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ABSTRACT
In the last decade 3D and live 3D ultrasound or the so called 4D (3D/4D) in examination of the fetal 

heart evolved very rapidly with the development of the new technique called Spatiotemporal Image Cor-
relation – STIC, which enables the aquisition of a volume data concomitent with the beating heart. It 
appears that 3D/4D ultrasound in fetal echocardiography may make an important contribution to the 
diagnosis of congenital heart disease, to interdisciplinary management, to parental counseling and to 
medical personal training. 
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INTRODUCTION

T hree dimensional (3D) and four di-
mensional (4D) applications in the 
scanning of fetal heart has largely de-
veloped in the last ten years. No 
other organ or system has this prog-

ress so evident that as in the fetal cardiovascu-
lar system. Congenital heart disease (CHD) is 
the most common group of malformations in 
neonates, occuring in 8 per 1000 live births (1). 
In 2006 the International Society of Ultrasound 
in Obstetrics and Gynecology (ISUOG) pub-
lished practice guidelines for the screening of 

CHD during the second trimester of pregnancy 
and outlined two levels for the screening of low 
risk fetuses for heart anomalies. The first level is 
the basic 4-chamber view and the second level 
is the extended basic scan which includes ex-
amination of the arterial outflow tracts (2). Also 
the term “fetal echocardiogram” refers to a de-
tailed sonographic evaluation of the fetal heart 
which is performed by a specialist in prenatal 
diagnosis of CHD.

There are several imaging modalities that 
can be used to evaluate the fetal heart anoma-
lies, from M-mode techniques, to color Doppler 
and to the use of the new 3D/4D ultrasonography. 
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The new technological development allows a 
real-time 3D/4D of the examination of the fetal 
heart (3). These ultrasound techniques can 
have a major contribution to the understanding 
of normal and abnormal fetal heart and can 
also extend the benefits of the prenatal cardiac 
screening. With the introduction of the so 
called “virtual planes” to fetal cardiac examina-
tion, we are able to obtain views of the fetal 
heart that are not generally accesible with the 
use of standard 2D examination (4).  

3D/4D TECHNIQUES IN FETAL CARDIAC 
EXAMINATION

There are three steps that must be followed 
when we are using 3D/4D fetal echocar-

diography: volume aquisition, volume display 
and volume manipulation.

Volume acquisition

The volume acquisition can be done either 
static 3D, either on-line 4D (direct volume 
scan), either spatiotemporal image correlation-
STIC- (off-line 4D which is an indirect volume 
scan).

Spatio-temporal image correlation acquisi-
tion (STIC) is an automated volume acquisition 

with the array of the transducer by performing 
a slow single sweep, recording a single 3D data 
consisting of many 2D frames one behind the 
other. The volume of interest (VOI) is set for a 
period of time between 7.5 sec to 30 sec (usu-
aly 10 sec), and a sweep angle between 20 to 
40° (usually 25°). After this, the system process-
es the volume data and detect systolic peak 
which are used to calculate fetal heart rate. 
The systolic peaks define the heart cycle. The 
resultant 40 consecutive volumes represents a 
reconstructed complete heart cycle. One can 
extract from that volume acquisition any con-
venient plane we want, which means that from 
a single volume we can get the image of 4-
chamber view, or 5-chamber view, or three 
vessels etc (5). In other words, the acquisition 
of a volume is realized in 2 steps: in the first 
step data are aquired by a single automatic vol-
ume sweep and in the second step the system 
analyzes the data in their spatial and temporal 
domains and processes a 4D sequence (Figure 
1). STIC can be used with gray scale, or color 
Doppler, or power Doppler, or B-flow fetal 
echocardiography (6).

The static 3D represents stored still images 
as a volume data set and we don’t have neither 
heart rate and neither motion. This technique 
is not used for assessing events connected with 
the heart cycle, or to myocardial wall or valve 
movement, but can be used to appreciate size 
and relationship of cardiac structures. The stat-
ic 3D is used with uniform power Doppler or 
B-flow. 

