Ultrasound imaging of the early fetus:
IS it safe?

Diagnostic ultrasound has an excellent safety record in general and, in particular, in obstetrics. As a form
of energy, ultrasound has effects in insonated tissues that are caused by two main mechanisms: thermal
and nonthermal (also known as mechanical). Onscreen indicators of these potential bioeffects are the
thermal and mechanical indices. Biological effects of ultrasound have been reported in animals but no
harmful effects have been demonstrated in human epidemiological studies. However, all epidemiological
studies published so far are based on information obtained with pre-1992 machines, when acoustic
intensities for fetal use of ultrasound instruments were allowed to be increased by a factor of almost
eight. Many applications are used to scan the fetus and, increasingly, this is performed early in gestation,
a time when the fetus is known to be particularly sensitive to external influences. While dating and location
of the gestation and verification of the number of fetuses have long been employed in clinical obstetrics,
several more recently described applications include, for instance, early anatomy survey for structural
anomalies and screening for genetic disorders. All are, generally, performed only with B-mode, but some
more recently reported studies use Doppler technology, known to potentially expose the fetus to much
higher levels of acoustic energy, such as analysis of the ductus venosus or cardiac function. Ultrasound is
a crucial tool in clinical obstetrics, it allows assessment of fetal anatomy, behavior and function. However,
it needs to be used with precaution, particularly in early pregnancy. There should always be a medical
indication and personnel should be aware of safety and potential bioeffects. End-users should follow the
rule of the shortest time possible, at the lowest possible output, compatible with an adequate diagnosis.
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Diagnostic ultrasound has been in use for over
50 years in obstetrics and gynecology. Its record
of safety is excellent, with no epidemiological
studies demonstrating harmful effects in human
fetuses. However, a very important fact to keep
in mind when considering bioeffects and safety
of ultrasound for the fetus is that all epidemio-
logical studies published so far are based on
information obtained with pre-1992 machines,
a time when estimated 7z situ intensity for
fetal use was allowed to be increased from 94
to 720 mW/cm?, a factor of almost eight [1].
Furthermore, while B-mode gray scale continues
to be the main examination mode, newer tech-
nologies and applications of these technologies
have been introduced over the years. Moreover,
with advancements in technology and resolu-
tion, many fetuses are examined very early in
pregnancy, for example for nuchal translucency
(NT) screening [2] or, for fetal anatomy survey
starting around 11-13 weeks, at the time of the
NT screening [3]. An additional opportunity for
early exposure is the performance of nonmedi-
cally indicated ultrasound (also known as enter-
tainment ultrasound), a trend that has recently
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increased, particularly in the USA (4]. Doppler
ultrasound, in particular, needs to be attentively
examined, in terms of bioeffects and safety to the
fetus. Specifically, color and spectral Doppler
evaluation of the fetal heart valves, heart func-
tion and ductus venosus is advocated by some for
early assessment in the first trimester [5-7]. One
needs to ponder whether there is enough evi-
dence to validate the use of ultrasound imaging
in general and Doppler in particular in the first
trimester and whether ultrasound can have detri-
mental effects on the fetus in the first trimester?
The answer to the first question is well beyond
the realm of this article, which will discuss the
mechanisms for effects of ultrasound in tissues,
experimental evidence, clinical relevance and, in
particular, ways to limit the possible hazards of
exposure of the fetus at early stages of gestation.

Bioeffects of ultrasound

Two major mechanisms are operative in any tissue
traversed by ultrasound: thermal and nonthermal.
Local tissue heating is an indirect effect due to
acoustic energy being transformed into thermal
energy, thus it is called a thermal effect (8], while
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nonthermal effects (also known as mechanical)
are a direct response, consisting of tissue reac-
tion to altering positive and negative pressure.
Mechanical effects also include effects that are
not purely mechanical, such as chemical or
physical 9,10].

