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REASSESSMENT OF
TERATOGENIC RISK FROM
ANTENATAL ULTRASOUND

Abstract

Science has shown that risk of cavitation and hyperthermia following prenatal ultrasound exposure is relatively
negligible provided intensity, frequency, duration of exposure, and total numbers of exposures are safely limited.
However, noncavitational mechanisms have been poorly studied and occur within what are currently considered
“safe” levels of exposure. To date, the teratogenic capacity of noncavitational effectors are largely unknown, al-
though studies have shown that different forms of ultrasound-induced hydraulic forces and pressures can alter
membrane fluidity, proliferation, and expression of inflammatory and repair markers. Loose regulations, poor end
user training, and unreliable ultrasound equipment may also increase the likelihood of cavitation and hyperther-
mia during prenatal exposure with prolonged durations and increased intensities. The literature suggests a need
for tighter regulations on the use of ultrasound and further studies into its teratogenicity.
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Introduction

“There are undoubtedly several mechanisms
by which ultrasonic radiation may affect animal
tissue. Moreover, experience in X-radiology has
shown that it is unwise to assume that absence
of immediate effects always implies that no
damage has occurred”[1].

Science lies in a state of continual fluctuation
and progression. As technologies and paradigms
are amended, accepted theories are reviewed
and tested against new understanding. Often
these well-accepted theories stand the test
of time; but sometimes they do not. In the
case of antenatal ultrasound the progression
of scientific theory and the application of this
tool in other arenas has given us a greater
understanding of how ultrasound behaves at
the cellular level, an intimate understanding that
was not available several decades ago. Concern
based on this fresh understanding dictates
that we take a second look at the safety of this
otherwise extraordinarily useful tool.

The study of ultrasound is not new to science
although the number of its current uses is
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bourgeoning. (For a listing of some of its uses
in medicine, manufacturing, and research, see
Table 1.) As early as 1826, the Swiss physicist,
Jean-Daniel Colladon, partnered with the
engineer, Charles-Francois Sturm, to measure
the speed of sonic waveforms underwater
against the speed of light estimating the
former at 1435 meters per second. Later,
ultrasound was studied and utilized for
submarine navigation as early as World War
| and by the 1930s it saw uses in radar and
metal flaw detection of military crafts. Within
the medical field high-intensity ultrasound was
exapted as a neurosurgical tool for creating
lesions within brain tissue, similar to the use
of laser. By the 1940s, however, enthusiasm
for this new tool rapidly outweighed caution
leading to numerous unwarranted therapies
for conditions such as arthritis, gastric ulcers,
eczema, asthma, elephantiasis, hemorrhoids,
and angina pectoris (see [2] for review).
Nevertheless, a growing skepticism closely
shadowed its rise in popularity and the
realization that sound force could produce
tissue damage lead to both a reduction in
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its widespread use and further research into
its safety. This initial caution was especially
apparent in obstetrics: various cell culture,
animal, and human studies were performed
to determine whether prenatal exposure to
ultrasonic radiation could adversely affect
early development. While numerous studies
were performed, overall the results appeared
to support the supposition that at lower
intensities, shorter durations, and limited
number of exposures ultrasound was not a
considerable danger (for review, see [3]).
Scientists began recognizing the potency
of ultrasonic cavitation and cavitationally-
induced hyperthermia as early as the 1950s;
however, knowledge then is not what it is
today [4,5]. While there is still much we don't
know about the interaction of ultrasonic waves
with biologic tissue at varying intensities and
frequencies, we do know that noncavitational
and potentially deleterious mechanisms are
active below safety cutoffs [6]. Whether they
are actively teratogenic remains unaddressed.
since the

