
Pertanika J. Sci. & Technol. 27 (1): 357 - 370 (2019)

ISSN: 0128-7680
e-ISSN: 2231-8526

SCIENCE & TECHNOLOGY
Journal homepage: http://www.pertanika.upm.edu.my/

Article history:
Received: 20 January 2018
Accepted: 12 September 2018
Published: 24 January 2019

ARTICLE INFO

E-mail addresses:
uminadrahamran@gmail.com (Umi Nadrah Amran)
farahzaiki@iium.edu.my (Farah Wahida Ahmad Zaiki)
sulaimanmd@salam.uitm.edu.my (Sulaiman Md Dom)
* Corresponding author

© Universiti Putra Malaysia Press

Review Article

A Review of the Thermal Effects During Pregnancy by Using 
Ultrasound: Doppler Mode

Umi Nadrah Amran1, Farah Wahida Ahmad Zaiki1* and Sulaiman Md Dom2

1Department of Diagnostic Imaging and Radiotherapy, 
Kulliyyah of Allied Health Sciences (KAHS), International Islamic University Malaysia (IIUM), 
Bandar Indera Mahkota, 25200, Kuantan, Pahang, Malaysia 
2Faculty of Health Sciences, Universiti Teknologi MARA, 42300, Bandar Puncak Alam, 
Selangor, Malaysia

ABSTRACT

Doppler ultrasound is used in obstetrics and gynecology fields to serve as the complement 
mode in the standard prenatal scan. It aids in investigating fetus blood flow in expectant 
mothers’ wombs, usually those who come with pregnancy complications. In the conventional 
ultrasound beam, the heat produced by attenuation is distributed over the area. However, the 
Doppler ultrasound beam is focused at only one point. This leads the heat to accumulate at 
that particular area and hence there is an increase in the temperature. Heat is considered as 
a teratogen in pregnancy, whereby an increase in the fetal temperature can be fatal to the 
fetus. Studies have found that Doppler mode is associated with higher acoustic output as 
compared to the conventional two-dimensional (2D) ultrasound mode. Several studies done 
on animals have ruled out the evidence of Doppler ultrasound bioeffects. This narrative 
review only discusses the thermally induced effect of ultrasound by using Doppler mode. 
This study reviews prior studies with keywords such as Doppler ultrasound, bioeffects, 
heating effects, rabbit, and pregnancy. Earlier studies noted that the risk of thermal effects 
increased with the increase of exposure time. However, Doppler ultrasound wave inducing 

fetal hyperthermia is not the main reason for 
causing adverse neonatal outcomes without 
taking into account other external factors. 
Therefore, it is essential for the practitioners 
to adopt and adapt the concept of ‘as low as 
reasonably achievable’ (ALARA) to avoid 
any subtle adverse effects.
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INTRODUCTION 

Doppler ultrasound is fast becoming a key instrument in the medical field, especially for 
prenatal care around the globe and has been used ever since it was introduced. It is known 
that Doppler ultrasound was used for years in the study of fetus blood flows. It has been 
used in combination with brightness mode (B-mode) ultrasound during pregnancy check-
up, which is usually done to monitor the fetus heart rate and blood flows. Today, together 
with the advancement in technology, Doppler ultrasound is practiced in most obstetrics and 
gynecology fields, in which the data are color-coded onto the B-mode images. Despite its 
usefulness in detecting and monitoring fetus blood circulation in the womb, the usage of 
Doppler ultrasound itself has a higher thermal index as compared to B-mode ultrasound. It 
was reported that the use of Doppler imaging may increase the temperature of tissues, thus, 
when Doppler is used in combination with B-mode ultrasound, the risks of bioeffects tend to 
be higher. Therefore, the experts have come up with a question whether Doppler ultrasound 
is safe for pregnant women if used without any diagnostic purposes. The purpose of this 
paper is to write a review regarding several numbers of studies that revised and discussed 
the impact of Doppler ultrasound exposure on rabbits. It is expected that this study can give 
a clear depiction to the public about the potential risk of using Doppler ultrasound without 
any diagnostic purposes. It is also expected that this review can facilitate the establishment 
of guidelines on the using of Doppler ultrasound in the future. 

The General Theory of Ultrasound and Doppler Mode

Ultrasound is theoretically one of the imaging modalities that uses sound waves propagating 
through body tissues and produce returning echoes to synthesize gray-scale images (Shung, 
2006). Notable advantages of ultrasound are the ability to produce real-time images as well 
as no association with ionizing radiation exposure (U.S Food and Drug Administration, 
2017).

Sound waves are transmitted through a transducer surface into the body tissues where 
they are attenuated depending on its acoustic impedance, then returning echoes are produced 
which are also being detected by the transducer. The piezoelectric material is a fundamental 
component of the transducer which functions by converting electrical energy to mechanical 
(sound) energy and also to convert the mechanical energy into electrical energy. While 
resolution and attenuation are directly proportional to the wavelength and frequency of 
the ultrasound beam, the depth of the beam penetration is inversely proportional. Higher 
frequency produces better resolution but gives superficial penetration. Conversely, lower 
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frequency associates with lower resolution but gives deeper beam penetration (Bushberg, 
Seibert, Leidholdt, & Boone, 2002). 