B Thermal effects

Ultrasound may induce a rise in temperature in
insonated tissues. This is important because spe-
cific structural abnormalities have been shown to
be induced by increased temperature in many ani-
mal studies, as well as several controlled human
studies [9]. Elevated maternal temperature in early
gestation has been associated with a higher than
expected incidence of congenital anomalies [11].
Such teratogenic effects do not refer to ultra-
sound-induced temperature elevation, unless so
indicated. Edwards and others have demonstrated
that hyperthermia is teratogenic for numerous
animal species, including humans [12], and sug-
gested a 1.5°C temperature elevation above the
normal value as a universal threshold 13]. This
acceptance of a threshold forms the basis for the
as low as reasonably achievable (ALARA) prin-
ciple: keep the exposure as low as possible, for the
least amount of time possible, but yet enough to
get adequate diagnostic images. It has even been
proposed that there may be no thermal threshold
for hyperthermia-induced birth defects [14,15]. Any
temperature increment for any period of time has
some effect, the higher the temperature differ-
ential or the longer the temperature increment,
the greater the likelihood of producing an effect.
Since two accepted facts are that ultrasound has
the potential to elevate the temperature of the tis-
sues being scanned [9.16-18] and elevated maternal
temperature, whether from illness or exposure to
heat, can produce teratologic effects [11,12,15,19-21],
the obvious question is whether diagnostic ultra-
sound can induce a harmful/teratological rise in
temperature in the fetus [8,22,23]. Some believe
that this temperature rise is, in fact, a major
mechanism for ultrasound bioeffects [9.15]. For
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All data are derated values in mW/cm?.
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prolonged exposures, temperature elevations of
up to 5°C have been obtained [22]. Temperature
change in insonated tissues depends on the bal-
ance between heat production and heat loss. A
particular tissue property that strongly influences
the amount of heat transported is local perfusion,
which very clearly diminishes the risk, if present.
It is worth noting here that in early pregnancy,
under 6-8 weeks, there appears to be minimal
maternal—fetal circulation, that is, minimal fetal
perfusion, which may potentially reduce heat dis-
persion [24]. The lack of perfusion is one reason
why the spatial-peak temporal-average intensity
(Igpp) for ophthalmic applications has been kept
very low, in fact, much lower than peripheral vas-
cular, cardiovascular and even obstetric scanning,
despite the general increase in acoustic power that
was allowed after 1992 (Tasie 1). There are some
similarities in physical characteristics between the
early, first-trimester embryo and the eye. Neither
is perfused, they can be of similar size and pro-
tein is present (in an increasing proportion in the
fetus). At approximately weeks 4-5 (throughout
this article, as accepted in the obstetrical litera-
ture, gestational age is equivalent to menstrual age
which is 2 weeks more than fertilization age), the
gestational sac is approximately the size of the eye
(2.5 cm in diameter), and by week 8, it is approxi-
mately 8 cm in diameter. Ultrasound imaging
in these early stages of gestation involves ‘whole-
body’ scanning since the fetal size is less than the
cross-section of the beam (Fieure 1). In addition,
there is no or minimal perfusion in very early
gestation. Only at about weeks 10-11 does the
embryonic circulation actually link up with the
maternal circulation [25]. Thus, there may be some
underestimation of the actual ultrasound-induced
temperature in early gestation, mainly because of
the absence of perfusion. The perfusion issue is
in addition to modifications of tissue temperature
due to ambient maternal and fetal temperatures.
Furthermore, motions (even very small) of the
examiner’s hand as well as the patient’s breathing
and body movements (in the case of obstetric
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Figure 1. First trimester scan. The entire fetus is included within the ultrasound beam, allowing for

‘whole-body” insonation.

ultrasound, both the mother and the fetus) tend
to spread the region being heated. The highest
potential for heating is always when the beam
is stationary. With beam movement, previously
heated tissue quickly cools, when not being
exposed to ultrasound. However, early in gesta-
tion, as described eatlier, the fetus is very small
and the amount of perfusion and circulation are
low and how much heat is being dispersed is next
to impossible to evaluate. Furthermore, for spec-
tral (pulsed) Doppler studies, conditions may be
different (see later). As mentioned earlier, there
is a mathemartical/physical relationship between
temperature elevation and several beam charac-
teristics. The final temperature rise depends pri-
marily on acoustic power and beam size, as well
as the acoustic absorption and thermal properties
of the tissue. This acoustic power may be altered
by changes in wave amplitude (controlled by the
machine output), pulse length and pulse-repeti-
tion frequency. Hence, manipulating any of these
via instrument controls will alter the 77 situ con-
ditions. Temperature increases of 1°C or more
can easily be reached in routine scanning (26].