Unfortunately, each decade

application of ultrasound in obstetric medicine
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its popularity has continued to skyrocket,
increasing the risk of adverse side effects. In
modern obstetrics, it is standard practice to
utilize ultrasound to diagnose and date the
pregnancy as well as to continue to monitor
the growth of the fetus, even though studies
have suggested that risks may outweigh the
benefits in such circumstances [7,8]. Even
women experiencing non-at-risk pregnancies
generally receive multiple unwarranted
ultrasounds during a given pregnancy [9]. And
yet thorough safety studies have not been
performed despite the growing evidence that
ultrasound is a potentially dangerous tool that
requires the utmost delicacy and caution in its
application. Respected researchers in the past
have questioned ultrasound safety, despite
that the typical range of prenatal exposure
does not seem to cause obvious malformations.
As Holland and Apfel report [10], Frizzell
[11], Kremkau [12], the National Council on
Radiation Protection and Measurement [13],
and the National Institutes of Health Consensus
Committee [14] all reviewed safety studies on
ultrasound and each respectively concluded
that “diagnostic ultrasound may not be totally
innocuous and recommend[ed] that more
research be aimed specifically at test systems
that would provide a better database for
developing reasonable estimates of bioeffects
and of risk” (p. 2059 from [14]). Ziskin and Petitti
[15] also point out most poignantly that:

“[...] the inability to finding convincing proof
of an effect, either from epidemiology or from
physicians’ experience, does not preclude the
possibility of [adverse effects from ultrasound]
happening. Statistical reasoning shows that
even with large population studies, it is
difficult to identify a small increase in the rate
of a commonly occurring event. Subtle effects,
long-term delayed effects, and certain genetic
effects, could easily escape detection” (p. 91).

Just as Ziskin and Petitti have suggested,
such assumptions are still present today which
continue to falsely impress upon the science
that safety studies have been adequate and
thorough (for example, see [16]). Research into
transient cavitational and thermal effectors
have been considerable,and provided A.L.AR.A.
(As Low As Reasonably Achievable) guidelines
are followed, risk from these effectors during
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Table 1. Uses of ultrasound in medicine, manufacturing, and research.

1. Diagnostic sonography providing structural imaging, including prenatal ultrasound.
2. The ablation of target tissue, such as during neurosurgery or tumor removal, and the breakdown of

calculi such as kidney stones or gallstones.

3. Transcranial ultrasonic stimulation, similar to transcranial magnetic stimulation (TMS).
4. Vasodilation, providing better visualization of the vasculature during cardiovascular procedures.
5. Targeted drug delivery, utilizing focused ultrasound to make the target tissue more permeable, e.g.,

the blood-brain barrier, skin, etc..

6. Wound healing, e.g., bone fractures and ulcers.

7. Bactericidal properties when synergized with antibiotics.
8. Elastography, in which ultrasound is used to determine the elasticity of a given organ which can

help discern the overall health of that organ.

9. Transmembrane delivery of products into target cells, e.g., nonviral genes or nutrients.
10. Acoustophoresis: the use of ultrasound on an ionic medium to create an electric charge.

11. The purification of agricultural products.

12. Heat transfer in liquids for production of substances such as ethanol.

13. The purification of metals.

14. Manipulation and characterization of particles in the bio- and physical sciences.
15. The testing of metals, plastics, aerospace composites, wood, concrete, cement, etc. in manufacturing
in order to measure thickness and locate flaws within the material.

should be
negligible; however, work on the bioeffects of

prenatal ultrasound relatively
noncavitational mechanisms remains sparse
and current ultrasound machines do not
calculate risk related to stable cavitation and
microstreaming. Therefore it is imperative
that our science and our medicine reflect the

growing understanding of this complexity.

Biophysical mechanisms  of
prenatal ultrasound and its
teratogenic potency

Even though ultrasonic waveforms are
capable of creating considerable damage
through mechanisms of cavitation and
extreme hyperthermia, the causal factors of
teratogenicity arising from prenatal ultrasound
are probably noncavitational in nature, except
in instances of end users’ nonadherence to
safety guidelines. Convention within the field
of physics, contrary to fields of study within
medicine, utilizes the terms cavitational and
noncavitational to describe the effects of
ultrasound on a given medium. When force
is applied to a fluid medium in the form of
compression/expansion waveforms, gaseous
bubbles arise at a given atmosphere of negative
pressure during the expansion half-cycle. For
pure water, bubble formation requires more
than 1,000 atmospheres of pressure in order
to occur, a level of pressure unheard of even

