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Aim To evaluate the clinical usefulness of two-dimensional B-flow imaging and four-dimensional (4D)

B-flow spatio-temporal image correlation (STIC) as real-time three-dimensional technology in visualiz-

ing fetal cardiac blood flow.

Method We examined 65 normal singleton fetuses between 21 and 39 weeks of gestation, using VOLUSON

730 Expert ultrasound device with transabdominal 3D/4D transducer. After visualizing fetal cardiac

blood flow by two dimensional B-flow mode, B-flow STIC images were acquired .The acquisition angle

was 40° and acquisition time 15 s. The cardiac vascular system was analyzed off-line on multiplanar

and reconstructed 3D/4D rendered images.

Results In 38 out of 65 cases, all extracardiac vessels of aortic arch, descending aorta, inferior vena cava, ductus

venosus and hepatic vein could be detected on reconstructed 3D/4D images. In all 65 cases, two or

more pulmonary veins were easily depicted. On a cardiac back-front view created by rotating 4D re-

constructed image, two pulmonary veins among a totalof four were depicted in 34 cases (52.3%), three

veins in 28 cases (43.1%) and all four pulmonary veins in three cases (4.6%).

Conclusion B-flow and/or B-flow STIC allow visualization of fine small vessels with low velocity, such as pulmo-

nary veins, and may have a great potential for detailed detection of an abnormality of small cardiac ves-

sels, such as total anomalous pulmonary venous return.

A recently developed B-flow imaging

technology permits direct gray-scale and non-

Doppler visualization of the blood flow in a fetus.

The most useful characteristic of B-flow is a better

resolution with a higher frame rate on the gray-

scale image. The peripheral fine blood vessels can

be demonstrated, because of direct visualization

of blood reflectors. B-flow is one of the options of

gray-scale mode and has no limitation on region of

interest (ROI) on two-dimensional (2D) image. Set-

ting of ROI, flow velocity, and pulse repetition fre-

quency, which are usually required in color/po-

wer Doppler mode, are not necessary in B-flow,

and an easy swift-switching between conventional

2D imaging and B-flow imaging is possible. Fur-

thermore, as B-flow has no angle-dependency, it

provides an easier acquisition of image than color

Doppler despite the direction or angle of blood

vessels.

Spatio-temporal image correlation (STIC)

is a four dimensional (4D) ultrasound technology

that allows analysis of the image data according to

their spatial and temporal domain and processes an

online dynamic three-dimensional (3D) image se-

quence after an automatic volume sweep. Four-di-

mensional cardiac images are shown on a multi-

planar reformatted cross-sectional display and/or a

surface-rendered display. By this technology, we
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can navigate within the heart, slice in any direc-

tion, and produce any standard imaging planes for

a comprehensive diagnosis.

Our aim was to evaluate the clinical use-

fulness of 2D B-flow imaging and 4D B-flow STIC

in visualizing fetal cardiac blood flow.

Patients and Method

A total of 65 singleton fetuses between

21 and 39 weeks of gestation without maternal

and fetal complications were prospectively evalu-

ated by using STIC and B-flow imaging at our Fetal

Ultrasound Unit of Kagawa National Children’s

Hospital between December of 2004 and Febru-

ary of 2005. No neonatal complications were con-

firmed after birth on a routine neonatal check and

sonographic examination. This study was approv-

ed by the local Ethical Committee and informed

consent to participate in this study was provided

and signed by every mother included in the study.

Ultrasound equipment consisted of

VOLUSON 730 Expert (GE Medical Systems Co.,

Milwaukee, WI, USA) with transabdominal 3D/

4D transducer. After demonstrating fetal thoraco-

abnominal blood flow by 2D B-flow, B-flow STIC

images were obtained by a single automatic vol-

ume sweep scanning. The angle of acquisition for

STIC was 40° and acquisition time 15 s. Obtained

volume datasets were saved on the hard disk of the

ultrasound equipment. Off-line analyses of blood

vessels were done on three orthogonal images,

which can provide multiplanar tomographic im-

ages in any plane, and spatial reconstructed vol-

ume-rendering images, which show the superficial

blood vessels.

