AV valve level. RV indicates right ventricle; LV, left ventricle.

FIGURE 3. Valve insertion. This diagram illustrates that the
tricuspid valve lies closer to the apex than does the mitral valve.
In an AV canal, these valves form a ‘‘T,’’ along with lack of the
interventricular septum.
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malformation, diaphragmatic hernia, or intrathoracic pulmo-
nary sequestration. Axis deviation is also seen in intracardiac
abnormalities. Examples include Ebstein anomaly and tetral-
ogy of Fallot.

Size
This is to assess the size of the fetal heart in relation to

the fetal thorax. The cardiac area is approximately one third of
the thoracic area (Fig. 1). Simply put, approximately 3 fetal
hearts can normally fit into the fetal thorax. A small heart can
be attributed to extrinsic mass compressing the heart. There
are many causes for fetal cardiomegaly. Intrinsic cardiac
anomalies include Ebstein anomaly, cardiomyopathies, or
cardiac tumors, most commonly rhabdomyomas.14

Symmetry
This refers to the symmetric size of the ventricles.

Generally, the diameters of the right and left ventricles main-
tain about a 1:1 ratio (Fig. 2). With the diameter of the right
ventricle slightly larger than that of the left ventricle, real-time
examination can be used as a rough estimate of ventricular

chamber size. Most common anomalies are the hypoplasia of
either the left or right side of the heart. Hypoplastic left heart
syndrome is composed of findings including underdevelop-
ment of the aorta, the aortic valve, the left ventricle, or the
mitral valve.15 Right ventricle hypoplasia can be attributed to 1
of 2 anomalies: pulmonary atresia or tricuspid atresia with or
without an intact ventricular septum. There are multiple other
etiologies of chamber discrepancy beyond the scope of this
review.

Septum
Evaluation for a septal defect is best performed on the

4-chamber heart view that is obtained perpendicular to the
interventricular septum. This allows adequate visualization of
the membranous portion of this septum, which can suffer
from drop-out artifact if imaging is performed parallel to the
interventricular septum. There are 3 basic types of septal
defects. Ventricular septal defects (VSDs) can be small or
large. The smaller ones are hard to detect and can occur in
perimembranous location just below the aortic valve. Color
Doppler may be helpful with this diagnosis. Atrial septal
defects can be quite difficult to detect because of the normal

FIGURE 4. AYE, Outflow tracts apex perpendicular to the ultrasound beam. A, Interventricular septum perpendicular to the
ultrasound beam. B, Normal 4 chambers of the heart, with the interventricular septum perpendicular to the ultrasound beam.
C, After performing a 4-chamber view of the heart, the transducer is placed at an angle between the left upper quadrant
of the abdomen and the right shoulder. D, By changing from the 4-chamber view of the heart to a more oblique scan plane,
the aorta is noted exiting the LV, which was noted exiting to the aorta (arrow). E, The transducer is rotated as the PA is
seen to exit from the RV (arrow) and cross-perpendicular to the LVOT.

Ultrasound Quarterly & Volume 24, Number 3, September 2008 A Primer for Fetal Cardiac Imaging

* 2008 Lippincott Williams & Wilkins 197

Copyright @ 2008 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



foramen ovale. The atrioventricular (AV) canal defects result
from the absence of the endocardial cushion. In this situation,
the normal lower insertion of the tricuspid valve compared
with the mitral valve is not observed, but rather there is a BT[
configuration with the residual mitral and tricuspid valve in-
serting at the same level but with no interventricular septum
(Fig.3). Color flow imaging allows easier recognition of ven-
tricular defects.

Squeeze
This refers to assessing the normal fetal cardiac

rhythm. The normal fetal cardiac rhythm is regular, with a
1:1 atrial-ventricular relationship. The heart rate increases
rapidly in early gestation until it reaches the peak rate of
175 beats/min (SD, 20 beats/min) at approximately 8 weeks.16

