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Abstract: Ultrasonography isawell-established imaging modality for
evaluation of gynecologic tumors. Inrecent years, more sophisticated
technologies like the use of intravascular contrast agents led to an
improvement in the ability of the practitioner to differentiate benign
from malignant masses. When we consider the safety of contrast-
enhanced ultrasonography in obstetrics and gynecology, we must
discuss about the effect of ultrasound contrast media on embryo and
fetus. Theuseof ultrasound contrast mediain pregnant women aways
concernsin the obstetricians because of the principle of not exposing
a fetus to any drug. Therefore, the literature was reviewed for
information about those saf ety and efficacy because of the uncertainty
about the use of contrast mediaduring pregnancy. Based on thelimited
information available, mutageni c and teratogenic effects have not been
described after administration of ultrasound contrast media. No effect
on the fetus has been seen after contrast media. The small potential
risk associated with the nonthermal bioeffects viaacoustic cavitation
may be considered to prohibit theusein first trimester pregnant women.
In previous studies including human trials, no evidence of adverse
effect was reported. Contrast-enhanced ultrasonography could prove
a useful adjunct in multiple gestations and in evaluation of
uteroplacental circulation. It appears to be very promising potential
in obstetrics.
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INTRODUCTION

The recent introduction of high-quality ultrasonic diagnostic
equipment and ultrasound contrast mediais expected toimprove
the utility of ultrasonography in a variety of clinical area.
Ultrasound contrast agents have been used extensively in
internal medicine to enhance cardiovascular imaging, such as
echocardiography for imaging of cardiac cavities and valves,*
visualization of the coronary arteries,? assessment of myocardial
perfusion and viability, and imaging of carotid atherosclerotic
plaque formation.* Other areas in which ultrasound contrast
agents have been used include the liver and spleen® and the
brain.® Because ultrasonography itself has low contrast

resolution, it is difficult to directly visualize tumors and to
differentiate between the tumor and normal tissue using
ultrasound. Contrast-enhanced ultrasonography offers great
promise in oncology for many potential clinical applications.
Contrast media enhancement affords the direct depiction of
tumor neovascularity. Tumor neovascularity demonstrates
clustered vesselsof irregular caliber. The procedures has been
shown to improve imaging of breast cancer’ and prostate
cancer.®

Contrast-enhanced ultrasonography could also offer great
advantages in gynecologic cancers. Combined morphologic
and vascular imaging improves early detection and preoperative
assessment of ovarian cancer.®'° Because contrast agents
increase the sensitivity of detection of parametrial invasion
and lymph node metastases, vaginal ultrasound probably now
could pay animportant rolein the evaluation of uterine cervical
cancer.'* Apart from neoplasms, alot of authors have reported
theclinical values of imaging of the uterine cavity and fallopian
tubes.’>1* Their usein obstetrics is, however, very limited at
the moment because of safety. When ultrasound investigations
using contrast media are considered during pregnancy, the
principa anxiety for the safety of thefetusrelatesto the harmful
effects related to the ultrasound contrast agent, although they
have been shown to markedly enhance placental imaging in a
laboratory set-up. Anxiety usually relates to the potential
mutagenic and teratogenic effects during early pregnancy.

When we consider the safety of contrast-enhanced
ultrasonography in obstetrics and gynecol ogy, we must discuss
about the effect of ultrasound contrast media on embryo and
fetus. Theuseof ultrasound contrast mediain pregnant women
always concerns in the obstetricians because of the principle
of not exposing a fetus to any drug. Therefore, the literature
was reviewed for information about those safety, efficacy and
limitations because of the uncertainty about the use of contrast
media during pregnancy.
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ULTRASOUND CONTRAST AGENTS

The subject of a contrast effect of ultrasound contrast agents
is micron-ordered gas microbubbles. Microbubbles are very
small compared with ultrasound wave length, and their acoustic
feature is completely different from that of the living body.
Microbubbles are strongly echogenic, have a high degree of
echogenicity, which is the ability of an object to reflect the
ultrasound waves effectively. The echogenic difference
between the gas in the microbubbles and the soft tissue
surroundings of the body isimmense. Thus, ultrasound imaging
using microbubble contrast agents enhances the ultrasound
backscatter, or reflection of the ultrasound waves, to producea
unique sonogram with increased contrast.