in today’s most intense ultrasounds. However,

when a liquid medium contains solids, such
as cellular material, gases become trapped in
crevices within these solids. The presence of
already-formed gaseous cavities thereby lowers
the threshold for cavitation because bubble
formation is already present. The gaseous
cavities during the expansion half-cycle
expand with the liquid medium while in the
compression half-cycle likewise compress. At
lower pressures, these cavities either reabsorb
into the medium or remain relatively stable
and oscillate with the sonic waveforms; this is
referred to as stable cavitation. However, during
transient cavitation such as occurs with higher
intensity ultrasounds or lower frequencies,
the cavities rapidly increase in size until at
which point pressure becomes too great in the
surrounding medium and the bubble collapses
[17].Theimplosion creates water jets of extreme
pressure that can damage cellular membranes
and disturb intracellular contents [18,19]. The
implosion also produces an extraordinary rise
in temperature of approximately 5,500 °C due
to the intense compression of gases by the
liquid (for a summary of information, see [19]).
For some perspective, the heat generated from
cavitationis only slightly less than the estimated
temperature of the surface of the sun. While it
is amazing that such extreme temperature
exposure doesn't destroy a tissue outright
(which is mainly due to the rapid cooling rates
in the surrounding medium estimated at over
10° °C:s7'), a build-up of temperature from




multiple gaseous implosions in a local area
can subsequently trigger the denaturation of
proteins, changes in lipid membrane fluidity,
alterations in intracellular signaling, and even
cell death [19-22]. The compression of gases
by liquid following cavity implosion also leads
to the production of free radicals, which can
wreak havoc on tissues [23]. The phospholipid
membranes are particularly vulnerable due
to their chemical composition such that they
are easily scavenged by free radicals, but
carbohydrates, proteins, RNA, and DNA may
also be targets of oxidation [24-26]. Previous
work has in fact suggested that ultrasound has
mutagenic capacity and this mutagenesis may
largely be due to the reactive oxygen species
(e.g.,
cavitation [27,28].

Higher intensities and lower frequencies,

hydroxyl radicals) produced during

however, are not the only factors for concern:
long exposure even in what appears to be
“safe” ranges of intensity and frequency can
trigger the slow growth of cavities because
the bubble with each acoustic cycle generally
shrinks less than it grows. This can ultimately
lead to cavitation and for this reason it is
imperative that duration of exposure for
all forms of diagnostic and therapeutic
ultrasound, but especially for prenatal
ultrasound, is minimized to that which is
absolutely necessary. In addition, even though
extreme hyperthermia is mainly produced by
cavitation, the force of sound as an energy
source can nevertheless transfer that energy
to the medium in the form of heat. Therefore,
shorter durations should also minimize risks
due to the noncavitational transfer of heat
energy to exposed tissues.

Cavitation seems to occur at particular
thresholds of intensity, frequency, and duration,
and provided that the prenatal ultrasound
scan remains within accepted guidelines risk
for cavitation and extreme hyperthermia are
relatively low. (Risks due to poor regulations
over the use of medical ultrasound will be
discussed later) However, stable gaseous
cavities do still form and oscillate within
biologic tissues during normal exposure;
microstreaming is a potential problem at
almost any range of intensity, frequency, and

duration; and the transfer of low-grade heat
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energy to the local tissue may also disrupt the
cell's biochemistry [29].

Noncavitational mechanisms include
radiation pressure, force, torque, shear stress,
and microstreaming. Each of these places
various pressures and forces on the cell directly,
parallel, and tangentially. Stable cavities remain
intact for numerous acoustic cycles and can
create transient pores in the cell membrane as
well as disrupt the organization of organelles
and other intracellular materials through
acoustic streaming [1,30]. These forces together
increase membrane porosity by “poking
holes” into the phospholipid bilayer which
subsequently triggers the influx and efflux of
important cell signaling molecules [30]. This
flux in cell signaling alters activity of numerous
intracellular pathways and can ultimately
lead to changes in gene expression [31]. For
instance, due to the extreme ratio in levels of
intracellular-to-extracellular calcium this ion
rushes into the cell upon ultrasound exposure
triggering
pathways [32,33]. Calcium is also a necessary