B Nonthermal effects

Ultrasound bioeffects also occur through
mechanical processes [27,28]. These are inter-
actions between the ultrasound wave and the
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tissue that do not cause a significant degree of
temperature increase (<1°C above physiologic
temperature). These include acoustic cavitation,
as well as radiation torque and force, and acous-
tic streaming, secondary to propagation of the
ultrasound waves. While included in this cat-
egory, some effects are, in fact, the result of the
mechanical interaction but are actually physical
(shock wave) or chemical (release of free radicals)
effects. Cavitation seems to be the major factor
in mechanical effects [29] as it has been demon-
strated to occur in living tissues (e.g., lungs and
intestines) under ultrasound insonation [30,31].
Two types of cavitation can be described: stable
and inertial (previously defined as transient). To
occur, both need the presence of gas bubbles in
insonated tissues. Stable cavitation corresponds
to vibrations or small repeatable oscillation of
the bubble diameter without leading to bubble
collapse (see later). It occurs at relatively lower
acoustic intensities and is more long-lived
than inertial cavitation with possible resulting
microstreaming. Inertial cavitation indicates
expansion and reduction in volume of the bub-
bles, secondary to alternating positive and nega-
tive pressures generated by the ultrasound wave.
Expansion can be to an unstable size followed by
collapse of the bubble with production of very
high pressure (hundreds of atmosphere) and very
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elevated temperature (thousands of degrees) but
on such a small area and for such a brief time
that it will not be felt and is very hard to mea-
sure (adiabatic reaction = occurring without the
gain or loss of heat). This can, however, pro-
duce microstreaming (a phenomenon that has
also been described with no clear involvement
of bubbles [32-34]) or even release of free radicals
(35.36]. Biological effects, such as local intestinal
(37), renal (38] and pulmonary [39] hemorrhages,
of ultrasound in animals have been attributed
to mechanical effects, although cavitation
could not always be implicated. Furthermore,
since there does not seem to be gas bubbles in
fetal lungs or bowels (where effects have been
described in neonates or adult animals), the risk
to the fetus from mechanical effects appears to
be minimal [10,40]. Another described result of
mechanical energy is hemolysis [41]. Again, it
is evident, however, that the presence of some
cavitation nuclei is necessary for hemolysis to
occur. Ultrasound contrast agents can be a
source of such cavitation nuclei, when injected
into the body before ultrasound examination.
Bug, at present, there is no clear clinical indica-
tion for the use of ultrasound contrast agents
in fetal ultrasound [42] and, to date, no stud-
ies have investigated specifically the interaction
of ultrasound and microbubble contrast agents
in fetal tissues 7z vivo. It should, nevertheless,
be noted that in the presence of such contrast
agents, fetal red blood cells are more suscep-
tible to lysis from ultrasound exposure 7 vitro
43]. In addition to the above, fetal stimulation
caused by ultrasound (Doppler) insonation has
been described, with no apparent relation to
cavitation [44]. This effect may be secondary
to radiation forces associated with ultrasound
exposures. These forces were suspected at the
carliest stages of ultrasound research [45] and
are known to possibly stimulate auditory [46],
sensory [47] and cardiac tissues [48]. No harmful
effects of diagnostic ultrasound, secondary to
nonthermal mechanisms, have been reported in
human fetuses.