In addition to conventional ultrasound, Doppler mode is occasionally being used 
during practices. It makes use of the Doppler effect which sometimes is also known as the 
Doppler shift. Doppler effect is defined as the alteration in frequency of sound wave due 
to a reflector moving towards or away from an object (Goel, 2015). Doppler ultrasound is 
used to facilitate monitoring and diagnosing in obstetric fields by taking into account its 
capability to assess blood movement in both fetal and placental circulation depending on 
Doppler effect (Mone, McAuliffe, & Ong, 2015). 

As a matter of fact, the sound wave that propagates into the body will undergo the 
process of being scattered, reflected and absorbed into the body as heat (Zaiki & Dom, 
2014). Besides its main advantage to provide real time images using non-ionizing radiation, 
the thermal effect from frequent and higher exposure of Doppler ultrasound may develop 
some potential risks to be concerned about. 

The Thermal Effect of Ultrasound

Ultrasound is replacing the conventional radiography and serves as an essential service 
offered by most health institutions. While ultrasound provides diagnostic images without 
ionizing radiation (Ball & Price, 1995), the possibility of adverse effects by using ultrasound 
cannot be foreseen (Kremkau, 1994). Recently, the matter has been addressed by researchers 
in many fields.

The mechanism of ultrasound conversion into heat cannot be denied and today has 
become a part of a primary concern. Theoretically, as the ultrasound waves propagate 
through tissues, they attenuate and cause the temperature to rise (Kremkau, 1994) as well 
as cavitation to happen (Abramowicz, 2017). Both effects are termed as bioeffects of 
ultrasound, where they have been debated by researchers over the years. The American 
Institute of Ultrasound in Medicine (AIUM) has summarized the above matter in the 
consensus report on potential bioeffects of diagnostic ultrasound in 2008 (Fowlkes, 2008). 
The thermal effect occurs when the heat produced by intense ultrasound exposure gives an 
undesirable effect on where the ultrasound waves travel to (Bushong, 1993). 

In addition, Miller stated that biological effects can only occur if it reaches its threshold 
and the severity increases with increasing exposure to specific circumstances (Miller, 
2008). The risk increases as the technology of ultrasound advanced through the decades. 
In the same vein, it has been reported that potential cavitation can happen when Doppler 
is used together with three-dimensional (3D) ultrasound (Pooh et al., 2016). A large and 
growing body of literature has emphasized that Doppler’s acoustic outputs are relatively 
sufficient to result in apparent biological effects when maximum operating settings are 
used (Barnett & Maulik, 2001).
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This matter leads to numerous studies that attempted to investigate the biological effects 
of ultrasound. Several studies were conducted to measure the thermal effects of ultrasound 
(Helmy, Bader, Koch, Tiringer, & Kollmann, 2015; Liang, Zhou, Wells, & Halliwell, 
2009). Helmy et al.(2015) expressed their concern on the physical mechanism of Doppler 
ultrasound, which could harm pregnant women in the early gestational period (Helmy et 
al., 2015). Through an in-vitro study conducted, they found that the temperature of a water 
bath model significantly increased after being exposed to Doppler ultrasound within one 
minute. Thus, they concluded that the risk of thermally induced effects by using Doppler 
ultrasound in early pregnancy period cannot be left out.

Heat As Teratogen for Pregnancy

The fetus also generates heat through metabolism process in the womb but unlike its 
mother, it cannot dissipate the heat by its own. The fetus is said to have no control over its 
body thermoregulation. Heat or hyperthermia is known to give effects on pregnant woman. 
It is proven that elevation of maternal body temperature could give an adverse effect on 
both the mother and the fetus. In a hyperthermia analysis, a study in 2003 demonstrated 
that hyperthermia during pregnancy can lead to irreversible damage to the fetus, such as 
abortion, retardation of growth, developmental defects, and worst of all an embryonic 
death (Edwards, Saunders, & Shiota, 2003).  

In accordance with the previous result, the present study also demonstrated that 
hyperthermia had affected both maternal and fetal outcomes. A study by Strand, Barnett, 
and Tong (2011) reviewed that most literature claimed that preterm birth, stillbirth, and 
low birth weight showed the highest numbers in both extreme seasons; summer and winter. 
From the literature reviewed by them, some of the authors have speculated that extreme 
seasons may be a risk factor for poor birth outcomes (Strand et al., 2011). The studies 
presented thus by far provided evidence in showing that ambient temperature during 
prenatal exposure taken in place can give an impact on birth consequences.