Then, the heart rate gradually decreases to 140 beats/min
(SD, 20 beats/min) at 20 weeks and 130 beats/min (SD,
20 beats/min) toward term.17 Fetal rhythm abnormalities
include (1) irregularity of the cardiac rhythm, (2) abnormally
slow or fast heart rate, or (3) combination of the two. M-
mode ultrasound is most commonly used to document fetal

cardiac rate and rhythm. M-mode line placement becomes
important to simultaneously assess the atrial and ventricular
walls to record the sequence of their systolic wall motions.
The M-mode beam direction is placed through the atrial
and ventricular walls immediately above and below the AV
junction. At this location, the M-modes of the atrium and
the ventricle are displayed together, allowing assessment
of atrial contraction and conduction to the ventricles. In
brief, most common causes of fetal arrhythmias include pre-
mature atrial contractions and brief sinus tachycardia/
bradycardia. Less common arrhythmias include complete
AV block and supraventricular tachycardia. Fetal rhythm ab-
normalities affect at least 2% of pregnancies and are a
common reason for referral to fetal cardiologists.18

The PASSSS mnemonic is helpful as a basic evaluation
of the 4-chamber heart view.

OUTFLOW VIEWS
To improve sensitivity of CHD, long-axis views of

the outflow tracts are obtained, with the interventricular sep-
tum perpendicular to the transducer beam.19 The left

FIGURE 5. Outflow tractsVapex up. A, Interventricular septum is parallel to the ultrasound beam. B, The 4-chamber view of
the heart with the apex up. Note that the tricuspid valve is closer to the apex (arrow) compared with the mitral valve, as
illustrated in Figure 3. C, This long-axis view demonstrates the retrosternal location of the RV and the AO originating from LV.
This view is also helpful to detect membranous VSDs. D, With the apex of the heart again pointed toward the transducer, the
transducer is angled at almost 90 degrees from the long-axis plane. In this view, the circular aorta is noted centrally. The RV
gives rise to the main PA. AO indicates aorta.

Naderi and McGahan Ultrasound Quarterly & Volume 24, Number 3, September 2008

198 * 2008 Lippincott Williams & Wilkins

Copyright @ 2008 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



ventricular long-axis view of the fetal heart is obtained by
rotating the transducer approximately 45 degrees from the
4-chamber view to angle from the fetal abdominal left upper
quadrant toward the right shoulder (Fig. 4). This view will
demonstrate the aorta originating from the left ventricle.
This view is also useful in the visualization of the mem-
branous portion of the interventricular septum. Once the
aortic outflow tract is identified, the transducer is Brocked[
slightly. This view should demonstrate the main PA exiting
the right ventricle. The main PA and the ascending aorta
should be perpendicular to each other, or demonstrated to

Bcrisscross,[ to exclude conotruncal anomalies such as trans-
position of the great arteries. When demonstrating the long-
axis views of the outflow tracts, it is necessary to confirm
crisscrossing of the vessels (Fig. 4). If this proves difficult,
defining the anatomic features of the vessels is important.
The aorta should be traced originating from the left ven-
tricle to the proximal arch, with demonstration of the take-
offs of the great vessels to the head and neck. Similarly,
the main PA should be demonstrated to arise from the
right ventricle; it must be noted to bifurcate.

When the apex of the heart is Bup[ or pointed parallel
to the ultrasound beam, then it may be more difficult to
identify the outflow tracts to crisscross. In this situation, the
LVOT is again obtained, but often short-axis view must be
obtained to identify the RVOT. In this view, the aorta lies
centrally, and the right ventricle and PA Bwrap around[ the
aorta. It is important in this view to identify that the
vessel originating from the right ventricle is the PA by
noting that it bifurcates (Fig. 5).

In a review of transposition of the great vessels
(TGA) findings, McGahan et al7 described the Bbaby bird’s
beak[ sign. This occurs when the main PA arising from the left
ventricle is noted to bifurcate and thus is the PA. If the
crisscrossing of the main PA and aorta is not demonstrated,
then this view may be useful. When the main PA originating
from the left ventricle is noted to bifurcate, the left branch
makes a sharp angle with the main PA and ductus arteriosus,
reminiscent of a baby bird’s head with an open beak. This is
a critical clue that there is TGA.7

COMPREHENSIVE 5 SHORT-AXIS VIEWS
A comprehensive examination of the fetal heart using

5 short-axis views has been advocated.11 These are best
obtained with the interventricular septum parallel to the
transducer beam. These are 5 transverse planes (Figs. 6, 7).
(1) The most caudal view begins with the fetal stomach, which
is needed to assess the situs. (2) The 4-chamber view of the
heart is then obtained. (3) The 5-chamber heart view
demonstrates the aorta centrally, with the pulmonary anterior
and perpendicular to the aorta. The borders of the central aorta
should be clearly identified. (4) The main PA should be
demonstrated to bifurcate and then follows (5) the so-called 3-
vessel view.7