In the 1980s and the early 1990s, they used isotonic saline
and carbon dioxide beaten manually as contrast media. Indeed,
all mediahaving adifferent echogenicity fromthat of theliving
body can be used ascontrast media. Contrast mediaaredivided
into two groups as hypoechoic and hyperechoic. Isotonic saline
and dextran solutions belong to the hypoechoic group.
Sonohysterography is a technique developed to better image
the uterine cavity. It usesaninfusion of sterile saline through
a soft plastic catheter placed in the cervix in conjunction with
transvagina ultrasound. The salineinfusion distendsthe uterine
cavity and provides an excellent contrast to the lining, giving
improved visualization of uterine and endometrial pathology.™
This technique may also be used to assess the fallopian tubes
by demonstrating fluid spill into the pelvis.

Hyperechoic contrast media containing microbubbles
enhance echo signals, allowing detection of the flow by both
B-mode and Doppler ultrasound. Commercially available echo-
enhanced microbubble contrast agents include Albunex
(Mallinckrodt, St. Louis, MO, USA), an albumin-shelled
ultrasound contrast agents composed of air-filled microbubbles
with a median diameter of 3 to 4 um; Optison (Nycomed-
Amersham, Oslo, Norway), a second-generation perfluoro-
carbon-filled contrast agentswith similar microbubble diameter
and concentration; and L evovist (Schering, Berlin, Germany), a
galactose-based air-filled microbubble contrast agents, 99% of
whichissmaller than 7 um. Unfortunately, Levovistisan only
contrast mediawhich we can use at thistime in Japan.

SAFETY OF CONTRAST MEDIA IN OBSTETRICS

No mutagenic effects were shown in vitro with albumin
contained in Albunex and gal actose and pal mitic acid contained
in Levovist themselves, using both bacterial testing and sister
chromatoid exchange methods.*® In vivo testsin animals have
shown no evidence of either mutagenic or teratogenic effects
with the contrast agents. An Australian categorization of risk
of drug usein pregnancy?’ treats gal actose and palmitic acid of
radiographic agents as category B,, suggesting no increase in

thefregquency of malformation or other direct or indirect harmful
effects on the human fetus and no evidence of an increased
occurrence of fetal damagein animal studies.

Although ultrasonography is considered safe during
pregnancy, as ultrasound energy has been shown not to be
harmful for the developing fetus, ultrasound can produce a
variety of nonthermal bioeffects via acoustic cavitation.
Cavitation bubblesmay induce cell death or transient membrane
permeabilization (sonoporation) on asinglecell level, aswell as
microvascular hemorrhage and disruption of tissue structure.
In theory transient cavitation can, however, occur under
diagnostically relevant conditionsif appropriate nuclei existin
the exposed medium. Thelikelihood of producing cavitation-
type nonthermal effects is enhanced by the presence in the
sound-field of ultrasound contrast agents. Miller et al showed
that both Levovist and Albunex could providenuclei for inertial
cavitation and that the sonochemical hydrogen peroxide was
detected after exposureto ultrasound invitro.*® Sonochemicals
resulting from ultrasound-induced initial cavitation, with
Albunex, have mutagenic potential in cultured cell.'®
Fortunately, thereisno evidence of cavitation effectsoccurring
in the soft tissues of the fetus when exposed to conventional
diagnostic ultrasound. However, the possibility existsthat such
effects may be enhanced by the introduction of ultrasound
contrast agents.?°

Levovist has been shown to be safe in adult because its
constitute agents are al naturally occurring and nontoxic.?
Microbubble contrast mediasuch as Levovist and Albunex are
small enough to pass through capillaries but large enough to
preclude transmembranous passage. |n absence of an active
transport mechanism, Levovist cannot cross the placenta and
thuswill delineate either fetal or maternal side of thecirculation.
Infetal sheep experimental model, the contrast agent Levovist
caused no emboli in any fetal tissues or in the placenta®® The
anima model study using reported that intravenous injection
of Albunex does not cause any effect on the fetus of
cynomolgus monkey in early pregnancy.?® Another study using
primates reported that administration of Levovist doesnot affect
fetal hemodynamic parameters as measured by Doppler
ultrasound and suggested that administration of themicrobubble
agent does not interferewith placental blood flow.2* In human,
Orden et al? reported that contrast agent enhancement in the
examination of uteroplacental perfusion does not produce any
harmful fetal or placental effectsinlate pregnancy.