With respect to hyperthermia, the Intergovernmental Panel on Climate Change (IPCC), 
in 2007 presented an amount of evidence on how global warming and climate change 
can give impacts on humans (Rylander, Odland, & Sandanger, 2013). Pregnant women, 
unborn descendants, and youngsters are considered as high-risk groups in which climate 
change, especially direct heat exposure, gives severe effect on maternal health as well as the 
children. Moreover, it is very difficult to get away from complications during pregnancies. 
Pregnancies are associated with various complications, which may include spontaneous 
abortion, low birth weight, premature contractions, and neonatal mortality (Goldenberg, 
Culhane, Iams, & Romero, 2008; Randolph-habecker et al., 2017). Those complications 
can happen at any stage throughout the gestational periods (Liu et al., 2012). 
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A systematic review was done by Kuehn and McCormick (2017) on climate change in 
maternal health demonstrated that extreme heat exposure may affect fetal outcomes (Kuehn 
& McCormick, 2017). They also stated in their discussion that both extreme and moderate 
temperature exposures may result in an acute and adverse delayed birth consequences, 
respectively.  Similarly, in 2011, years before the systematic review was done, Sheffield 
and Landrigan concluded that heat-related health effects include diminished school 
performance, increased rates of pregnancy complications, and renal effects (Sheffield & 
Landrigan, 2011). However, the severity of the consequences may vary by the geographical 
region and socioeconomic status, which later increase health inequalities. 

There are several pieces of evidence telling that maternal pyrexia acts as the major 
determinant of fetal hyperthermia and is associated with the incidence of adverse neonatal 
outcomes (Trays & Banerjee, 2014). However, they made an argument that the neuronal 
injury can also be caused by many other factors rather than making hyperthermia as the 
only causal of event. 

Doppler Ultrasound in Pregnancy

Ultrasound is long known as the safest imaging modality as it involves no ionizing radiation 
and is frequently used in prenatal care for decades. In clinical practices, especially in 
obstetrics, ultrasound has been crucially used in diagnosing, monitoring, and assessing the 
fetal progress in the womb and in some cases, ultrasound helps perform the therapeutic 
intervention in treating fetal anomalies (Schellpfeffer, 2013). 

After the invention of ultrasound in the late 1950s, it continued to develop throughout 
the decades and was commonly applied in screening for pregnant women (Chau, 2002). 
Today, Doppler ultrasound is commercially applied by private companies and healthcare 
institutes in prenatal care.  Even though traditional ultrasound can give enough information 
about the fetus well-being in the womb, the advancement of Doppler ultrasound technology, 
by making use of Doppler effect physics as the result of the motion of blood or direction 
of the blood flow (Kremkau, 1994), helps practitioners to identify any blood circulation 
abnormalities of the fetus in a better view. 

Currently being practiced, only an expectant mother with high potential complication 
gets the privilege of using Doppler ultrasound to check on her fetus. As reported, the 
percentage of stillborn rate could be reduced if Doppler ultrasound is called as a standard 
practice, instead of the traditional prenatal ultrasound (Hill, 2016). Years before the 
trend set, the USA today reported that the American Institute of Ultrasound in Medicine 
(AIUM) notified parents about the possible harms of having an unregulated ultrasound for 
entertainment purposes (Anonymous, 2004). 

Unregulated ultrasound takes a longer time and uses more energy even though there 
is no confirmed biological effect from the prenatal ultrasound scan was done. The Food 
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and Drug Administration (FDA) made a statement that concerns the unknown long term 
effects of tissue heating by frequent visits and prolonged examination time (Diana, 2015). 
Therefore, the experts stated that ultrasound by using Doppler should only be done on 
expectant mothers when there is a medical purpose to perform it. However, if it is performed 
on expectant mothers without any diagnostic purposes, it brings the question whether it 
is safe for the fetus or not.

Doppler Ultrasound Bioeffects on Human

Doppler ultrasound is one of the most widely used ultrasound imaging modes and is 
extensively used for high-risk pregnancies to reduce stillbirths. Although some researches 
were carried out on its biological effects in humans, scientific understanding is very little. 
A review conducted by Alfirevic, Stampalija, and Dowswell (2017), showed the possible 
effects of Doppler ultrasound used in high-risk pregnancies to assess the fetal well-being 
(Alfirevic et al., 2017). They agreed to the use of Doppler in the obstetric field to reduce the 
number of fetal death but the fact of Doppler usage resulting in fewer obstetric interventions 
are yet to be certain. 

Previous studies have indicated that routine Doppler ultrasound examination, which 
was conducted for unselected or low-risk pregnancies cases, gave no benefits to the 
mother and child. An investigation by Bricker and Neilson (2000) showed that routine 
Doppler ultrasound resulted neither in increased obstetrics and gynecology interventions 
nor detectable in both short and long term consequences, such as perinatal mortality and 
defect neurodevelopment, respectively (Bricker & Neilson, 2000). 

 Forward et al. (2014) analyzed the data of 20 years follow-up of the randomized 
controlled trial on multiple prenatal ultrasound scans and ocular development (Forward 
et al., 2014). The study aimed to determine the effect of frequent exposure to several 
ultrasound modes of ultrasound on ocular development by using previous 20 years cohort 
study data. They found that frequent exposures to the ultrasound had no significant influence 
on the ocular development, regardless B-mode or spectral Doppler used. On the other hand, 
Sheiner et al., (2007) found distinct differences between Doppler and B-mode ultrasound. 
In her study, she identified that TI reading for Pulsed wave Doppler mode is at the highest 
followed by color flow Doppler and B-mode. Table 1 below shows the acoustic output 
during the ultrasound studies adapted from Sheiner et al., (2007).  

