Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

REVIEW ARTICLE

Prenatal Heating Effects of Ultrasound: A Review

Nadzirah Mohamad Radzi, Farah Wahida Ahmad Zaiki

Department of Diagnostic Imaging and Radiotherapy, Kulliyyah of Allied Health Sciences, International Islamic University
Malaysia, 25200 Kuantan, Pahang, Malaysia

ABSTRACT

The application of ultrasound technology has been widely accepted in clinical settings, particularly in Obstetrics
and Gynaecology. This is in light of its ability to detect early foetal malformations apart from enabling foetal mon-
itoring throughout gestation. While ultrasonography is an imaging method that is regularly used in Obstetrics, it is
questionable as to whether it is safe for foetuses. The purpose of this paper was to review the evidence regarding the
thermal effects of ultrasound exposure on foetal development, particularly. It is hoped that the importance of prudent
usage of prenatal ultrasonography will be impressed on clinicians and the public in order to avoid the unnecessary
usage of ultrasonography when it is not medically indicated. This is so that the welfare of pregnant women will be
looked after, besides contributing to the better health of the next generation by ensuring that the benefits outweigh

the known risks or potential harms.
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INTRODUCTION

The principle behind ultrasound technology is the
propagation of sound waves from a transducer to the
tissues. During their passage through tissues, energy is
reflected, refracted, transmitted, and finally received
by the transducer as an echo, which results in an
ultrasound image that is ready to be interpreted (1-3).
Ultrasonography has become one of key investigations
for diagnostic purposes in the medical field since
its invention in the late 1950s (2). Following the
development of the ultrasound machine, ultrasound has
become one of commonly-used diagnostic procedures
in clinical settings, particularly in Obstetrics and
Gynaecology (4). This is due to the fact that it is not only
free from radiation; it also provides real-time imaging for
lower cost as compared to other imaging modalities (5).

In prenatal studies, early detection of pregnancy is very
crucial in order to exclude any foetal malformations
or uterine abnormalities (6). Studies have found that
ultrasonography is useful in the assessment of gestational
ages and diagnosis of many foetal malformations,
especially during the early stages of pregnancy (3,4).
Apart from Obstetrics, ultrasonography is also widely

utilised in various specialties such as vascular studies,
Cardiology, Ophthalmology, Gastroenterology, etc. due
to its advantage of being an imaging modality that is free
from ionising radiation (4).

Despite extensive use in clinical settings, ultrasound
produces biological effects which can cause changes to
the exposed tissues (4, 7-9). Nevertheless, ultrasound
does not bring significant harm to humans since
ultrasonography is always aligned with safety measures,
especially in the clinical domain. The idea is to have
a practice that gives benefits, which outweigh the
risks. An understanding of the biological effects of
ultrasonography by both practitioners and the public
is important so that it can be utilised without adding
potential harms.

Evidence of biological consequences from thermal
effects

As an ultrasound beam propagates through different
tissues of the body, energy is absorbed and reflected
(2,3). A sonographic image is formed as echoes when
energy is reflected back to the receiver or also known
as transducer. Different tissue compositions absorb
different amounts of ultrasound energy, depending on
the frequency of the ultrasound beam. The absorption
rate rises with an increase in the ultrasound frequency
(2). The interaction between the body tissues and the
ultrasound beam leads to important mechanisms, which
are thermal and non-thermal effects. Both mechanisms
are interrelated since cavitations for non-thermal effects
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can cause tissue heating, which in turn facilitates non-
thermal effects by reducing the threshold for cavitations

(2).

Thermal effects that arise from exposure to ultrasound
can cause damage to biological tissues (7). These changes
can be permanent if the level of exposure is high (7).
In fact, any increase in temperature can cause thermal
changes to the physiology of tissues (9). Consequently,
tissue injuries such as premature cell death, destroyed
molecular bonds, altered gene expressions, as well as
abnormal cell development and maintenance can take
place as a result of heat production (10).

Consistent with this idea, previous researches have
revealed that there is an association between the
destructive mechanisms of biological cells and the
responses of tissues towards heat exposure. The viability
of colon cancer cells was found to be diminished when
exposed to ablative thermal doses (11). Thermal damage
to the biological tissues seemed to be dependent on
two factors, which are the amount of heat applied, as
well as the duration of exposure (12). A recent study
demonstrated that the functionality of breast cancer
protein BRCA2, which is essential for deoxyribonucleic
acid (DNA) repair degraded due to protein denaturation
when the cells were subjected to a high dose of heat,
which surpassed the minimal thermal dose (13). In an
analysis of time-temperature relationship for cell killing,
a 1.8-fold increase in heating time was required in order
to reduce the temperature of 1°C so that the iso-survival
levels can be achieved (14). These findings correspond
with the fact that hyperthermia is closely related to the
heating time and temperature (15).

