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Abstract: Gray-scale image data are processed in 3D ultra-
sound by repeated scans of multiple planes within a few
seconds to achieve one surface rendering image and three
perpendicular plane images. The 4D image is achieved
by repeating 3D images in short intervals, i.e. 3D and 4D
ultrasound are based on simple B-mode images. During
3D/4D acquisition, a fetus in utero is exposed by ultra-
sound beam for only a few seconds, and it is as short as
real-time B-mode scanning. Therefore, simple 3D imaging
is as safe as a simple B-mode scan. The 4D ultrasound is
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also as safe as a simple B-mode scan, but the ultrasound
exposure should be shorter than 30 min. The thermal
index (TI) and mechanical index (MI) should both be
lower than 1.0, and the ultrasound study is regulated by
the Doppler ultrasound if it is combined with simple 3D
or 4D ultrasound. Recently, some articles have reported
the functional changes of animal fetal brain neuronal cells
and liver cell apoptosis with Doppler ultrasound. We dis-
cuss cell apoptosis by ultrasound in this report. Diagnos-
tic ultrasound safety is achieved by controlling the output
pulse and continuous ultrasound waves using thermal and
mechanical indices, which should be <1.0 in abdominal
and transvaginal scan, pulsed Doppler, as well as 3D and
4D ultrasound. The lowest spatial peak temporal average
(SPTA) intensity of the ultrasound to suppress cultured cell
growth is 240 mW/cm?, below which no ultrasound effect
has been reported. An ultrasound user must be trained to
recognize the ultrasound bioeffects; thermal and mechani-
cal indices, and how to reduce these when they are higher
than 1.0 on the monitor display; and guide the proper use
of the ultrasound under the ALARA principle, because the
user is responsible for ensuring ultrasound safety.

Keywords: 3D; 4D; bioeffect; fetus; pulsed Doppler; safety;
ultrasound.

Introduction

One example of scientific advancement in diagnostic
ultrasound is the 3D ultrasound, which has several clini-
cally useful functions [1-3] as listed below.

—  Surface anatomy imaging

—  Multiplanar imaging of the intracranial structure

—  Tomographic ultrasound imaging

— Thick slice imaging of the intracranial structures
(volume contrast imaging, VCI)

—  Simultaneous volume contrast imaging of the same
section or vertical section of the fetal brain structure
Volume calculation of target organs (VOCAL)

—  Inversion mode demonstrating hypoechoic parts [4)
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- Maximum imaging (bony structural imaging)
- HDlive imaging [5, 6]

Furthermore, through the advanced technology of 4D
ultrasound fetal face expression, fetal movements and
fetal behavior can be imaged by surface rendering, where
the antepartum fetal abnormality is assessed by KANET
scoring with 4D ultrasound [7]. Furthermore, spatio-tem-
poral image correlation (STIC) [4, 8] and fetal heart assess-
ment by 4D ultrasound have been improved.

Recent examples of 3D/4D imaging technology, HDlive
Silhouette and HDlive flow, have been introduced by the end
of 2014. HDlive Silhouette imaging with special algorithm
demonstrates changes in the acoustic impedance within the
volume, providing the “see-through” advantage in prenatal
diagnosis. HDlive flow still images demonstrate a more real-
istic 3D effect and, when combined with 4D STIC, can depict
multi-level crossing of intracardiac and/or extracorporeal
circulation even from the early stages of pregnancy.

As 3D and 4D ultrasound is an important work in
obstetrical study, the possible harm they may cause on
the antepartum fetus should be studied. Previous studies
on the thermal ultrasound effect caused by the heating
of absorbed ultrasound by the tissue reported that a 1.0
thermal index (TI) indicates one degree centigrade ultra-
sound power, which is the ultrasound intensity that c an
raise tissue temperature for one degree centigrade under
standard attenuation and standard local perfusion.

Meanwhile, the mechanical ultrasound effect is repre-
sented by cavitation (broken bubbles associating noise),
high temperature and pressure, as well as free radicals.
The mechanical effect is expressed by the mechanical
index (MI), which is defined by the rarefactional pressure
of ultrasound pulse (Mega-pascal) divided by the square-
root of ultrasound frequency (MHz) [9, 10].