Then, recent evidence suggested that the use of Doppler ultrasound has given no 
impact to the fetal outcome. Alfirevic, Stampalija, and Medley (2015) found that there 
were no group differences seen for the analysis primary outcomes of prenatal death and 
neonatal morbidity (Alfirevic et al., 2015). Even though there was evidence found for group 
differences in prenatal death between a single Doppler assessment versus no Doppler, such 
exposition was unsatisfactory because the outcomes were only based on a single trial. 
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Therefore, in general, it seems that researchers concluded that the use of Doppler 
Ultrasound did not give any benefits to both the mother and fetus as the evidence found 
was not conclusive enough. Even though the bioeffects of Doppler ultrasound were not 
conclusive enough on humans, some significant can be seen in animal studies. 

Animal Studies Conducted on Assessing Doppler Bioeffects

The present studies make several noteworthy contributions towards further investigation 
on Doppler bioeffects by using an animal model. For a long exposure duration, which is 
longer than 5 minutes or exceeds 4˚C, the threshold temperature elevation for hyperthermia-
induced teratogenic effects in trial mammals was estimated to be approximately 1.5˚C above 
core standards (Miller, Nyborg, & Dewey, 2002). However, the finding is yet to be tested 
on humans, thus the generalizability of the research on this issue seems to be problematic. 

So far, the studies of Doppler ultrasound bioeffects being done on humans have shown 
us a negative conclusion. However, there are significant differences found throughout the 
animal studies. In 2005, the immediate and long-term effects of color Doppler ultrasound 
on myocardial cell apoptosis of fetal rate were investigated. Exposures were given in-
vivo and the effects were studied for both neonatal and fetal group. They found that there 
were higher significant differences in the fetal insonification group than in the neonatal 
insonification group and myocardial apoptosis also showed higher significant differences 
in the fetal insonification group than I the fetal control group as expected. However, there 

Table 1

Acoustic Output during the Ultrasound Studies 

Mode of ultrasound

Mechanical index (TI) Thermal index (TI)

Mean ± SD Range Mean ± SD Range

Pulsed-wave
 (n = 118) 0.9 ± 0.2 0.2 – 1.2 1.5 ± 0.5 0.9 – 2.8

Color Doppler 
(n = 31) 1.0 ± 0.1 0.8 – 12 0.8 ± 0.1 0.6 – 12

B-mode 
(n = 190) 1.1 ± 0.1 0.2 – 1.3 0.3 ± 0.1 0.1 – 0.7

*Standard deviation (SD) 
Note. Adapted from Sheiner et al. (2007)
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were no significant differences found in myocardial apoptosis between the same neonatal 
insonification group (Jia et al., 2005). 

Then, Schneider-Kolsky et al. (2009) had undergone an experiment to assess how 
ultrasound exposure can affect the learning and memory of chicks (Schneider-Kolsky et 
al., 2009). B-mode and Doppler ultrasound were exposed to the fetal chicks’ brains for 
several minutes on day 19 of the incubation period. After day 2 post-hatched, they found that 
significant memory impairment occurred following 4 and 5 minutes of Doppler exposure 
while no memory impairment was detected for those chicks exposed to B-mode. These 
findings showed that the prolonged exposure to Doppler ultrasound gave impairment to 
mammal’s cognitive function.  

Later in 2011, a study on the effect of pulsed Doppler examination on ductus venosus in 
rat fetuses had shown positive result where there was a linear correlation between exposure 
index and apoptotic activities of exposed liver tissues (Pellicer et al., 2011). They found that 
the longer the pulsed Doppler exposure was given at a time, the higher was the apoptotic 
index. However, they also found that hours after post-exposure, the cellular damage done 
was due to the exposure to Doppler disappeared. No significant liver damaged was found 
despite how long the fetal liver had been exposed.

On the other hand, in spite of much new knowledge about the Doppler effects, several 
other studies have also been done to investigate the heating effects of prenatal ultrasound 
without using the Doppler mode. In 2013, a study of fluctuations in hematological analysis 
and fetal weight were statistically found to be different in the newborn of Oryctolagus 
cuniculus after being exposed to traditional prenatal ultrasound (Ahmad Zaiki, Md Dom, 
Abdul Razak, & Hassan, 2013; Zaiki & Dom, 2014). In 2016, Zaiki and Dom later also 
found in their study that the heating effect during prenatal scanning interfered with the 
fetal neuro-development (Zaiki & Dom, 2016).

DISCUSSION

As some practitioners agreed that the development of ultrasound over the years did 
give benefits to humans, especially in the obstetrics and gynecology, the drawbacks of 
having ultrasound unnecessarily still existed. In reviewing the literature, most researchers 
concluded that there are long term effects that might affect the well-being of fetus, 
specifically. It is hypothesized that the longer ultrasound exposure time is given, the risks of 
having adverse effects also increase significantly. Regardless of which mode of ultrasound 
used, the risk of bioeffects still increases with the increase of the exposure period. It is 
possible, therefore, that the safety of using Doppler ultrasound without any prior concern 
during pregnancy may come into question. 