These 5 short-axis views are helpful in the detection
of conotruncal abnormalities when the crisscrossing of the
aorta and main PA is not definitely demonstrated using the
routine outflow tract views. In the 3-vessel view, the main
PA continues to the descending aorta through the ductus
arteriosus; the 3 vessels that are seen are the main PA, the
ascending aorta, and the SVC. These are aligned in the
stated order in a straight line from the left anterior aspect to
the right posterior aspect of the thorax. They also decrease
in size, with the main PA being the largest and the SVC
being the smallest (Fig. 7). When having this view, it is
important to note that the right ventricle is left sided, with
the PA Bcrossing[ and ending on the left side of the fetus
and to the left of the aorta.7 The left ventricle starts on the

FIGURE 6. The 5 short-axis views for optimal fetal heart
screening. The image shows the trachea, heart and
great vessels, liver, and stomach, with the 5 planes of
insonation superimposed. Polygons show the angle of the
transducer and are assigned to the relevant gray-scale images.
(I) The most caudal plane, showing the fetal stomach and a
cross-section of the AO, SP, and LI. (II) The 4-chamber view
of the fetal heart, showing the RV and LV and atria (RA and LA),
FO, and PV to the right and left sides of the AO. (III) The
5-chamber view, showing the AO, LVs, RVs, and atria (LA and
RA) and a cross-section of the descending aorta (AO with
arrow). (IV) The slightly more cephalad view showing the MPA
and the bifurcation of LPA and RPA and cross-sections of the
ascending and descending aorta (AO and AO with arrow,
respectively). (V) The 3 vessel tracked plane of insonation
showing the P, ((P)Ao), DA, ((D)Ao), SVC, and T. AO indicates
aorta; LA, left atrium; DA, ductus arteriosus; (I) AO, abdominal
aorta; SP, spine; LI, liver; LT, left; RT, right; (II) FO, foramen
ovale; PV, pulmonary veins; AO, aorta; (III) AO, aortic root;
MPA, main PA; LPA, left PA; RPA, right PA; (V) P, pulmonary
trunk; ((P)Ao), proximal aorta; ((D)Ao), distal aorta; T, trachea.
Adapted from Yagel et al.11
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left side, with the aorta passing under the PA to lie between
the left-sided PA and the right-sided SVC in the 3-vessel
view. Thus, the aorta and PA are also observed to cross in

these 5 short-axis views. In transposition, it is important in
the 3-vessel view to note that the PA arises from the left
ventricle and that the central aorta arises from the right
ventricle. Thus, these vessels do not cross in transposition.5

Examples of Abnormalities
This section will be a brief review of abnormalities

that can be appreciated using the 4-chamber view of the
heart, the classic outflow tract views, and the 5 short-axis
views of the heart.

Four-chamber views were viewed as PASSSS, and
when using the mnemonic to help understand the basic heart,
cardiac features are evaluated considering position, axis, size,
symmetry, septum, and squeeze. Examples of abnormalities
include the following.

The PASSSS Mnemonic
The heart should be on the same side as the fetal

stomach. Abnormal position of the heart within the thorax
may be secondary to situs inversus. In addition, the heart
may be more midline with situs ambiguous. In this situation,
it is important to check the cardiac axis and the position
of the liver in the abdomen. In addition, masses within the

FIGURE 7. Five normal short-axis cardiac views. A, This is after obtaining a view of the stomach (ST) to determine the situs.
B, The 4-chamber view of the heart is obtained. C, The transducer is moved cephalad to obtain a 5-chamber view of the heart,
with the aorta noted centrally. Note that although the RV is right sided, the arrows indicate that the PA will cross the aorta to
lie on the left side on more cephalad views. D, With a continual motion, the aorta is noted centrally, with bifurcation of the PA.
The top of the right atrium with a junction of the SVC is shown on the other side of the aorta. E, A cephalad position shows
the 3 vessels (PA, AO, and SVC). AO indicates aorta. Adapted from McGahan et al.7

FIGURE 8. Congenital diaphragmatic hernia. Note that the
heart is displaced to the right of the midline (solid line) from
the congenital diaphragmatic hernia. Also note the ‘‘T’’
appearance to the mitral valve and the tricuspid valve insertion
(arrows) in this case with AV canal defect.
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FIGURE 9. Hypoplastic left
heart syndrome. A, Diagram
demonstrating the hypoplastic left
side of the heart, which may
involve the very small LV and the
abnormal aortic valve and ((P)Ao).
B, Four-chamber view of the heart
demonstrating discrepancy in size
of the RV compared with that of
the very small LV. Also note the
abnormal axis of interventricular
septum (arrows).