The safe use of ultrasound contrast mediaduring pregnancy
has not been established. While imaging the fetus in the first
trimester, contrast agents should be avoided due to the
possibility of their mutagenicity. During second and last
trimesters, they should not be used unlessthe benefits outweigh
therisks.
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ANIMAL AND EX VIVOMODELS

Although obstetric applications have been excluded from clinical
trials, ultrasound contrast agents could be clinically useful for
diagnosisof pathologic placental conditions, including placenta
abruptio and abnormalities of placental blood flow. Many
researchers conducted apreclinical safety and limited efficacy
study using ultrasound contrast agents in a variety of animal
models.

In cynomolgus monkey, intravenous injection of Albunex
enhanced the color Doppler images of intervillousflow in early
pregnancy.?® In late pregnant macaques, Levovist that stays
within the vascul ar space and does not crossthe placentacould
permit differentiation between the maternal and fetal portions
of the placenta and might be clinically useful for diagnosis of
placental abnormalities.>* Ragavendraet al?® applied targeted
contrast enhanced ultrasound techniqueto third trimester gravid
rhesus monkey and assessing intervillous blood flow. It is
important to evaluation of the blood flow to the intravillous
space because its decrease could lead to growth restriction and
fetal death. Contrasted ultrasound with video densitometry
might be able to measure the intervillous blood flow by
constructing of time-intensity curves in pregnant baboons.?’
With Levovist injections, researchers could show changesin
flow in small vesselsin a fetal sheep model during hypoxic
stress.??

Placental lobules from term human placentas were
maintained ex vivo with fetal and maternal flow. Albunex? or
Levovist?® into the fetal vasculature enables color or power
Doppler imaging echoenhancement both in chorionic vessels
andwithinthevilloustree. Bothinanima modelsandin exvivo
placental experiments, they could delineate placental
vasculature with the microbubble contrast agents.

CONTRAST-ENHANCED
ULTRASOUD APPLIED HUMAN

Uptothe present date, there aretwo groupswhich have reported
contrast-enhanced ultrasound applied pregnant women. Orden
et al* reported that Levovist could enhance uteroplacental
blood flow imaging, but they could not find any association
between fetal growth restriction and intensity changes or
absolute intensity parameters. On the other hand, Denbow et
al®%? ysed ultrasound contrast agents to demonstrate feto-
fetal transfusion in monochorionic twins. With use of Levovist
in human fetusesthere was evidence of contralateral twin echo
enhancement in the cases of twin-to-twin transfusion syndrome.
No evidence of adverse reaction was noted.*

Another use of ultrasound contrast agents in obstetrics
include diagnoses in ectopic pregnancies® and placenta
accreta.® Ultrasound demonstration of the fallopian tubesis
possible only if they arefilled with fluid or blood. The use of

Levovist could facilitate localization of trophoblastic tissuein
ectopic pregnancy.®® Contrast-enhanced color flow mapping
was informative in the diagnosis of placenta accreta.®

CONCLUSIONS

Ultrasound contrast media are widely used in clinical area
including the field of gynecology for diagnostic
ultrasonography. In obstetrics, indications of contrast-
enhanced ultrasonography are still limited because of uncertainly
about the use of the contrast media during pregnancy. In
previous studiesincluding human trials, no evidence of adverse
effect wasreported. Contrast-enhanced ultrasonography could
prove auseful adjunct in multiple gestations and in evaluation
of uteroplacental circulation. It appearsto be very promising
potential in obstetrics.
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