In an obstetrical setting, diagnostic ultrasound is safe
when the Tland Ml are <1.0 [9, 10]. Given that the ultrasound
user is responsible for the diagnostic ultrasound [10], if the
TI/MI values are 1.0 or more on the monitor screen, then
he/she has to reduce the safety indices to a level lower than
1.0 by adjusting the output intensity [10]. Meanwhile, the
ISUOG provided a device with which to measure thermal
index, and Sande et al. recorded pulsed Doppler flow wave
with 0.1 TI ultrasound [11], which satisfied the As Low As
Reasonably Achievable (ALARA) principle.

Our threshold of ultrasound bioeffect intensity is set
to 240 mW/cm? in the suppression of cultured cell growth;
no effect has been noted under this threshold level
intensity [12]. In addition, the Japan Industrial Standard
(JIS) regulates output intensity of diagnostic ultrasound
devices to be lower than 10 mW/cm? [13].
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Safety of the 3D ultrasound

Given that 3D ultrasound scans whole imaging volume in
a few second with multiple sections of a simple B-mode
ultrasound, a point on the fetal body would not be
exposed to ultrasound repeatedly. Thus, 3D ultrasound
is the same as a simple B-mode. In addition, the short
scanning time, temperature rise, and thermal effect in
the 3D ultrasound are almost the same as in the simple
B-mode. The use of the 3D ultrasound is safe in terms of
thermal effect based on the WFUMB ultrasound safety
and standardization symposium, which declared that
simple B-mode is not contraindicated by thermal reason
because of its very low output intensity [9], and on the
JIS’ limitation (<10 mW/cm?) on the output of diagnostic
ultrasound devices [13]. In terms of thermal and mechani-
cal bioeffects, if the spectral power Doppler is combined
with 3D ultrasound, the mechanical effect to the air con-
taining lung tissue may affect pulmonary tissue because
pulmonary hemorrhage is induced in animal neonates by
exposure to intense pulsed ultrasound. TT and MI should
be lower than 1.0 when the pulsed Doppler is added the
3D ultrasound to prevent the mechanical bioeffect of
the Doppler ultrasound. Furthermore, the device output
intensity should be reduced by the user to lower the TTand
MI to a value <1.0 on the monitor display [10].

Safety of the 4D ultrasound

Although the 4D ultrasound image is obtained by computer
processing of 10-24 frames of fetal 3D pictures in a second,
a fetal part will not be repeatedly exposed to ultrasound,
because both the fetus and the 4D scan are moving. The
thermal effect of the ultrasound will not be concerned with
the 4D despite the fact that a large number of ultrasound
scans are repeated, because the simple B-mode is the
base of 4D images. The 4D ultrasound is considered to be
a long B-mode scan, which is divided into short pieces of
scans, where scarce heating due to ultrasound absorption is
cooled by local perfusion. The (TI) and mechanical indices
are both <1.0 in 4D ultrasound. Therefore, there will be no
problem caused by ultrasonic effect in 4D surface rendering.

In a recent study on b-mode exposure, fetal brain
neuron migration is disturbed by such prolonged expo-
sure of about 30 min in pregnant fetal mice [14]; hence, it is
recommended that the B-mode and 4D ultrasound should
not be longer than 30 min. TI and MI indices should also
be lower than 1.0, and exposure time should be as short as
possible when the pulsed Doppler technique is associated
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with 4D ultrasound. Sande et al. attempted to use a low
TI index of 0.5 or 0.1 in their proposed pulsed Doppler
method [11].