numerous  calcium-dependent
ion for the resealing of the broken membrane
by triggering fusion of lysosomes to the outer
membrane in a LAMP-1-dependent manner
thereby repairing the pores created [34,35]. As
per example, Al-Karmi et al. [36] have shown
how ultrasound-induced calcium signaling
affects conductance of the cell, finding that
in calcium-laden medium, frog skin exhibits
a significantly larger level of conductance. In
fact due to ultrasound’s conductive capacity
it is currently being used for transcranial
stimulation in humans [37,38]. Ultimately, more
and more noncavitational bioeffects are being
reported in the literature, citing the modulation
of membrane fluidity, cell proliferation, and
presentation of inflammatory and repair
markers [6].

As mentioned, cellular disorganization is a
potential problem of microstreaming. As early
as 1967, Connolly and Pond [1] suggested
that the intracellular disorganization noted
in Selman and Counce and Selman’s [18]
Drosophila experiments could be explained
by vortices arising from ultrasound-induced
microstreaming within the cell, disrupting
various  other cellular

organelles and

components. Likewise, the oscillation of stable
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cavities in the liquid within the cell could
feasibly create a similar disruption, while
oscillation of bubbles outside the cell surface
disrupt the membrane by creating transient
pores within the phosopholipid bilayer.
Radiative forces have been shown to increase
membrane porosity and Koshiyama et al.
[30] have found that these noncavitationally-
induced pores can be as large as 1.4 nm, a
similar size as the diameter of gap junctions
that allow the direct passage of larger signaling
molecules between connected cells [39].

While safety studies have traditionally
defined “harm” based on the level of tissue
damage produced in vitro, ex vivo, and in vitro, it
is apparent today that deleterious effects need
not be relegated to necrosis but may instead be
biochemical in nature, as Connolly and Pond [1]
had so astutely noted:

“The ability of muscles to pump Na* ions
from their interiors depended on metabolic
reactions to yield the necessary energy.
Obviously some biochemical lesion had been
caused [by ultrasound exposure]. Histological
changes were not seen when the muscle
was stained and sectioned. In this case a
biochemical lesion has certainly preceded any
possible histological one” (p. 114 in [1]).

Total number of exposures is also an
important variable in terms of outcome. In a
1989 study, Tarantal and Hendrickx [8] exposed
prenatal macaques to ultrasound five times
per week on gestational days (GD) 21-35,
three times per week on GD 36-60, and once
a week on GD 61-150. Each exam lasted 10
minutes and spatial-peak temporal-average
(i.e., acoustic output) was well within current
obstetric ranges. The authors reported altered
birth weight and crown-rump length, generally
reduced levels of physical activity as compared
to control monkeys, and lower white blood cell
counts comprising reductions in segmented
neutrophils and monocytes. All effects had
normalized by age 5-6 months. It is uncertain
whether these neonatal phenotypes resulted
solely from noncavitational mechanisms or
thresholds had been
even at the low intensity of 12 mW-cm=
this
frequent ultrasounds in humans have been

cavitational reached

However, mirroring simian  study,

closely correlated with neonatal birth weight.
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Newnham et al. [7] subjected 1415 women with
single pregnancies to ultrasound examinations
at 18, 24, 28, 34, and 38 weeks of gestation,
while a control group of 1419 women received
a single ultrasound at week 18. Intrauterine
growth restriction was significantly higher
in the experimental group as measured by
birth weight, such that a significant number
of infants fell below the tenth percentile and
even the third percentile mark. Because a
considerable duration occurred between
pregnancies within the Newnham et al. study
[7]1 in which the stimulus (ultrasound) was
removed, the differences in outcome suggest
that multiple ultrasounds can have additive or
exponential effects on development.