FIGURE 10. Left ventricular
aneurysm. A, There is a pericardial
effusion surrounding the heart
(arrow). Note the defect in the
apex of the LV (open arrow). B, The
color flow demonstrates blood flow
from the LV into this aneurysm of
the LV. 4CH indicates 4-chamber
view. Adapted from El Kady et al.20

FIGURE 11. AYC, Tricuspid atresia with VSD. A, Corresponding line drawing of tricuspid with VSD. B, The color Doppler
ultrasound again demonstrates small RV as compared with LV. The color Doppler demonstrates the VSD. C, This 4-chamber view
of the heart demonstrates a small RV as compared with the larger LV. Also note the small VSD (arrow).
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thorax may displace the heart into abnormal position. In
Figure 8, a large left congenital diaphragmatic hernia
displaced the heart into the right thorax. There was also an
endocardial canal in this fetus with trisomy 21 (Fig. 8).

Axis
As the 4-chamber view of the heart is obtained, the

interventricular septum should intersect at approximately
45 degrees at a line drawn from the spine to the sternum. In

the example of hypoplastic left side of the heart, the in-
terventricular septum intersects the line drawn from the spine
to the sternum at approximately 90 degrees (Fig. 9). This
example also demonstrates asymmetry of the size of the
left ventricle and the atrium as compared with that of the
right ventricle and the atrium. These 2 clues are helpful in
the diagnosis of the hypoplastic left heart syndrome (Fig. 9).
On other views, it was noted that the aortic outflow was
much smaller than that of the PA, which is identified in
the hypoplastic left side of the heart.

Size
In general, the fetal heart can normally fit into the

fetal thorax. In this example of the left ventricular aneurysm
with surrounding pericardial effusion, the heart and the
effusion occupy nearly half of the fetal thorax (Fig. 10).
Thus, observation of the pericardial effusion and the large
heart-effusion complex would be initial clues for diagnosis.20

Color flow was helpful in demonstrating the defect in the
apex of the left ventricle corresponding to the left ventricular
aneurysm (Fig. 10).

Symmetry
Symmetry refers to the size of the ventricles. Generally,

the diameters of the right and the left ventricles are
approximately a 1:1 ratio. As noted in Figure 9, in the
hypoplastic left side of the heart, the left ventricle was much
smaller than the right ventricle. Alternatively, in Figure 11
showing tricuspid atresia, there is marked discrepancy in
size, with the right ventricle being much smaller than the

FIGURE 12. Rhabdomyoma of the heart. Four-chamber view
of the heart demonstrates a well-circumscribed mass arising
from the interventricular septum and protruding into the LV
(arrow) corresponding to cardiac rhabdomyoma in this fetus
with tuberous sclerosis. Note the thickening of the LV wall
(curved arrow).

FIGURE 13. A and B, Small VSD. A, Real-time image showing small VSD (curved arrow). B, This is better identified using color
Doppler (curved arrow).
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FIGURE 15. Transposition of the great arteries. A, This scan shows the PA originating from the LV. B, The PA bifurcation is
shown, and the left branch of PA makes a sharp angle with the main PA and DA, reminiscent of a baby bird’s head with an
open beak. Normally, the aorta exiting the LV should be traced to the aortic arch. The SP is to the left of the image, and the left
side of the fetus is toward the transducer. Adapted from McGahan et al.7

FIGURE 14. A and B, Transposition of the great arteries. A, Diagram shows transposition of the great vessels, with the aorta
originating from the RV and the PA originating from the LV. B, An outflow view shows the parallel course of the aorta and the
PA rather than the normal perpendicular course of these vessels. AO, aorta. Adapted from 14A courtesy of Dr Gregory DeVore.