On-line 4D or direct volume scan, can be 
obtained only by using a 2D transducer with 
rapid acquisition of 20-30 volumes or with a 
matrix 3D transducer.

Volume display

After acquisition we can have the volume 
display in three different imaging modalities: 
gray-scale, color Doppler, or power Doppler. 
Each of these modalities can display 2 possible 
formats: multiplanar or volume-rendered. 

The multiplanar format is the first system 
that allows simultaneous evaluation of several 
2D planes. The rendered format can be dis-
played in the following applications: gray, color 
and glassbody (7). 

In multiplanar reconstruction mode the 
screen is divided in four frames: A (upper left), 
B (upper right), C (lower left) and the fourth FIGURE 1. STIC – Acquisition of fetal heart
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(lower right) is the rendered image. Each of the 
three frames represents one of the three or-
thogonal planes of the volume. The reference 
dot represents the intersection of the three 
planes (Figure 2). Moving the reference dot the 
operator manipulates the volume to display 
any plane within the volume. The operator can 
scroll through the volume and can obtain se-
quentially each of the five classic five planes of 
fetal echocardiography (7,8). The multiplanar 
analysis is reliable in assessing the different car-
diac planes, in screening studies and in evalu-
ating different anomalies (9,10). Color and 
power Doppler can be added to gray scale 
STIC technology, which can asses the hemody-
namic changes during the cycle (11). 

Besides the three plane of multiplanar 
mode, we can use also the tomographic mode 
in which we obtain a lot of parallel transverse 
views from a 3D/4D volume data set (Figure 
3). 

Volume manipulation

Rendering surface mode is a mode of analy-
sis of the aquired volume. The operator places 

FIGURE 2. Multiplanar reconstruction

FIGURE 3. Tomographic ultrasound imagine

the rendering box around the region of interest 
(ROI) within the volume in order to show a slice 
of that volume (Figure 4). 

When we have in the A frame a good four 
chamber view one possibility is that the operator 
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can place the rendering box around the inter-
ventricular septum, and in the D frame we will 
see the rendered image of the interventricular 
septum the so called “en face “ view of the 
septum (9). We can determine if we want to 
see the septum from right to left or from left to 
right, depending where we place the green line 
(the active line or the rendered view direction) 
of the rendered box (Figure 5).

 Usually for rendering to be considered as 
”successful” the lateral view of the interven-
tricular plane should display the entire septum 
and the foramen ovale, seen from the left ven-
tricle. In another view ”the base of the heart” 
(or the common atrioventricular plane-CAV 
plane), the rendered view direction is placed in 
the atria at the level of the valves and permit to 
see the ”en face” view of both atrioventricular 
valves and semilunar valves, which is very help-
ful for diagnosing atrioventricular septal defect 
(12). So, for this plane to be considered as 
”successful” the rendered image had to clearly 
display all four cardiac annuli (Figure 6).

Rendering of the volume data with color 
alone or the combination of gray-scale and 
color (the so called glass body mode) can give 
us information concerning the arrangement of 
the great vessels. The 3D power Doppler is di-
rectionless and is most effectively associated 
with 3D static scanning. 3D power Doppler re-
construct the blood vessels in the volume of 
interest (VOI) zone. 3D power Doppler recon-
structs the vascular tree of the fetal abdomen 
and thorax (13), relieving the operator of the 
necessity to reconstruct a mental image of the 
anomalous vessel from a series of 2D planes. 
High definition power flow Doppler is the new-
est development in color Doppler applications 
and uses high resolution and a small sample 
volume to produce images with two colour di-
rectional information. It gives us information 
about vessels with very low velocity and has 
the advantage of showing flow direction. So, it 
is used specially for very small vessels. It can be 
used with static 3D, with STIC and with glass 
body mode to produce high resolution image 
of vascular tree.

The rendering mode-transparent minimum 
is a display in which the heart and blood ves-
sels are seen in a transparent projection, so that 
the structures that are anechoic are visualized 
in a 3D projection of black-appearing vessels. 