Results

Two dimensional B-flow images and

three dimensional B-flow by automatic scanning

were easily obtained in all 65 cases without any ar-

tifacts caused by maternal or fetal motion. In all 65

cases, extracardiac vessels – the aortic arch, de-

scending aorta, inferior vena cava, ductus venosus

and hepatic vein – were detectable on the three or-

thogonal views of multiplanar imaging and recon-

structed image of fetal thoracoabdominal vascular

system by B-flow STIC (Fig. 1). On the recon-

structed B-flow STIC, volume rendering image was

rotated and each extracardiac vessel was con-

firmed from different directions (Fig. 2). Practi-

cally, those images were demonstrated not only as

static images but also as 4D cine images with car-

diac motion. However, all those vessels were

clearly shown on a single 4D reconstructed image

in 38 out of 65 cases and in the remaining 27

cases, one or more extracardiac vessels were blur-

red because of artifacts, so they could not be

clearly identified on the reconstructed 4D image.

In all 65 cases, two or more pulmonary

veins from the lung toward the left atrium could be

easily depicted by both 2D B-flow mode and

B-flow STIC reconstructed imaging. 2D coronal

cutting section of B-flow image among the multi-

planar views and 3D thick slice image of two pul-

monary veins from the right and left lung into the

left atrium could be visualized (Fig. 3). By rotation

of the 4D B-flow STIC cardiac superficial view to

visualize the pulmonary veins towards the left

atrium on a back-front view of the heart, two pul-

monary veins among a total of four veins were de-

picted in 34 cases (52.3%), three veins in 28 cases

(43.1%), and all of four pulmonary veins from the
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Figure 1. B-flow STIC image at 26 weeks of gestation.

Three orthogonal views and reconstructed image of fetal

thoracoabdominal part by B-flow STIC, which could also be

visualized as 4D cine images with cardiac motion. UV –um-

bilical vein, IVC – inferior vena cava, Ao – aorta.

Figure 2. B-flow STIC volume rendering image from three

directions at 26 weeks of gestation. Rotated pictures of

the ductus venosus (DV), inferior vena cava (IVC), descend-

ing aorta (Ao), umbilical vein (UV) and hepatic veins (HV).



bilateral lungs toward the left atrium could be suc-

cessfully demonstrated on a single reconstructed

view in three (4.6%) cases (Fig. 4) at 30, 33, and 35

weeks of gestation, respectively.

Discussion

B-flow is a unique technology that uses

digitally encoding techniques to suppress tissue

clutter and improves sensitivity for the direct visu-

alization of blood reflectors. In general, non

Doppler B-flow sonoangiography has many ad-

vantages in comparison with color Doppler imag-

ing, such as significantly lower angle dependency,

lower interference with frame rate, no need to set

ROI, no interference with gain or flow velocity,

better resolution and better visualization of hemo-

dynamics. There have been several reports of

B-flow used for detection of stenotic lesion in the

cervical carotid artery (1-3) and the evaluation of

liver blood vessels and intratumoral vessels (4,5).

Yurdakul et al (3) reported that B-flow imaging

showed high correlation with digital subtraction

angiography and provided more accurate

planimetric evaluation of the internal carotid ar-

tery stenosis than did power Doppler. An applica-

tion of B-flow in perinatology was first reported by

Pooh (6) in 2000, showing that B-flow imaging

could realistically demonstrate the small periph-

eral vessels, such as the lenticulostriate arteries of

neonatal brain. B-flow shows only moving blood

particles inside the blood vessels, whereas

color/power Doppler signals, which are larger

than B-mode pixels, are superimposed onto the

B-mode structural layer and blood flow is demon-

strated as exaggerated and blurred vascular image.

Therefore, vascular flow in the blood vessels is

more realistically represented and more clearly

delineated on B-flow than on color/power Dopp-

ler image.

STIC (7-9) 4D ultrasound is a new ap-

proach in clinical assessment of the fetal heart.

