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Abstract

Contrast-enhanced ultrasound (CEUS) has been increasingly used in pediatric radiology practice
worldwide. For nearly two decades, CEUS applications have been performed with the off-label
use of gas-containing second-generation ultrasound contrast agents (UCAS). Since 2016, the
United States Food and Drug Administration (FDA) has approved the UCA Lumason for three
pediatric indications: the evaluation of focal liver lesions and echocardiography via intravenous
administration and the assessment of vesicoureteral reflux via intravesical application (contrast-
enhanced voiding urosonography, ceVUS). Prior to the FDA approval of Lumason, humerous
studies with the use of second-generation UCAs had been conducted in adults and children.
Comprehensive protocols for clinical safety evaluations have demonstrated the highly favorable
safety profile of UCA for intravenous, intravesical and other intracavitary uses. The safety data on
CEUS continue to accumulate as this imaging modality is increasingly utilized in clinical settings
worldwide. As of August 2021, 57 pediatric-only original research studies encompassing a total of
4,518 children with 4,906 intravenous CEUS examinations had been published. As in adults, there
were a few adverse events; the majority of these were non-serious, although very rarely serious
anaphylactic reactions were reported. In the published pediatric-only intravenous CEUS studies
included in our analysis, the overall incidence rate of serious adverse events was 0.22% (10/4,518)
of children and 0.20% (10/4,906) of all CEUS examinations. Non-serious adverse events from

the intravenous CEUS were observed in 1.20% (54/4,518) of children and 1.10% (54/4,906) of
CEUS examinations. During the same time period, 31 studies with the intravesical use of UCA
were conducted in 12,362 children. A few non-serious adverse events were encountered (0.31%;
38/12,362), but these were most likely attributable to the bladder catheterization rather than the
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UCA. Other developing clinical applications of UCA in children, including intracavitary and
intralymphatic, are ongoing. To date, no serious adverse events have been reported with these
applications. This article reviews the existing pediatric CEUS literature and provides an overview
of safety-related information reported from UCA uses in children.
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Introduction

Contrast-enhanced ultrasound (CEUS) imaging with the use of second-generation ultrasound
contrast agents (UCAS) is increasing worldwide. The United States Food and Drug
Administration (FDA) approved the UCA Lumason (Bracco Diagnostics, Monroe Township,
NJ) for three pediatric indications: evaluation of focal liver lesions and pediatric
echocardiography via intravenous administration and evaluation of vesicoureteral reflux via
intravesical application. Outside the United States, Lumason is known as SonoVue (Bracco,
Milan, Italy). SonoVue has been approved for pediatric intravesical applications in Europe
and China. Two other currently available second-generation UCAs, Optison (GE Healthcare,
Princeton, NJ) and Definity (Lantheus, North Billerica, MA), have not been approved for a
pediatric indication, but there are reports of their off-label use in children.

Before Lumason/SonoVue received pediatric approval, all CEUS applications in children
were performed off-label. The term “off-label” refers to the use of a licensed medical
product for either an indication, or in a population, or via a route of administration that is
different from those specified in the package insert. This practice is acceptable when it is
clinically appropriate (reasonable and necessary) and based upon sound scientific evidence
or sound medical judgment.

The groundwork regarding the safety and efficacy of the intravenous applications of UCA
in children was predominantly based on the experience with the use of SonoVue in adults.
In 2001, SonoVue was approved in Europe for specific intravenous applications in adults:
cardiac, liver, breast and vascular. In 2003, SonoVue was approved in China for the same
applications in adults. In the early years of CEUS implementation, large-scale studies
including several thousand intravenous injections of SonoVue in adults demonstrated its
high safety profile and reported few adverse events. One of the earliest large-scale safety
studies of CEUS was published in 2006 and described the intravenous use of SonoVue
for abdominal applications in adults. Data from a total of 23,188 intravenous CEUS
examinations in adults were collected retrospectively from 28 Italian centers and analyzed;
in this study, the overall rate for all adverse events was 0.13% (29/23,188) and for serious
adverse events was <0.01% (2/23,188) [1].