Output Display Standard

The Standard for Real-Time Display of
Thermal and Mechanical Indices on Diagnostic
Ultrasound Equipment, generally known as the
Output Display Standard or ODS, dates from
1992 when the US FDA yielded to pressure from
ultrasound clinical users and manufacturers to
increase the power output of instruments. Higher
outputs were assumed to generate better images
and, thus, improve diagnostic accuracy. To allow
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clinical users of ultrasound to use their instru-
ments at higher powers than originally intended
and to reflect the two major potential biological
consequences of ultrasound (mechanical and
thermal, see earlier), the American Institute of
Ultrasound in Medicine (AIUM), the National
Electrical Manufacturers’ Association (NEMA)
and the FDA (with representatives from the
Canadian Health Protection Branch, the
National Council on Radiation Protection and
Measurements [NCRP] and 14 other medical
organizations [9]) developed a standard related
to the potential for ultrasound bioeffects. This
was an attempt to provide quantitative safety-
related information. This information was to
appear onscreen during an examination so that
the end-users would be able to see how manip-
ulation of the instrument controls during an
examination causes alterations in the output and
thus on the exposure. As previously noted, the
acoustic intensity for fetal use, as expressed by
the estimated 77 situ I, , went from a previous
value of 94 to 720 mW/cm? (Tasie 1). The indices
to appear were the thermal index (TT), to pro-
vide some indication of potential temperature
increase, and the mechanical index (MI), to pro-
vide indication of potential for nonthermal (i.e.,
mechanical) effects [9.49,50]. The TT had three
variants: for soft tissue, to be used mostly in early
pregnancy when ossification is low; for bones,
to be used when the ultrasound beam impinges
on bone, at or near the beam focus, such as late
second and third trimesters of pregnancy; and
for transcranial studies, when the transducer is
essentially against bone, mostly for examinations
in adult patients. These indices were required to
be displayed if equal to or over 0.4. It needs to
be made very clear that TI does not represent
an actual or an assumed temperature increase.
It bears some correlation with temperature rise
in degrees Celsius, such that a higher TT can be
assumed to be associated with a higher tempera-
ture rise than a lower TT, but does not allow an
estimate or a guess as to what that temperature
change actually is in the tissue. The MI repre-
sents the potential for cavitation in tissues but
is not based on actual in situ measurements. It
is a theoretical formulation of the ratio of the
pressure to the square root of the ultrasound
frequency (hence, the higher the frequency,
the lesser risk of mechanical effect). Both the
TI and MI can and should be followed as an
indication of change in output during the clini-
cal examination. A clear extension of the above
statements is that education of the end-user is a
major part in the implementation of the indices.
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Unfortunately, this aspect of the ODS does not
seem to have succeeded as end-users’ knowledge
of bioeffects, safety and output indices is lack-
ing [s152). Both in Europe [52) and the USA [s1),
approximately 70% of clinicians (physicians and
sonographers, including nurses who perform
ultrasound) show very poor or no knowledge of
bioeffects and safety issues, do not know what
TIand MI represent and do not even know that
these appear onscreen during clinical ultrasound
examinations. Furthermore, several assumptions
were made when formulating the indices, which
bring questions on their clinical value. The most
significant (from a clinical aspect) is the choice
of the homogeneous attenuation path model
(defined as the H, model), with an attenua-
tion coefficient of 0.3 dB/cm/MHz, which is
supposed to be equivalent to the attenuation
occurring under worst-case conditions when the
ultrasound wave traverses the maternal abdo-
men and uterus, on its way to the fetus. This
may be an overestimation of the attenuation in
many clinical scenarios, a situation which would
underestimate the actual exposure. In NCRP
report number 140 [9], there is a whole chapter
indicating conditions where both indices may
be inaccurate, for example long fluid path (full
bladder, amniotic fluid, ascites or hydrocepha-
lus) or path through increased amounts of soft
tissue (e.g., obese patients). Based on mecha-
nisms involved, as far as is known, nonthermal
effects of ultrasound are probably negligible, if
they exist at all, in the fetus, as described earlier,
since no naturally occurring gas bodies are pres-
ent in the fetal lungs and bowels. It should be
noted, however, that some nonthermal effects
have been described in animals but at exposures
well above the upper limit (MI = 1.9) imposed
by the FDA [28]. There is, in fact, little informa-
tion on energy output and exposure in clinical
obstetrical ultrasound. Only relatively recently
has it been shown that, if one considers TT and
MI to be some indication of acoustic output,
then the levels are low in the first (53], second
and third trimester [54], and even in Doppler
studies [55] — although higher levels of TI can
be reached in this modality — as well as 3D/4D
examinations [5¢]. The aforementioned studies
should be viewed with some caution since they
were performed in units where end-users were
knowledgeable of bioeffects and safety. It should
also be noted that in some countries, the number
of prenatal ultrasound examinations has reached
ten per pregnancy and it is presently unknown
whether there is a cumulative dose effect to
exposure [57].

future science group

Ultrasound imaging of the early fetus: is it safe?