Another important finding is that some authors have speculated that the acoustic energy 
produced by particular ultrasound mode is also one the potential causes of ultrasound 
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bioeffects. 3D ultrasound is said to be as safe as B-mode because it scans the whole volume 
without repeatedly being exposed on the fetal point, while four dimensional (4D) ultrasound 
will have the same effect as both if the exposure to 4D ultrasound is limited within 30 
minutes (Pooh et al., 2016). Doppler ultrasound, which is mainly used to evaluate blood 
flow of the fetus in the womb of the mother can generate acoustic energy higher than other 
modes. This result may be explained by the fact that Doppler ultrasound uses pulse wave 
to generate images. Unlike conventional 2D mode ultrasound, the transducer or probe is 
kept stationary at a specific point. The ultrasound beam is focused on that specific region 
only, thus, it eventually alters the fetal exposure in terms of dwelling times as the beam is 
not scanned (Miller, 2008). 

We can see that as we compare between modes, the spatial peak temporal average 
intensity (ISPTA) for B-mode, motion (M) mode and Doppler are significantly increased 
where temporal averaged intensity can reach maximum 10W/cm2 (Abramowicz, 2017). The 
FDA put the exposure limit to 720 m W/cm2 for all applications, except for eye scanning 
after the former regulation was revised in 1992. The exposure towards ultrasound energy 
beyond the threshold limit might not be considered as safe anymore. Besides that, the 
development of scanners and transducers after 1993 may increase the possibility of tissues 
being exposed to higher intensities, thus, increases the risk of higher bioeffects occurrences 
(Deane & Lees, 2000). The practitioners need to observe the exposure of ultrasound so 
that it does not exceed the threshold limit. 

As FDA has highlighted the threshold value of ultrasound exposure, here is where the 
output display standard (ODS) takes its role. Thermal index (TI) and mechanical index 
(MI) are two main components displayed on the screen. TI is essential in estimating the 
maximum tissue temperature rise for a given exposure, while MI is known as an indicator 
for the non-thermal phenomenon to occur. Even though TI cannot measure the actual 
temperature in the tissue (Abramowicz, 2017), it is important for the practitioners to follow 
the guidelines given as higher TI can be associated with a higher temperature rise. Miller 
mentioned in his paper that a slight elevation of temperature of less than (1 - 1.5)˚C above 
normal body temperature is not expected to give any harm because the elevation is still 
within the normal variation of body temperature (Miller, 2008). It must be made clear that 
TI only represents a ratio of instantaneous power to the theoretical power needed to raise 
the tissue temperature by 1˚C. However, when Doppler is in use, the temperature might 
increase more than when conventional ultrasound was used. 

Potential bioeffects of ultrasound are crucial in pregnancy. As discussed earlier in 
this part, the acoustic energy is greater when Doppler mode is in used compared to other 
ultrasound modes. It is agreed that the thermally induced effect is more obvious by using 
Doppler (Barnett & Maulik, 2001). In pregnancy, the first 12 weeks of gestation period 
is the most crucial period because the growing fetus is very sensitive to any external 
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influences. Medications, exposure to X-ray, infectious diseases, and hyperthermia are 
categorized as teratogenic agents that can harm the fetus (Abramowicz, 2010). The heat 
produced by ultrasound wave is also considered as a teratogen in pregnancy. Most animal 
studies done had concluded that heat produced by ultrasound; mainly Doppler ultrasound, 
gave substantial effects to the growing fetus.  

The second and third trimesters of pregnancy also cannot be left out from having 
potential thermally induced effects from ultrasound waves. Theoretically, in the mechanism 
of heat absorption, the bone absorbs heat better than tissue. This is because the bone has 
higher attenuation coefficient as compared to other tissues, thus greater absorption occurs. 
As noted by Barnett and Maulik (2001), the risk of inducing thermal effects is higher in the 
last two trimesters; second and third trimesters (Barnett & Maulik, 2001). This is because 
during these periods, bones are already formed and thus, interception of fetal bone and 
ultrasound beam can lead to a temperature increase in the fetal brain. This view is supported 
by Maeda and Kurjak, (2012) who wrote that different tissues absorbed, attenuated, and 
perfused differently.

Decreased birth weight, neurological impairment as well as decreased cognitive 
functions and altered cellular proliferation are the examples of the consequences of 
exposure towards both conventional and Doppler ultrasounds for a given time. Contrary to 
the expectations, studies did not find a significant difference between Doppler ultrasound 
and its bioeffects on humans. This matter opens abundant rooms for further progress in 
determining Doppler ultrasound bioeffects on humans. Although the current study is based 
on animal studies and has yet to find evidence on humans, the findings can serve as the 
evidence that there are roughly bioeffects of Doppler ultrasound. 