STIC is an easy-to-use technique to acquire data on

the fetal heart that allows visualization with both

3D static images and 4D sequences. DeVore et al

(7) reported the many advantages of STIC in evalu-

ation of the fetal heart, such as a temporal resolu-

tion with a high frame rate, an unlimited number

of images, and a looped cine sequence imaging for

review. It allows for correlation between image

planes perpendicular to the main image acquisi-

tion plane, shortening of the evaluation time, ob-

taining the reconstruction of a 3D rendered image

with additional information that is not available

from the thin multiplanar image slices, and re-

viewing volume data at a remote site. Combina-

tion of STIC technology with color/power Doppler

technique was introduced in 2003. Chaui et al (10)

evaluated normal and abnormal fetal hearts by

color Doppler STIC, suggesting it as a promising

new tool for multiplanar and 3D/4D rendering of

the fetal heart despite limitations in fetuses of late

gestation with large hearts because of angle limita-

tion of STIC and fetuses of early gestation with low

discrimination of color signals because of low

blood flow velocity in small fetuses. Unlike color/

power Doppler, B-flow can demonstrate fine pe-

ripheral vessels with low flow velocity. This is the

reason why B-flow may be potentially used as an

imaging technique in fetal cardiac imaging (11)

and may compensate for limitations of color/po-

wer Doppler technology. B-flow technology was

combined with STIC in 2004 and Goncalves et al
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Figure 4. Backside view of the cardiac B-flow STIC image

at 33 weeks of gestation. Four pulmonary veins (arrow-

heads) from the bilateral lung toward the left atrium were

detectable by rotating reconstruction image and demon-

strated as a 4D cine image with cardiac motion.

Figure 3. B-flow image of bilateral pulmonary veins at 27

weeks of gestation. A coronal cutting plane is shown from

three orthogonal views (left) and 3D thick-slice image of bi-

lateral pulmonary veins (arrowheads).



(12) were the first to report on the use of B-flow

STIC imaging. They showed that images created

by B-flow STIC and inversion mode as ‘digital

casts’ and this modality allowed visualization of

the relationships, size, and course of the outflow

tracts, thus helping the examiner to better under-

stand the spatial relationships between the vessels.

We used B-flow for visualization of fetal

cardiac blood vessels and found that not only

extracardiac vessels, such as aorta, ductus veno-

sus, inferior vena cava, and hepatic veins, but also

small vessels with low velocity blood flow such as

pulmonary veins could be immediately identified

on 2D B-flow and examined in detail on saved im-

age data of B-flow STIC. In fetuses that we exam-

ined, two or more pulmonary veins were detect-

able in all cases. Because the pulmonary veins

were located in the backside of the heart and it

was difficult to demonstrate all four pulmonary

veins by conventional ultrasound techniques of

B-mode, color/power Doppler and even by 2D

B-flow. Moreover, showing four pulmonary veins

on a single image has been impossible by any ul-

trasound technology. Even with B-flow STIC, suc-

cessful acquisition of all four pulmonary veins is

difficult because of their location, smallness and

low-velocity. However, we managed to visualize

all four pulmonary veins clearly in only three

cases. To the best of our knowledge, this is the first

report on clear demonstration of four pulmonary

veins in a single 4D view. We believe that B-flow

STIC may have a great potential for detailed detec-

tion of a small cardiac vascular abnormality, such

as total anomalous pulmonary venous return.

The limitation of B-flow STIC is that it

provides no information on blood flow direction.

Visualization of the extracardiac great vessels is

possible by B-flow STIC, however, intracardiac

vascular flow is not clearly detected because of

lack of information of blood flow direction. Com-

bination of both color Doppler STIC with direc-

tional information and B-flow STIC with identifica-

tion of fine vascular flow may be useful for obtain-

ing cardiac vascular information.

In conclusion, B-flow and/or B-flow

STIC can contribute to detailed information of car-

diac vascular blood flow in fetal echocardiograp-

hy, because it provides easy and objective identifi-

cation of small vessels. This unique technology

may be a promising tool in detecting fine blood

vessels, such as fetal/neonatal renal and brain ves-

sels and placental blood flow in a field of peri-

natology.
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