B Fetal susceptibility to external insults
This is, of course, the other side of the equation.
The growing fetus is very sensitive to external
influences. Known teratological agents include,
for instance, certain medications or drugs of
abuse taken by the pregnant woman, exposure
to x-rays and elevated temperature, secondary
to infectious diseases. This is especially true
in the first 10-12 weeks of gestation [58-60].
Gestational age is thus a vital factor when deal-
ing with possible bioeffects: milder exposure
during the preimplantation period can have
similar consequences to more severe expo-
sures during embryonic and fetal development
and can result in prenatal death and abortion
or a wide range of structural and functional
defects. Most at risk is the CNS owing to a
lack of compensatory growth of undamaged
neuroblasts. In experimental animals, the most
common defects are of the neural tube as well
as microphthalmia, cataract and microenceph-
aly, with associated functional and behavioral
problems [12]. More subtle effects are possible,
such as abnormal neuronal migration, with
unclear potential results [61]. Other prominent
defects are seen in craniofacial development
(more specifically facial clefts [62]), the skel-
eton [63], the body wall, teeth and the heart
(64]. Hyperthermia 77 utero (due to maternal
influenza for instance) was long known to
potentially induce structural anomalies in the
fetus [19,21,63,65-70] but, relatively recently, it has
been described as an environmental risk factor
for psychological/behavioral disturbances [71]
and, more particularly, schizophrenia [72]. It is
stressed that these are not ultrasound-induced
hyperthermia effects and it is suggested that
temperature elevation under 38.9°C is probably
not harmful. Yet, ultrasound has been shown to
induce temperature increase in vivo [12,15,73-79],
albeit not in humans. There is, however, a seri-
ous lack of data examining the effects of ultra-
sound while rigorously excluding other con-
founding factors. If one considers together the
facts that hyperthermia is potentially harmful
to the fetus and that ultrasound may, under cer-
tain circumstances, elevate tissue temperature,
then precaution has to be recommended, par-
ticularly in early gestation and especially with
modes known to emit higher acoustic energy
levels (e.g., pulsed Doppler).

B Ultrasound in early gestation

There are many valid medical indications to
perform ultrasound in early gestation [201].
These include, among others, bleeding, accurate
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gestation dating, confirmation of viability and
verification of the number of fetuses. All of these
examinations are performed with B-mode, a
mode with relatively low acoustic output.
However, more recently, screening for genetic
abnormalities and early assessment of structural
abnormalities are described in the literature in
early (11-15 weeks) pregnancy [2.3,80-82]. While
most of these are also performed with B-mode,
often Doppler is used to detect blood vessels
and/or to visualize and analyze cardiac valves,
potentially exposing the fetus to much higher
energy levels (see later). One needs to keep in
mind that, even with B-mode, dwell time is
important since prolonged examination can
result in higher exposure levels.

Is Doppler different & can it have
detrimental effects on the fetus in
the first trimester?