However, the generalizability of these results is subjected to certain limitations. The 
whole-body temperature of an expectant mother (animal study) can also be elevated, not 
only because of the acoustic energy heat-generated but also due to other hyperthermia-
induced external factors. Generally, developmental impairment in animal models is seen 
when the maternal core temperature increases above normal of approximately 2 ˚C for 
an extended period of time, (2-2.5)˚C for 0.5-1 hour or ≥ 4˚C for 15 minutes (Ziskin & 
Morrissey, 2011). An increase in the mother’s core body temperature can increase the fetal 
temperature. Apart from that, the inability of a fetus to remove its own heat can also lead 
to an increased fetal temperature in the womb. Therefore, it is void to conclude that the 
heat produced by ultrasound is the main reason for fetal hyperthermia without taking into 
account other external factors. These findings also open a new door for researchers to dig 
out more unknown risk associates with ultrasound. 
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CONCLUSION AND RECOMMENDATION

The study of bioeffects of ultrasound is still limited only on animal studies and the 
significance of the result is yet to be implemented. This is mainly caused by the differences 
between animals and human features, either physiology or anatomy. For example, even 
though the mammals such as rabbits, rat, and sometimes monkeys are the nearest animals 
mimicking humans, there are still existing gaps that need to be filled. 

Therefore, in general, it seems that the heat produced by the acoustic energy from 
Doppler ultrasound wave can induce thermal bioeffects. Thermally induced effects can be 
fatal for the fetus, especially in the first trimester of pregnancy. Intense Doppler exposure 
throughout pregnancy period should also be avoided by all means. Since the application 
of ALARA principle can be found in radiology with respect to reducing radiation risk, 
this concept can also be directed towards reducing heat effects in ultrasound. AIUM has 
released their official statement in which the ALARA principle should observe the controls 
adjustment and transducer dwell periods which could affect the ultrasound acoustic output 
(American Institute for Ultrasound in Medicine, 2014). Therefore, health practitioners 
should always practice ‘as low as reasonably achievable’ (ALARA) concept and minimize 
the use of Doppler ultrasound in pregnancy while maintaining the diagnostic quality. This 
view has been also recommended by FDA (U.S Food and Drug Administration, 2017).

This review has thrown up many questions in need of further investigation. As was 
mentioned in the literature, the lack of evidence on the Doppler bioeffects on humans 
clearly showed that further research and investigation are needed. This is due to the fact 
that a significant difference is found in many animal studies. Even though it is known to 
be challenging to implement the results of animal studies onto humans, the bioeffects of 
Doppler ultrasound cannot be taken for granted. If the debate of ultrasound safety is to 
be moved forward, a better understanding of Doppler ultrasound bioeffects needs to be 
developed. 

ACKNOWLEDGEMENT

The authors are grateful to the staff of International Islamic University Malaysia, supervisor, 
lecturers, peers, and everyone involved in this review paper. This review paper is funded 
by IIUM Research Initiative Grant (RIGS), no.: RIGS 16-300-0464. 

REFERENCES 
Abramowicz, J. S. (2010). Fetal Doppler: How to keep it safe? Clinical Obstetrics and Gynecology, 53(4), 

842–850. https://doi.org/10.1097/GRF.0b013e3181fbae34

Abramowicz, J. S. (2017). Ultrasound in Assisted Reproductive Technologies and the First Trimester : 
Is There a Risk ? Clinical Obstetrics and Gynecology, 60(1), 121–132. https://doi.org/10.1097/
GRF.0000000000000256



Umi Nadrah Amran, Farah Wahida Ahmad Zaiki and Sulaiman Md Dom

368 Pertanika J. Sci. & Technol. 27 (1): 357 - 370 (2019)

Alfirevic, Z., Stampalija, T., & Dowswell, T. (2017). Fetal and umbilical Doppler ultrasound in high‐
risk pregnancies (review). Cochrane Database of Systematic Reviews, (6), 1-163. https://doi.
org/10.1002/14651858.CD007529.pub4.Copyright

Alfirevic, Z., Stampalija, T., & Medley, N. (2015). Fetal and umbilical Doppler ultrasound in normal pregnancy. 
The Cochrane Database of Systematic Reviews, 4(4), CD001450. https://doi.org/10.1002/14651858.
CD001450.pub4

American Institute for Ultrasound in Medicine. (2014). As Low As Reasonably Achievable (ALARA) Principle. 
Retrieved January 13, 2018, from http://www.aium.org/officialStatements/39

USA Today. (2004, March 27). Parents ignoring FDA warning against prenatal portraits. USA Today. Retrieved 
January 13, 2018, from http://usatoday30.usatoday.com/news/health/2004-03-27-prenatal-portraits_x.htm

Ball, J., & Price, T. (1995). Chesney’s Radiographic Imaging (6th Ed.). Massachusetts: Wiley-Blackwell.

Barnett, S. B., & Maulik, D. (2001). Guidelines and recommendations for safe use of Doppler ultrasound 
in perinatal applications. The Journal of Maternal-Fetal Medicine, 10(March), 75–84. https://doi.
org/10.1080/714904312

Bricker, L., & Neilson, J. P. (2000). Routine doppler ultrasound in pregnancy. Cochrane Database of Systematic 
Reviews, (2), CD001450. Retrieved January 13, 2018, from https://doi.org/10.1002/14651858.CD001450

Bushberg, J. T., Seibert, A. J., Leidholdt, E. M., & Boone, J. M. (2002). The Essential Physics of Medical 
Imaging. Philadelphia: Lippincott Williams and Wilkins.