The rendering mode-inversion display mode 
represents the minimum mode rendering 

FIGURE 4. Rendered image of 4-chamber view

FIGURE 5. Rendered image of IVS
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information which is simply inverted, thus pre-
senting the hipoechoic structures as echogenic 
solid and eliminating into black most of the 
surrounding tissue information (that is the fluid 
filled spaces such as the cardiac chambers now 
appear white while the myocardium has disap-
peared). In fetal echocardiography it can be 
applied to create digital casts of the cardiac 
chambers and vessels (14).

Advantages of 3D/4D examination of fetal 
heart

The main advantages of the examination 
3D/4D versus 2D of the fetal heart are:

Introduction of the virtual plane gives us 
views of the fetal heart not generally ac-
cessible with 2D approach.
Storage of volumes of cardiac anomalies 
or of the normal heart for review of the 
findings or for a second opinion.
For fetal heart screening.
The time used for scanning is shorter for 
3D examination (3-4 minutes).

There are a few disadvantages of the exam-
ination 3D/4D of fetal heart:

We need a very good ultrasound ma-
chine.
We need a special training to obtain 3D 
volume data sets (how to choose the ap-
propriate slice thickness within the vol-
ume, the region of interest).

Pitfalls of 3D/4D echocardiography

Fetal cardiac ultrasound using 3D/4D has 
some artifacts that are specific to 3D/4D acqui-
sition and post-processing. 

The quality of a STIC acquisition can be 
negatively modified by fetal body movement, 
by breathing mouvements, hiccups. The acqui-
sition is improved when the fetus is quiet, and 
when we are using the shortest scan time. In 
the multiplanar display, in the B plane we can 
see the artifacts generate by fetal movement 
even though in the A-plane the acquisition is 
good. It is important to remember that the 
quality of the initial acquisition will affect all 
other stages of fetal heart evaluation.

The original angle at which the scan is per-
formed is very important because can influ-
ence the quality of the planes aquired. Usually 
it is recommended that the sweep angle cor-
responds to the number of weeks of gestation 
(15). 

•

•

•
•

•

•

FIGURE 6. Rendered image of CAV plane

Shadows generate a specific problem for 
3D/4D acquisition, because when we start 
scanning from the 2D plane acoustic shadows 
may not be apparent, but they may be present 
within the aquired volume block in 3D/4D. So, 
the fetal position with the spine up creates 
some problem of acquisition and the acquisi-
tion is easiest when the spine of the fetus is not 
in ventral position.

When we are using 3D rendering we can 
applicate some adjusting designed to smooth 
the image. These adjustings can lead to loss of 
data from the original scan, so when we are us-
ing 3D rendering we must use always in the 
same time with the A-plane 2D image for com-
parison.

In evaluating congenital heart disease Mey-
er-Wittkopf evaluated 3D cardiac volume sets 
and 2D diagnosed cardiac lesions and com-
pared the views of the heart in both modalities. 
They concluded that 3D added some advan-
tages in diagnosis (16). Also most recently Bena-
cerraf compared the acquisition and analysis 
for 2D and 3D examination of fetal anatomy 
scanning and concluded that 3D examination 
is superior in the accuracy of the diagnosis (17). 
The data obtained with 3D/4D fetal heart ex-
amination open new avenues for introducing 
fetal echocardiography programs to distant or 
poorly served medical areas (18).  
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CONCLUSION

The STIC technique acquisition used in fetal 
echocardiography has the great advantage 

that allows obtaining imaging of a beating fetal 
heart and from a volume data set it is possible 
to obtain any plane within the fetal heart at 
anytime during the cardiac cycle.

Volume data display can be achieved in 
planes (single, multiplanar, tomographic), as a 
rendered 3D volume in surface, glass-body, 
minimum, or inversion modes.

Clinically 3D/4D fetal cardiac scanning can 
be used to store volumes of cardiac anomalies, 
as a tool for screening examinations and also in 
teaching courses (19,20). So, this technology 
has reached the stage when it is reproducible 
and added a real value in screening accuracy, 
but also it can be used in research to measure 
the volume of cardiac chambers and develop 
an approach to demonstrate cardiac anoma-
lies.  
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