In particular, temperature elevation is crucial for cell
developmental processeswhichincludecell proliferation,
cell migration, and cell differentiation, each of which
takes place at different stages of cell growth (16). These
indicate that actively growing cells are vulnerable to
thermal changes regardless of the state of the cells. Apart
from that, other heat-sensitive tissues that are susceptible
to an increase in core temperature include the surfaces
of bones and the adjacent soft tissues (17-19). The heat
sensitivity increases as the bone mineralisation increases
(2). Osteocytes have demonstrated rapid hyperthermic
cell injury as compared to other cells owing to its low
thermal tolerance (20). This thermal effect is strongly
associated with the difference in the composition of
bone cells (21).

Effects of ultrasound-induced temperature elevation on
foetal growth

Ultrasound-induced rise in temperature occurs when
there are alterations in the physical characteristics
of the beam during its transmission through body
tissues where heat generated from energy absorption
is greater than heat released (22). The characteristics

comprise the frequency of ultrasound, focusing beam
(which determines the beam width), as well as duration
of exposure. Other properties that can influence
heat production are acoustic impedance and tissue
absorption. Acoustic impedance, or Z, is given by
Z = pc, where p is the tissue density and c the speed
of sound (23). These ultrasound parameters and body
tissue properties play very important roles in the heat
production from ultrasonic energy.

Mammals embryos and foetuses are regarded as
vulnerable living creatures, especially when they are
exposed to agents that can disrupt their developmental
processes (24). One of the factors that contribute to their
susceptibility is the inability to maintain their core body
temperature (16). Most of the time, they depend on
the mother’s thermoregulatory mechanisms until birth
(25). As a matter of fact, the first trimester of pregnancy
is the stage that is most vulnerable to heat exposure
(26). Thus, any imbalance in foetal homeostasis can
potentially affect the foetus, which in turn might result
in developmental malformations.

Recently, in vivo study has shown that there is
considerable decrease in level of rabbit foetal parathyroid
hormone at all gestational ages, which indicates
hormonal dysfunction due to ultrasound heating (27).
In another recent study conducted to investigate the
thermal effects on haematological analysis of young
rabbit, it has been demonstrated that exposure to prenatal
ultrasound results in significant variation on full blood
counts constituents (i.e. haemoglobin concentrations,
red blood cell, and platelet counts) of newborn rabbit
(28,29).

Numerous studies have attempted to highlight the
association between exposure to ultrasound and its
biological effects to foetuses. As mentioned earlier, any
increase in body temperature can result in irreversible
effects to biological tissues. As with the rise in
temperature following ultrasound absorption by means
of interaction with biological tissues, foetal tissues
are no exception (30-32). Apparently, tissue heating
during exposure to high-intensity ultrasound has altered
the biological development of foetuses, subsequently
resulting in foetal growth retardation.

The heads and necks of animal foetuses seemed to
develop malformations when they were exposed to
ultrasound-induced high temperatures for short periods,
as well as relatively low temperatures for long periods
(33). Following direct exposure to ultrasound, significant
temperature elevations were noticed at the animals’
blood-brain interfaces which experienced heating
through ultrasound absorption and thermal conduction
(34). There is possibility of neuronal interruption during
prenatal ultrasound exposure since the morphometric
brain measurement showed remarkable reduction in
volume and surface of brain in rabbit foetus (35).
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It was reported that rabbit foetus showed the greatest
decrease in foetal weight when exposed to the longest
duration of ultrasound exposure (36,37), indicating that
disturbances in the biological tissues of foetuses are
highly associated with the ultrasound exposure time.
Tissue damage aggravates as the duration of exposure
increases (38). Meanwhile, another study demonstrated
that there was a reduction in body weight of macaque
(monkey) offsprings after repeated exposures throughout
gestation period (39). The disruptions might in turn act
as harmful agents that promote intra-uterine growth
restriction (IUGR) in developing foetuses.

There was a 1.3-fold increase in the incidence of IUGR
in a group of foetuses that were exposed to higher
intensities of ultrasound, as compared to another group
which received single-exposure ultrasound throughout
gestation (40). As there was a declining trend for the
skeletal component than that of soft tissue component,
the restriction of foetal growth was more likely to be
the effect of reduction in bone growth rather than other
factors such as nutritional deficiency (i.e. placental
insufficiency) (41). Foetal femur showed a significant
increase in temperature as compared to soft tissue when
exposed to ultrasound (42).

The increasing concerns regarding teratogenicity effects
of heat on foetal cells and tissues have generated a
large volume of published studies, which describes
how the early embryonic development could possibly
be affected by heat exposure. An experimental study
emphasising on the effect of heat exposure to the
gene expression and cleavage timing in the early
embryonic development suggests that reduced oocyte
developmental competency was the consequences of
the alteration in the GDF9 mRNA expression pattern,
which in turn gave rise to delayed embryo cleavage
(43). The study indicated that GDF9 protein plays an
important role as a potential quality biomarker (44) in
the development of ovarian follicular to instantaneously
stimulate cell proliferation and prevent premature cell
differentiation during the early stage of follicle growth
(45). Furthermore, it has been found that early event
of embryo cleavage is highly significant as a biological
indicator of embryo quality which improves the embryo
potential, resulting in higher pregnancy rates (46,47).