Bushong, S. (1993). Radiologic Science for Technologists: Physics, Biology, and Protection (5th Ed.). St. 
Louis: Mosby-Year Book.

Chau, M. T. (2002). Safety of Diagnostic Ultrasound. Medical Section. Queen Mary Hospital, 7, 3-4.

Deane, C., & Lees, C. (2000). Doppler obstetric ultrasound: A graphical display of temporal changes in safety 
indices. Ultrasound in Obstetrics and Gynecology, 15(5), 418–423. https://doi.org/10.1046/j.1469-
0705.2000.00111.x

Diana, E. (2015). FDA warns against “ keepsake “ ultrasounds. CBS News. Retrieved January 13, 2018, from 
http://www.cbsnews.com/news/3?d?ultrasounds?cause?concern?for?obgyn?doctors?and?fda/

Edwards, M. J., Saunders, R. D., & Shiota, K. (2003). Effects of heat on embryos and foetuses. International 
Journal of Hyperthermia : The Official Journal of European Society for Hyperthermic Oncology, North 
American Hyperthermia Group, 19(3), 295–324. https://doi.org/10.1080/0265673021000039628

Forward, H., Yazar, S., Hewitt, A. W., Khan, J., Mountain, J. A., Pesudovs, K., … & Newnham, J. P. (2014). 
Multiple prenatal ultrasound scans and ocular development: 20-year follow-up of a randomized controlled 
trial. Ultrasound in Obstetrics and Gynecology, 44(2), 166–170. https://doi.org/10.1002/uog.13399

Fowlkes, J. B. (2008). American Institute of Ultrasound in Medicine consensus report on potential bioeffects 
of diagnostic ultrasound: executive summary. Journal of Ultrasound in Medicine : Official Journal of the 
American Institute of Ultrasound in Medicine, 27(4), 503–515. https://doi.org/10.1177/8756479310394986



Thermal Effects During Pregnancy by Using Doppler Ultrasound

369Pertanika J. Sci. & Technol. 27 (1): 357 - 370 (2019)

Bell, D. J., & Goel, A. (2015). Doppler shift. Radiopedia. Retrieved January 13, 2018, from https://radiopaedia.
org/articles/doppler-shift

Goldenberg, R. L., Culhane, J. F., Iams, J. D., & Romero, R. (2008). Epidemiology and causes of preterm 
birth. The Lancet, 371(9606), 75-84. https://doi.org/10.1016/S0140-6736(08)60074-4

Helmy, S., Bader, Y., Koch, M., Tiringer, D., & Kollmann, C. (2015). Measurement of thermal effects of 
doppler ultrasound: An in vitro study. PLoS ONE, 10(8), 1–6. https://doi.org/10.1371/journal.pone.0135717

Hill, A. (2016). News life sport. Newsletter, 1–5.

Jia, H., Duan, Y., Cao, T., Zhao, B., Lv, F., & Yuan, L. (2005). Immediate and long-term effects of color 
Doppler ultrasound on myocardial cell apoptosis of fetal rats. Echocardiography (Mount Kisco, N.Y.), 
22(5), 415–420. https://doi.org/10.1111/j.1540-8175.2005.04035.x

Kremkau, F. W. (1994). Diagnostic ultrasound: principles and instruments. Ultrasound Quarterly, 12(1), 65-66.

Kuehn, L., & McCormick, S. (2017). Heat exposure and maternal health in the face of climate change. 
International Journal of Environmental Research and Public Health, 14(8), 853-865. https://doi.
org/10.3390/ijerph14080853

Liang, H. D., Zhou, L. X., Wells, P. N. T., & Halliwell, M. (2009). Temperature measurement by thermal strain 
imaging with diagnostic power ultrasound, with potential for thermal index determination. Ultrasound in 
Medicine and Biology, 35(5), 773–780. https://doi.org/10.1016/j.ultrasmedbio.2008.10.017

Liu, L., Johnson, H. L., Cousens, S., Perin, J., Scott, S., Lawn, J. E., … & Black, R. E. (2012). Global, regional, 
and national causes of child mortality: An updated systematic analysis for 2010 with time trends since 
2000. The Lancet, 379(9832), 2151–2161. https://doi.org/10.1016/S0140-6736(12)60560-1

Maeda, K., & Kurjak, A. (2012). The safe use of diagnostic ultrasound in obstetrics and gynecology. Donald 
School Journal of Ultrasound in Obstetrics and Gynecology, 6(3), 313–317.