Several applications of the Doppler prin-
ciple are in clinical use: color Doppler, power
(also known as ‘energy’) Doppler and spectral
(pulsed) Doppler. Most of the discussion on
Doppler refers to pulsed Doppler, which is the
one with the potential highest acoustic power.
Color and power Doppler are somewhat in the
middle of the spectrum between B-mode and
pulsed Doppler. In addition, they are scanned
modes (as opposed to pulsed Doppler), meaning
the beam is not immobile but scans through the
region of interest, therefore, exposing each seg-
ment for much shorter periods. While a variety
of movements intervene during B-mode imag-
ing, such as fetal body motion, observer’s hand
movements and maternal breathing, it is neces-
sary to have the transducer as steady as possible
during a Doppler examination. This is because,
in general, blood vessels or heart valves are small
in comparison to the general organ or body size
being scanned and even small movements will
have more undesired effects on the resulting
image. As described later, the maximal inten-
sity (I,,,,) and acoustic power associated with
Doppler ultrasound are the highest of all the
general-use categories, 1180 mW/cm? for pulsed
Doppler as opposed to 34 mW/cm? for B-mode.
These numbers do not necessarily indicate the
actual exposure levels and, because of the way
they are obtained, cannot be easily compared
with the FDA limits, as previously discussed.
However, they express the fact that, in general,
acoustic exposure can be much higher during
Doppler examination. As mentioned, dwell
time (duration of exposure) is also of major
importance: Ziskin reported that among 15,973
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Doppler ultrasound examinations, the average
duration was 27 min (and the longest 4 h) [83].
Hearing the fetal heart beat is certainly a very
satisfying experience for the expecting par-
ents, and often this is accomplished by using
pulsed Doppler. In fact, using Doppler to ‘lis-
ten’ to the fetal heart is not new [84-86]. This
should be discouraged and replaced by m-mode
assessment. If Doppler is used, it is sufficient to
‘hear’ three to four heart beats and thus limit
the exposure. It is important to point out that
fetal heart monitoring is also performed with a
Doppler instrument but with continuous wave
(as opposed to pulsed in diagnostic ultrasound),
with extremely low outputs and, to the best of
our knowledge, with no thermal risk to the fetus.
Evidently, one of the major uses of ultrasound
is the prenatal detection of fetal abnormalities.
The organ most commonly affected by major
genetic disorders is the heart, hence extensive
research in imaging and functional assessment
of the heart. Doppler (pulsed [spectral] and
color) are the ideal techniques to examine the
heart. Extensive research has been published on
the value of ultrasound examination of the fetal
heart, including Doppler analysis of flow across
the cardiac valves and Doppler velocimetry of
various fetal vessels. The vast majority of pub-
lished reports were, until recently, on B-mode
examinations performed at 18-20 weeks.
However, several authors have demonstrated the
feasibility of examining the heart much sooner
in pregnancy, beginning at 10 or 11 weeks [87-91].
Doppler analysis has long been a tool to study
cardiac function, although mostly in the pla-
centa, umbilical or uterine arteries [92]. Studies
have been published of Doppler study of flow
through cardiac valves, beginning at 6 weeks
(93,94]. It should be noted that it is technically
extremely difficult to obtain these tracings and,
thus, very prolonged dwell times are necessary.
Some have described performing a measurement
of the heart diameter, heart rate and inflow and
outflow waveforms after 5 weeks [95]. It should
also be remembered that, at these early stages
of pregnancy, fetuses measure 1-2 cm in length
and therefore, as described earlier, ultrasound
scanning causes total body exposure in B-mode.
This is necessary to position the Doppler gate.
Analysis of ductus venosus flow as well as char-
acteristics of flow across the tricuspid valve have
been shown to be helpful in screening for chro-
mosomal anomalies in the first trimester of preg-
nancy, as an adjunct to measurement of the N'T.
Waveform analysis of the ductus venosus reduces
the false-positive rate of the screening test [96,97].
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For example, in fetuses from 11-13 6/7 weeks
with increased N'T but with normal karyotype,
absent or reversed A-wave (atrial contraction) in
the ductus venosus is associated with a three-
fold increase in the likelihood of a major cardiac
defect, whereas normal ductal flow is associated
with a 50% reduction in the risk for such defects
(798.99]. It is interesting to note that abnormal
findings in the ductus venosus associated with an
increased risk of chromosomal anomalies (reverse
diastolic velocity) are similar to those described
many years ago for fetuses at risk of hypoxia, in
cases of intrauterine growth restriction [100].

B Acoustic output

Based on various sources, it appears that acous-
tic output (as expressed by various intensities)
can be much higher in Doppler mode: for
instance, 34 mW/cm? for the I, , in B-mode
versus 1180 mW/cm? for spectral Doppler [101].
If one compares outputs (as expressed by T1
and MI, a clinically easy-to-use but somewhat
remote expression of output) between first and
second—third trimesters, differences are not
major [s3], but higher TI values are obtained
when switching to Doppler mode [ss]. The
increase in TT is generally small but with some
new machines, TI’s of up to 5 and 6 are dis-
played in the Doppler mode (Ficure 2). Concerns
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about the fact that outputs are much higher in
Doppler applications were expressed in three
editorials [102-104]. The question was raised
whether research involving Doppler in the first
trimester should even be considered for publica-
tion [103]. Despite this, as detailed eatlier, there
has been a major recrudescence in the usage of
Doppler in the first trimester in recent years.
Unfortunately, one of the reasons for this is the
complete ignorance of most end-users of poten-
tial bioeffects, based on the ‘nothing has been
shown’ principle. Therefore, the risk is that this
will become a routine standard, secondary to
the push by certain individuals who are experts
in these examinations, and that inexperienced
end-users, wishing to imitate and adulate these
experts, will attempt to perform these exami-
nations for extremely extended period of time
at pregnancy stages that are very susceptible to
external insults [BREZINKA C, PERS. COMM.]. Indeed,
a major issue is the lack of knowledge of ultra-
sound clinical users on output, bioeffects and
safety, both in the USA [s1] and abroad [52). It is
important to note that the above is not a con-
demnation of the use of Doppler technology
when indicated. Furthermore, excellent diag-
nostic accuracy can be obtained when using
Doppler with very low outputs (as expressed
by TD’s well below 1), which should be used as
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Figure 2. Very high thermal index (5.7 in the above image) can be obtained with spectral

Doppler.
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the default and increased only if necessary, as
opposed to blindly using the technology with-
out taking minimal precautions. It should be
noted that many countries in the world have
no regulations on training of individuals per-
forming diagnostic ultrasound examinations,
nor standards or guidelines for the examinations
or quality control for the instrumentation used.