Normal development of an embryo is highly dependent
on the very early stage of pregnancy; regardless of the
technique implemented for fertilisation of an ovum
(48). It has conclusively been shown that there is a
positive relationship between the quality of sperm and
the rate of fertilisation (49). A published article showed
that poor sperm quality has significantly lower results
in fertilisation rate, which suggests that the sperm
parameters in many cases may act as one of the important
factors in embryonic development (50). Such finding in
sperm reproductive potential is likely to be related to
the integrity of the sperm itself. Factors hypothesised to

influence the early embryogenesis have been explored
in several studies, in which sperm DNA damage is also
associated (51-55).

Many scholars hold the view that genetic damage of
sperm can be associated with the increase in the core
temperature (56,57). In a study which attempts to
examine the efficiency of DNA fragmentation assay as
a method to analyse the genetic integrity of the sperm,
it has been reported that the exposure to heat is one of
the agents that accelerates the kinetics of sperm DNA
fragmentation (SDF), which may be responsible for
genetic sperm damage (58). The incidence of SDF has
been addressed in several studies and has been found
to be the influencing factor that affects the dynamics of
embryonic development (59,60). A study carried out on
an animal model confirmed that normal array of active
DNA demethylation is disrupted when the oocytes
are fertilised with heat-stressed spermatozoa, thereby
adversely affecting the subsequent embryo quality and
development (61). These occurrences of heat stress-
induced sperm defects were likely due to the decreased
capability of sperm penetration, resulting in lower
fertilisation rates (62,63).

Other effects of ultrasound exposure

Other than effects to the foetus, there are also several
other known biological consequences of ultrasound
exposure, including cellular, genetic, neural, ocular, and
pulmonary effects. In a study on the effects of ultrasound
at the cellular stage, adenocarcinoma cells were found
to undergo apoptosis following exposure (64). Cancer
cells also showed reduced proliferation rates before
they were completely destroyed (65). Despite this,
high-intensity focused ultrasound (HIFU) application
on patient with hepatocellular cancer for therapeutic
purpose give rise to local damage as well as systemic
complications (66). The impact of ultrasound exposure
has been recognised not only in vivo, i.e. at the cellular
level, but also in vitro (i.e. connective tissue cells and
the tissue regeneration process respectively) (67).

Genetically, an investigation on ultrasound-induced
gene transfection showed that cells were successfully
transfected using ultrasound of lower frequencies and
longer pulse length (68). In the absence of cavitation
bubbles which were otherwise created by ultrasound
contrast agents, there was no extra advantage on the
transfection ratio and survival fraction (69). Besides,
cultured Chinese hamster ovary cells showed single-
stranded DNA breaks when they were directly exposed
to ultrasound (70). The event of DNA strand break is
highly due to the cavitation produced by the ultrasound
(71), which leads to stresses that contribute to damage
mechanism (72).

Neurons are classified as vulnerable cells due to their
sensitivity to the adverse effects of ultrasound exposure
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(73). In order to block impulse conduction during
pain control and anaesthesia, focused ultrasound can
be applied since its thermal effects can decrease the
amplitude of nerve action potentials (74). Apart from that,
a study has found that low-intensity ultrasound exposure
is useful in neural stem/progenitor cell induction, as well
as neural cell therapy (75). On the other hand, HIFU
has been found to be effective in soothing pain as it is
able to block the nerve conduction in diabetes-induced
Sprague-Dawley rat nerves safely (76).

Ultrasonography is also commonly used in
Ophthalmology in light of its therapeutic value in the
clinical field. Without damaging the apparent tissues,
ultrasound can help enhance intracameral fibrinolysis,
which is a significant process in controlling blood
coagulation (77). Apart from that, the delivery of ocular
therapeutic drugs was also found to be accelerated
when the cornea, lens, and an area of posterior eye
were exposed to ultrasound (78). However, in one
case report which used intense focused ultrasound for
skin tightening described that the technique seemed to
cause epithelial disorganisation and structural changes
in corneal stroma (79). Another study also reported that
focused ultrasound exposure in vivo could potentially
cause posterior coats displacement of the rabbit eye (80).

Apparently, lung haemorrhage secondary to ultrasound
exposure has been widely studied in relation to the
pulmonary effects of ultrasound (81-84). A comparative
study, which investigated the potential biological effects
of ultrasound to the lung reported that susceptibility
to the lung damage was species-dependent. Among
mice, rabbits, and pigs, mice were the most sensitive to
ultrasound-induced damage while pigs were the least
sensitive (85). A broader perspective of the study was
carried out to investigate whether ultrasound-induced
lung damage was age-dependent. The results of the study
demonstrated that adult mice had the most significant
suprathreshold haemorrhage as compared to neonatal
and juvenile mice (86).

CONCLUSION

The previous studies have provided important insights
into the potential adverse effects of ultrasound when
applied to either humans or animals at different stages of
cell development. However, too little attention has been
paid to the human studies with regards to the prenatal
heating effects of ultrasound. This could has been due to
the fact that there is a detrimental risk when ultrasound
is applied to pregnant mothers without considering their
safety. Thus, the awareness of the possible biological
effects of ultrasound, along with the factors pertaining to
the consequences, is hoped to facilitate safe practices in
the clinical field since ultrasonography is widely used in
human pregnancies.
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