Much research has been done attempting
to ensure that negligible damage occurs
and  cavitation-induced

from cavitation

hyperthermia during routine ultrasound
exposure. As will be subsequently reviewed,
this reliability may be vulnerable to such things
as variability in end user application (e.g., lax
adherence to recommended guidelines for
exposure) and even doubtful reliability of the
machines themselves. However, we know
relatively little about noncavitational effectors
and yet these likely pose the greatest threat in
current application. Due to radiative forces and
pressures, significant biochemical and physical
pathologies occur at lower thresholds than
are seen with cavitation-related phenomena.
As Koshiyama et al. [30] have reported, pore
formation in the phospholipid bilayer need not
be stimulated by any mechanical or electrical
force but simply requires the insertion of
enough water molecules into the inner
hydrophobic region of the bilayer to exceed
a critical value. This suggests that very subtle
effectors can have extreme chemical effects on
cell structure and signaling.

due to

Increased risk

deregulation

As a general review for the reader, the American
Institute of Ultrasound in Medicine (AIUM)
2010 guidelines [40] recommend the use of
ultrasonography during the first trimester in
normal non-risk pregnancies for the following
purposes: 1) to confirm of pregnancy; 2)

to estimate gestational age; 3) to diagnose
multiple pregnancies; and 4) to confirm cardiac
activity. For the second and third trimesters,
they likewise recommend the use of ultrasound
in normal pregnancies in order to 1) estimate
gestational age; 2) evaluate fetal growth; 3)
determine fetal presentation; 4) evaluate fetal
well-being; and 5) as a basic screening for fetal
anomalies. We will discuss further the potential
risks to some of these recommendations based
upon early and multiple exposures.

While the science’s greatest forthcoming
challenge lies in the study of noncavitional
effectors of ultrasound in vivo, the governing
bodies that oversee and regulate medical
ultrasound face considerable challenges of
their own. Prior to 1992, the levels of absolute
intensity in ultrasonography were determined
by these governing bodies; however, since 1993
it is the end user who determines the levels of
ultrasound appropriate for a given examination.
The American Institute of Ultrasound in
Medicine (AIUM) recommends intensities no
higher than 94 mW-cm~2for obstetric purposes,
although the machines are generally capable
of reaching intensities up to 720 mW-cm=
While this flexibility has distinct benefits in
medical application, it is also vulnerable to
variations in judgment by the end user. In fact,
in a 2007 study [41] Sheiner et al. have shown
that in a survey of 130 end users approximately
82% lacked adequate understanding of the
thermal index and 96% failed to demonstrate
appropriate understanding of the mechanical
index. Most alarmingly, only 20% of the end
users knew where these safety indices were
located on the machines; ironic that these
indices should be helping to inform the end
user of whether the patient is in danger of
overexposure. Placing the onus of safety on
undereducated end users is a considerable risk
to patients receiving ultrasound.

The first eight weeks of pregnancy referred
to as the embryonic period are the time of an
infant’s greatest vulnerability to teratogenic
exposures. Founder cells are actively dividing
and expanding their populations. Agents
which target these founder populations can
have some of the furthest reaching effects
such that irreparable insults can be passed
on to all subsequent progeny. It is therefore
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the AlUM
stipulates in their practice guidelines that

extraordinarily surprising that
ultrasounds utilized within the first trimester
are acceptable for diagnosing and dating
pregnancy and that “[diagnostic] ultrasound
studies of the fetus are generally considered
safe . . ” (p. 8 in [40]). The American College
of Obstetricians and Gynecologists (ACOG)
and the American College of Radiologists
(ACR) likewise advocate the use of ultrasound
for dating and fetal monitoring (for review
see [42]).
organizations outside the United States such

Guidelines however by other
as the Alberta Medical Association of Canada
explicitly state that routine ultrasounds should
not be performed solely for these purposes.
Ironically even ACOG concludes that there is
insufficient evidence that ultrasound reduces
infant morbidity, raising the question why
these examinations are being performed in
the first place (Alberta CPG Working Group
for Prenatal Ultrasound [43]; for review see
[42]). The AIUM goes on to state that the
“diagnostic procedure should be performed
only when there is a valid medical indication”;
however, it indicates that diagnosis and dating
of pregnancy are acceptable indications. The
AlUM recommends the use of the ALLARA.
principle, which stipulates that intensity and
duration of exposure be “As Low As Reasonably
Achievable”, i.e., the end user should utilize
the lowest intensity and length of exposure
necessary in order to acquire the desired
image. However, length of exposures varies
considerably by end user judgment and as
we've discussed earlier the longer the exposure
time the more likely the threshold for cavitation
will be reached. Therefore unwarranted
exposures, especially those occurring in the first
trimester, and multiple exposures partnered
with poor regulations and end user training
pose considerable risks to patient safety.
Probably the greatest concern in ultrasound
safety has recently been unearthed in a
series of studies by Martensson et al. [44,45].
group  studied
transducer error rates across equipment from