B Safety statements

Some scientists have clearly stated that Doppler
should be avoided in the first trimester. Several
ultrasound organizations (American Institute of
Ultrasound in Medicine [ATUM], International
Society of Ultrasound in Obstetrics and
Gynecology [ISUOG] and World Federation
of Ultrasound in Medicine and Biology
[WFUMBI) are studying the issue with the
intent of publishing statements and/or guide-
lines specific for first trimester ultrasound, with
a particular emphasis on the use of Doppler in
early pregnancy.

B How to limit fetal exposure?

The answer is very simple: perform ultrasound
only with a clear indication, keep exposure to a
minimum power and time, compatible with an
adequate diagnosis (application of the ALARA
principle), watch the TT and, to a lesser degree,
the MI onscreen and do not perform examina-
tions with new techniques ‘simply because you
can’, if they have not been scientifically shown to

afford diagnostic advantages. In general, begin
your examination with a low power output and
increase only if necessary [202].

Conclusion

Ultrasound may, arguably, be the most impor-
tant technology in the last 50 years in obstetrical
clinical practice. Its advantages are numerous
and its use has expanded from simply measuring
a biparietal diameter to 3D study of the brain
or heart anatomy or ‘real-time 3D’ (also known
as 4D) evaluation of fetal behavior. Not only
is structural analysis possible, but functional
assessment of cardiac function is achievable with
the use of Doppler applications. The fact this can
be done is not a blanket permission to perform
it with no control or limits, particularly in early
pregnancy —a time when the fetus is very suscep-
tible to external insults. Indications to perform
an examination should be clear and the lowest
possible acoustic output power should be used,
for the shortest possible time.

Future perspective

Prenatal diagnosis may progress over the next
few years to the point of routine fetal DNA
analysis in the blood of the future mother. In
the meantime, prenatal diagnosis will continue
to be based both on maternal biochemistry and
diagnostic ultrasound in early pregnancy. Given
the noninvasiveness of ultrasound and the imme-
diate availability of results, it is safe to assume

Executive summary

Imaging of the early fetus: is it safe?
= Ultrasound is the ideal imaging modality in pregnancy.

= Although effects have been demonstrated in animals, it is considered safe in human.

= Epidemiology data are from before 1992, when higher acoustic outputs were made available for fetal use.

= The early fetal period is a time of increased susceptibility to external factors.

= Most at risk is the CNS. In experimental animals, the most common defects are of the neural tube, microphthalmia, cataract
and microencephaly.

= Hyperthermia is considered teratogenic.

Bioeffects of ultrasound

= Two major components: thermal and nonthermal (also known as mechanical).

= Thermal effects are indirect, resulting from conversion of acoustic energy into heat.

= Mechanical effects are direct, caused by bubble cavitation and other mechanical phenomena.

= The Output Display Standard is designed to give the end-user an idea of exposure.

= The Output Display Standard includes the thermal and mechanical indices for the major mechanisms of potential bioeffects.

Ultrasound in early pregnancy

= Several clear and valid indications for use exist.

= New indications include screening for genetic disorders, ductus venosus and tricuspid Doppler and cardiac function analysis.

= These have the potential for bioeffects, secondary to early gestation and/or increased acoustic power.

How to limit exposure

= Use ultrasound only when indicated.

= Keep examination as short as possible, at the lowest possible output for diagnostic accuracy (as low as reasonably achievable
[ALARA] principle).

= Keep thermal and mechanical indices below 1 (although specific value is arguable).

92 Imaging Med. (2009) 1(1)
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this modality will continue to be the primary
form of imaging throughout pregnancy. Besides
improvements in image quality, it is expected that
miniaturization of instruments and cost reduc-
tion will permit introduction to a larger number
of practitioners in various countries, thus expos-
ing an ever-increasing number of fetuses to this
modality. Therefore, education of the end-users
on safety and bioeffects needs to continue to be

Ultrasound imaging of the early fetus: is it safe?
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