FIGURE 16. Truncus arteriosus. A, Diagram of truncus arteriosus with VSD. B, A single large vessel (T) is identified arising from
the base of the heart. It overrides the VSD (arrow).
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left ventricle. In this example of tricuspid atresia, there is
an association with VSD, identified with color flow (Fig. 11).

In Figure 12, there is some discrepancy in the size of
the lumen of the right ventricle as compared with the size
of the lumen of the left ventricle. This is an example of
cardiac rhabdomyoma with associated thickening of the
left ventricular wall. Usually, the right ventricle moderator
band is thickened as compared with structures within the
left ventricle. However, in this example, there is asymmetry
in the lumen of the left ventricle as compared with the
lumen of the right ventricle because of the associated cardiac

rhabdomyoma. This is often associated with tuberous
sclerosis.

Septum
The evaluation of septal defects can be done best on

the 4-chamber view of the heart. However, the interven-
tricular septum may also be visualized on the LVOT. In
Figure 13, there is a small VSD, which is much more dif-
ficult to appreciate on real-time images than with the use
of color flow. This is an isolated VSD. Often, VSDs may
be associated with more complex cardiac anomalies, as
identified in Figure 11 showing tricuspid atresia with
associated VSD.

Use of the PASSSS mnemonic is helpful for the
basic examination of the 4-chamber view of the heart and
may be helpful for the detection of complex cardiac anoma-
lies, as outlined earlier.

Outflow Tract Views
Using a routine outflow tract views, conotruncal

anomalies may be detected. In Figure 14, TGA is iden-
tified because the aorta and the PA are parallel. On routine
fetal cardiac examination, the PA should be noted to cross
the aorta, and if this is not observed, then this may be a
clue for conotruncal abnormalities (Fig. 14). Furthermore,
when using outflow track views, it is imperative that the
vessel originating from the right ventricle is noted to
bifurcate to ensure that this is the PA. In Figure 15, the
vessel originating from the left ventricle is noted to

FIGURE 18. Three-dimensional multiplanar imaging. Three-dimensional images of the heart are obtained as reconstructed
images from the data set, with the cursor placed on the ((P)Ao). (Special thanks to Beryl Benacerraf, MD).

FIGURE 17. Tetralogy of Fallot. The long-axis view of the heart
demonstrates a large aorta (AO) overriding the VSD (arrow).
The PA is small.
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bifurcate. This is the PA originating from the left ventricle as
associated with TGA. As this view resembles the open
mouth of a baby bird’s beak, this has been called the baby
bird’s beak view. It is critical to note both the crisscross
relationship of the PA and the aorta and the PA bifurcation.
In situations in which this relationship cannot be de-
monstrated because of technical factors, then 5 short-axis
views of the heart should be obtained (Fig. 7). In the 5
short-axis views of the heart, the right ventricle is noted to
originate from the right side of the heart, with the pul-
monary crossing the aorta to the left side of the thorax.
The PA is also noted to bifurcate in the 5 short-axis views.
In the 3-vessel view, the PA is larger, and the aorta lies
centrally between the PA and the SVC.

Another example of an abnormal outflow tract could
include truncal arteriosus. There are different types of
truncal arteriosus, but most commonly, the trunk overrides
the interventricular septum with an associated VSD, as seen
in Figure 16. Other complex cardiac abnormalities may
be identified in outflow tract views including tetralogy
of Fallot and similar overriding aorta with associated VSD
and small pulmonary outflow tract (Fig. 17).

More Advanced Cardiac Imaging
More advanced cardiac imaging can include 3-D or

4-D multiplanar imaging. This technology enables the
physician or the examiner to have an unlimited number
of 2-D images from the single acquisition. Thus, not only
4-chamber and 5-chamber views but also other cardiac
views may be obtained in different planes. The data set
images are usually displayed as 3 simultaneous images onto
a single display (Fig. 18). To best use this technology, one
must be familiar with the basic extended cardiac examina-
tion and the 5 short-axis views of the heart.

Three-dimensional/4-D rendered images can be dis-
played surface-rendered images of the heart. The examiner

can display the surface anatomy of the heart. This tech-
nology may be useful to detect conotruncal abnormalities,
as in Figure 19A showing a normal examination compared
with TGA (Fig. 19B).
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