Martensson’s ultrasound
seven different major manufacturers, totaling
676 transducers. On average, 40% of those
transducers were defective; the company with
the lowest rate totaled 20% while the company




with the highest was an astonishing 67%. They
went on to study transducer reliability in all
ultrasound machines within a single hospital
setting, finding that 81 of the 299 actively
used transducers were faulty. Fault with the
transducer can degrade image quality, which
may subsequently prompt the end user to
increase intensity in order to capture a useful
image. As A.L.A.R.A. instructs, end users should
use the lowest intensity and shortest duration
possible in order to acquire the necessary
image. In the case of faulty transducers that
intensity could be higher on average and
therefore this is an area of study that requires
much more attention both by scientists and
regulatory bodies.

Ultrasound as compared to other imaging
techniques is exceptionally cost effective for
practitioners and hence there is a preference
for its use within medicine. In fact, ultrasound
is so cost effective that numerous private
companies have begun offering additional
ultrasound services to expectant parents,
referred to as “keepsake images” Parents
can have additional images or even full-
length videos taken of their unborn children,
promoted as a way to “start the family photo
album early” Private companies have also
begun offering “ultrasound parties” in which an
entire family can gather around at home while
a 3D or 4D ultrasound is performed. In 2004 the
FDA issued a statement warning against the
unmedicalized use of ultrasound which such
companies have subsequently ignored [46].
In addition, fetal heart rate monitors which
utilize a form of doppler ultrasound to provide
an audio of the fetal heart have been available
on websites such as Amazon and eBay for
some time. Not uncommon in reviews of these
products, parents describe the frequency with
which they use the monitors in order to listen
to their babies’ heartbeats:

“Goodness | love my fetal Doppler. [.] |
have not had a day where | could not hear the
heartbeat from week 8 of pregnancy when |
got it! The heart rate isn't exact but | can hear
my little one at any time of the day and as clear
now (16 weeks) as when | got it! [...] My doctor
thinks | got an amazing deal! (reviewed in [47]).

It is alarming to consider that some mothers
are daily subjecting their unborn children to
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unregulated use of ultrasound. In such an
instance there is no oversight as per length of
exposure of a given focal area nor of overall total
exposure. Under these circumstances, the risk of
cavitational damage may grow exponentially.
Thankfully, some governmental bodies are
beginning to regulate unmedicalized use of
ultrasound, such as the Connecticut House Bill
5635, An Act Concerning Ultrasound Procedures
for Medical and Diagnostic Purposes, passed by
Governor Rell in 2009.

And finally, doctors seem particularly eager
to prescribe the use of early and multiple
ultrasounds partly due to fear of legal reprisal
should a developmental abnormality be
missed:

“Of particular concern to all parents is the
risk of an abnormality in their baby. Consumer
demand for reassurance in this regard is
becoming overwhelming and the birth of
an undetected abnormal child may often be
followed by attempts at litigation. Failure to
perform an ultrasound, cardiotocograph or
other medical tests at an appropriate time
are commonly cited in writs against doctors,
midwives and hospitals” (Senate Community
Affairs References Committee, 1999).

While at first glance some individuals may
be tempted to place blame on physicians for
succumbing to patient and legal intimidation
or on the fervent insistence of parents to have
ultrasounds, the situation is far more complex
than this. First and foremost the thorough
science behind our understanding of potential
risk is lacking. And it is that science which
would ultimately inform both regulatory bodies
and practitioners as to how this tool need be
safely applied. Renewed caution is therefore
necessary from those who regulate and apply
ultrasound while safety research takes the time

to catch up.