Miller, D. L. (2008). Safety assurance in obstetrical ultrasound. Seminars in Ultrasound, CT and MRI, 29(2), 
156–164. https://doi.org/10.1053/j.sult.2007.12.003

Miller, M. W., Nyborg, W. L., & Dewey, W. C. (2002). Hyperthermic teratogenicity, thermal dose and diagnostic 
ultrasound during pregnancy : implications of new standards on tissue heating. International Jornal of 
Hyperthermia, 18(5), 361–384. https://doi.org/10.1080/0265673021014689

Mone, F., McAuliffe, F. M., & Ong, S. (2015). The clinical application of Doppler ultrasound in obstetrics. 
The Obstetrician and Gynaecologist, 17(1), 13–19. https://doi.org/10.1111/tog.12152

Pellicer, B., Herraiz, S., Táboas, E., Felipo, V., Simon, C., & Pellicer, A. (2011). Ultrasound bioeffects in rats: 
Quantification of cellular damage in the fetal liver after pulsed Doppler imaging. Ultrasound in Obstetrics 
and Gynecology, 37(6), 643–648. https://doi.org/10.1002/uog.8842

Pooh, R. K., Maeda, K., Kurjak, A., Sen, C., Ebrashy, A., Adra, A., … & Stanojevic, M. (2016). 3D/4D 
sonography - Any safety problem. Journal of Perinatal Medicine, 44(2), 125–129. https://doi.org/10.1515/
jpm-2015-0225



Umi Nadrah Amran, Farah Wahida Ahmad Zaiki and Sulaiman Md Dom

370 Pertanika J. Sci. & Technol. 27 (1): 357 - 370 (2019)

Randolph-habecker, C. J., Palmer, A. K., Kiernan, J., & Ritman, E. L. (2017). Studies in Obstetric Sonography. 
Ultrasound in Obstetrics and Gynecology, 10(1), 1–5. https://doi.org/10.1097/AOG.0b013e3181834608

Rylander, C., Odland, J. O., & Sandanger, T. M. (2013). Climate change and the potential effects on maternal 
and pregnancy outcomes: An assessment of the most vulnerable - the mother, fetus, and newborn child. 
Global Health Action, 6(1), 0–9. https://doi.org/10.3402/gha.v6i0.19538

Schellpfeffer, M. A. (2013). Ultrasound imaging in research and clinical medicine. Birth Defects Research 
Part C - Embryo Today: Reviews, 99(2), 83–92. https://doi.org/10.1002/bdrc.21032

Schneider-Kolsky, M. E., Ayobi, Z., Lombardo, P., Brown, D., Kedang, B., & Gibbs, M. E. (2009). Ultrasound 
exposure of the foetal chick brain: Effects on learning and memory. International Journal of Developmental 
Neuroscience : The Official Journal of the International Society for Developmental Neuroscience, 27(7), 
677–83. https://doi.org/10.1016/j.ijdevneu.2009.07.007

Sheffield, P., & Landrigan, P. (2011). Global climate change and children’s health: Threats and strategies for 
prevention. Environ Health Perspect, 119(3), 291–8. https://doi.org/0.1289/rhp.1002233.

Sheiner, E., Shoham-Vardi, I., Pombar, X., Hussey, M. J., Strassner, H. T., & Abramowicz, J. (2007). An 
increased thermal index can be achieved when performing Doppler studies in obstetric sonography. 
Journal of Ultrasound in Medicine, 26(1), 71–76. https://doi.org/26/1/71 [pii]

Shung, K. K. (2006). Diagnostic ultrasound: Imaging and blood flow measurements. Boca Raton, FL: Taylor 
& Francis.

Strand, L. B., Barnett, A. G., & Tong, S. (2011). The influence of season and ambient temperature on birth 
outcomes: A review of the epidemiological literature. Environmental Research, 111(3), 451-462. https://
doi.org/10.1016/j.envres.2011.01.023.

Trays, G., & Banerjee, S. (2014). Fetal and neonatal hyperthermia. Paediatrics and Child Health (United 
Kingdom), 24(9), 419–423. https://doi.org/10.1016/j.paed.2014.01.005

U.S. Food and Drug Administration. (2017). Radiation-emitting products. Retrieved January 13, 2018, 
from https://www.fda.gov/Radiation-EmittingProducts/RadiationEmittingProductsandProcedures/
MedicalImaging/ucm115357.htm

Zaiki, F. W. A., Dom, S. M., Razak, H. R. A., & Hassan, H. F. (2013). Prenatal ultrasound heating impacts on 
fluctuations in haematological analysis of Oryctolagus cuniculus. Quantitative Imaging in Medicine and 
Surgery, 3(5), 262–8. https://doi.org/10.3978/j.issn.2223-4292.2013.10.05

Zaiki, F. W. A., & Dom, S. M. (2014). The effect of prenatal ultrasound heating throughout gestation on 
rabbit fetal weight. International Journal of Bio-Science and Bio-Technology, 6(3), 71–79. https://doi.
org/10.14257/ijbsbt.2014.6.3.09

Zaiki, F. W. A., & Dom, S. M. (2016). Morphometric Brain Measurement of Prenatal Ultrasound-Induced 
Rabbit Fetus Using Micro-Computed Tomography (Micro-CT). Jurnal Teknologi, 7, 1–3.

Ziskin, M. C., & Morrissey, J. (2011). Thermal thresholds for teratogenicity, reproduction, and development. 
International Journal of Hyperthermia : The Official Journal of European Society for Hyperthermic 
Oncology, North American Hyperthermia Group, 27(4), 374–87. https://doi.org/10.3109/02656736.20
11.553769