Recent reports related to
the ultrasound effect

Ang et al. [14] reported the delay of fetal mouse neuron
migration after 30 min of prenatal exposure to ultrasound
waves of a commercial real-time B-mode ultrasound probe,
which was directly attached to the abdomen of a pregnant
mouse. Ping et al. [15] reported three 20-min exposures
of 3.5 MHz and 106 mW/cm? ultrasound to pregnant rats,
which resulted in damaged learning and memory func-
tions; reduction of mRNA, NMDA, and so on; and damaged
hippocampus in 2-month infant animals. It was possible
that pregnant mice and rats were warmed in the 20- to
30-min attachment to heated ultrasound probe, because
a transvaginal scan probe temperature should be below
41°C. Therefore, the abdominal scan probe was also heated
to warm pregnant small animals. Head and neck anoma-
lies were produced in fetal animals by the direct heating of
41°C for 20-30 min in the biological report of the National
Council on Radiation Protection and Measurements (NCRP)
[16]. Furthermore, exencephaly was produced by the direct
heating of the ultrasound probe [17]; heavy fetal animal
heating developed head anomaly, while weak heating may
develop abnormal brain function in fetal animal.
Therefore, the two abovementioned experiments should
be double checked by cutting off the heat of the ultrasound
probe, which might warm the pregnant animals being
tested; this can be done by inserting 37°C stabilized water
between the probe and the animal, as in our group study in
Japan [12], before arriving at the conclusion that ultrasound
may produce abnormal brain function or brain damage. For-
tunately, short and weak ultrasound exposure developed no
fetal abnormality in both reports [14, 15], which might be
due to the reduced heating of the ultrasound probe.
Meanwhile, Pellicer et al. [18] reported the develop-
ment of intermittent apoptosis of fetal rat liver cells after a
short study of ductus venosus flow with 5.8 MHz and SPTA
140.6 mW/cm? pulsed Doppler ultrasound. This may be
confusing because ultrasound intensity is lower than the
bioeffect threshold, and the exposure duration is too short
to heat the animals. Furthermore, the apoptosis did not
temporally develop any neonatal abnormality despite the
occurrence of the hepatic cell apoptosis. The exposure to
0.1 TT ultrasound could be double checked, because Sande
et al. [11] reported the success of pulsed Doppler flow wave
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record with 0.1 TI ultrasound. The use of the 0.1 TI pulsed
Doppler can be permitted in the early stage of pregnancy
if there is neither apoptosis nor neonatal/infantile animal
abnormality, after double checking with 0.1 TI pulsed
Doppler ultrasound, where the apoptosis would be cate-
gorized as physiologic intrinsic apoptosis [19]. This is pro-
voked by high frequency 5.8 MHz ultrasound [18], and in
this case, the ultrasound effect would not be hazardous.

Nonmedical fetal imaging

An ultrasound image should be obtained only by medical
indication. Meanwhile, some parents obtain fetal 3D or 4D
images as a keepsake or a souvenir of their children even
without medical indication. Given that diagnostic ultra-
sound safety is achieved by the study on the bioeffects of
ultrasound use, prudent use of ultrasound devices should be
exercised, along with the control of ultrasound output inten-
sity to keep the TI and MI at safe levels by trained ultrasound
user after detailed training. It may be unsafe for untrained
personnel to handle ultrasound imaging devices as they have
no knowledge of possible ultrasound bioeffects, the prudent
use of diagnostic devices, and how to control output inten-
sity. Therefore, the nonmedical use of diagnostic ultrasound
imaging devices by untrained personnel should be prohib-
ited to prevent any damage on the unborn babies’ health.

Safe use of diagnostic ultrasound
at present

Real-time B-mode

There is no thermal regulation of WFUMB, because of very
low output intensity. Nevertheless, exposure should be as
short as possible, e.g. <30 min.

Transvaginal scan

Probe surface temperature should be lower than 41°C, and
exposure time should be <30 min.

3D ultrasound

There is problem in the safety of 3D image diagnosis. Nev-

ertheless, the intensity of associated Doppler ultrasound
should be as low as possible, e.g. 0.1 TI.



128 —— Pooh et al., Safety of 3D/4D sonography

4D ultrasound

This is similar to the 3D ultrasound, although exposure
time should be <30 min. Exposure time should be short if
it is combined with the pulsed Doppler method.

Doppler ultrasound

TI and MI should be lower than 1.0. The intensity
should be as low as 0.1-0.5 TI in early pregnancy. Appli-
cation is limited following ISUOG statement in early
pregnancy [20].

Keepsake 3D/4D

Ultrasound imaging should be done only with medical
indication. Untrained personnel sho have no knowledge
of the ultrasound bioeffect and safety procedures should
not operate ultrasound imaging devices for safety reasons.

Conclusion

Diagnostic ultrasound safety is achieved by controlling
the output pulse and continuous ultrasound waves using
thermal and mechanical indices, which should be <1.0
in abdominal and transvaginal scan, pulsed Doppler, as
well as 3D and 4D ultrasound. The lowest SPTA inten-
sity of ultrasound to suppress cultured cell growth is
240 mW/cm?, below which no ultrasound effect has been
reported.

An ultrasound user should be trained so that he/
she has knowledge of ultrasound bioeffects; thermal and
mechanical indices, and reducing these when they are
higher than 1.0 on the monitor display; and the prudent
use of the ultrasound machine under the ALARA princi-
ple, because the user is responsible for ensuring ultra-
sound safety.
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