Discussion

Ultrasonic  forces affect tissues through
cavitational and noncavitational effectors

which differ according to combinations of
intensity, frequency, and length of exposure.
Threshold of cavitation also varies by tissue
type such that bone requires a much lower
threshold than soft tissue [48]. And it is also

@ Springer

currently unknown whether multiple prenatal
ultrasonic exposures could have additive or
exponential results on phenotype, as illustrated
by the earlier studies of Newnham et al. [7]
and Hendrickx [8].
understanding the potential for ultrasonic

and Tarantal In short,
teratogenicity is an extraoardinarily complex
scientific undertaking, one which is still
ongoing today.

As is hopefully apparent, further research
is needed to clarify how noncavitational
mechanisms may affect prenatal development
within normal clinical range. It is also important
to gauge whether cavitation and hyperthermia
are occurring in everyday obstetric practice
due to end user variability and transducer
malfunction. Lastly, because the use of
ultrasound in medicine has now advanced
beyond the science itself, it is also prudent to
draw the reins and once more apply greater
caution to our use of this tool within obstetrics
such as unwarranted, early, and multiple
ultrasounds. In 1967, Connolly and Pond [1],
on reviewing early ultrasound studies on
Drosophila and avian embryos, noted, “a full
research programme into the precise effects
of diagnostic ultrasound is strongly indicated
especially in regard to reproductive cells” (p.
114 in [1]). Since that time scientists have
reassured physicians that there is negligible risk
of teratogenicity from cavitation and extreme
hyperthermia provided intensity, frequency,
and duration are safely maintained. However,
we currently have no means of estimating or
measuring physical and chemical damage
due to noncavitational mechanisms nor their
cumulative effects from multiple exposures.

While the science continues to progress,
we strongly recommend to physicians that
they use greater caution in the application
of obstetric ultrasound (Table 2): routine
scans are not recommended for diagnosing,
dating, or monitoring of an embryo or fetus
without indication of potential pathology.
While parents may be eager to date their
pregnancies and determine the sex of their
unborn children, counting all arms, legs,
fingers, and toes, it is important for the
physician to communicate the potential risks
to their patients so they may understand
that ultrasound is not just a picture but an
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invasive tool. We also recommend that the
governing regulatory bodies communicate
greater caution to the larger community;
that they advocate stricter use within clinical
practice; that they support the development
of better educational programs for doctors
and end users; and most importantly that they
require hospitals and clinical practices have
their ultrasound equipment frequently and
thoroughly tested for reliability. Ultrasound
is not only a clinical tool, it's a vital part of
medical business, and for parents it is a
paramount milestone in the early lives of
their children; therefore it may be difficult to
convince people that its application should
be limited without incontrovertible proof that
teratogenicity occurs within clinical ranges.
However, in the case of prenatal ultrasound,
when we are discussing the safety of an unborn
child caution should be our first and foremost
priority. In addition to (and sometimes in
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Table 2. Recommendations to obstetricians and end users in the use of prenatal ultrasound.

1. Avoid the use of unwarranted ultrasound examinations, including for the purposes of diagnosing

and dating a normal pregnancy.

2. Avoid the use of ultrasounds within the 1st trimester if possible.
3. Avoid the use of multiple unwarranted ultrasounds if possible.
4. Utilize the lowest intensity, highest gain, and lowest duration of exposure possible to get the image

necessary (A.LA.RA).

5. Make a point to keep the wand moving and do not hover over any single focal area for any consider-

able length of time.

6. Perform a maintenance on actively-used ultrasound machines multiple times throughout the year

to ensure peak performance.

7. Inform your patients of the potential risks to the baby from ultrasound exposure.

conflict with) the safety standards outlined by
the AIUM, we are recommending a reduction
in the number of medically unnecessary
ultrasounds including for the purposes of
diagnosing, dating, and monitoring ofanormal
pregnancy; a reaffirmation of the A.LAR.A
principle; improved maintenance schedules
of actively-used ultrasound machines; and
the communication and dissemination of risk-

related information to the larger community
so that people may make better informed
decisions about their personal health care.
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