Two recent large-scale single-center retrospective studies demonstrated similar findings.
Both studies took place in China with the intravenous use of SonoVue for CEUS
applications to abdominal and superficial organs (thyroid, breast, lymph nodes) [2, 3].
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The first study included 30,222 adults. The overall incidence rate of adverse events was
0.02% (6/30,222) and <0.01% (2/30,222) for serious adverse events, including 2 cases of
anaphylactic shock [2]. The second study included 34,478 intravenous CEUS examinations
in adults. In total, 40 adverse reactions were identified (0.12%), with 3 cases of anaphylactic
shock (<0.01%) reported [3]. In both studies, the non-serious adverse events reported were
predominantly mild in severity and were analogous to what is described in the product label

[4].

In children, smaller studies reported similar results regarding the safety of UCA for the

two most common pediatric uses (intravenous and intravesical). Since second-generation
UCAs became available in the early 2000s, 57 pediatric-only original research studies
encompassing a total of 4,518 children with 4,906 intravenous CEUS examinations have
been published [5-61]. As in adults, there were a few adverse events; the majority of these
were non-serious, although very rarely serious anaphylactic reactions were reported. During
the same time period, 31 studies with the intravesical use of UCA were conducted in 12,362
children [6, 62-91]. A few minor adverse events were encountered, but these were most
likely attributable to the bladder catheterization rather than the UCA. Other evolving clinical
applications of UCA in children, including intracavitary and intralymphatic, are ongoing. To
date, no serious adverse events have been reported with these applications [92-98].

Among these studies in children, two reports based on the experience in European centers,
the European pediatric CEUS survey and the pediatric registry of the European Federation of
Societies for Ultrasound in Medicine and Biology (EFSUMB) presented cumulative safety
data from the use of SonoVue [5, 6]. In 2012, the European pediatric CEUS survey reported
safety data from 45 centers regarding the pediatric intravenous and intravesical uses of
SonoVue [6]. Of a total of 948 intravenous CEUS examinations, 5 children were reported

to experience 6 minor adverse events (0.53%). No adverse events were recorded in 4,131
intravesical examinations [6]. In 2021, the pediatric registry of EFSUMB reported safety
data contributed from 19 centers on the intravenous use of SonoVue [5]. In this registry,
which encompassed 1,676 children who underwent CEUS with intravenous administration
of SonoVue, 19 children (1.1%) experienced adverse events; 4 children developed severe,

5 moderate and 6 mild hypersensitivity reactions, and 4 children had mild symptoms other
than hypersensitivity reactions. The design of the survey and registry suggests that there was
overlap in the number of children that they reported and the number of children included in
the original research studies that were published by the contributing institutions and centers.
Nevertheless, both reports provide substantial evidence to support the high safety profile of
SonoVue in children [5, 6].

Compared to other contrast agents that are routinely used in pediatric radiology, e.g.,
iodinated contrast agent and gadolinium, UCAs have a very low incidence of adverse events,
particularly serious adverse events. One study including 11,306 intravenous injections of
low-osmolality nonionic iodinated contrast media in children and neonates documented an
allergic-like reaction rate of 0.18% [99]. Two studies including 13,344 and 15,706 injections
of gadolinium-based contrast agents in children documented allergic-like reaction rates of
0.04% and 0.05%, respectively [100, 101]. Another safety advantage is that UCAs are not
excreted by the kidneys and therefore are not nephrotoxic. They can be safely used in
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children with renal impairment without the need for laboratory tests prior to administration.
They are also not associated with the risk of nephrogenic systemic fibrosis or tissue
deposition. Furthermore, CEUS exams do not require sedation and can be performed in
different settings, including at the bedside and in the operating room.

As CEUS use increases in pediatric clinical settings, there is ongoing accumulation of safety
data, and thereby knowledge about its safety profile is continually evolving. The aim of this
article is to review the pediatric CEUS literature and provide an overview of safety-related
information reported on the intravenous, intravesical, and developing uses of UCAS in
children. Pediatric radiologists, sonographers and medical staff who perform CEUS should
be aware of the types of possible adverse events and be prepared to recognize the signs and
symptoms and provide appropriate management.

Terminology pertaining to adverse events

To standardize the terminology used to report adverse events, various regulatory authorities,
safety data registries, and major terminology initiatives have developed comprehensive
resources. While there might be variations in the terminology used in specific contexts
(e.g., oncology), common concepts and standard definitions pertain in most settings. The
definitions of adverse events we present here are in accordance with the FDA Code of
Federal Regulations and World Health Organization resources [102, 103]. Note that these
definitions use the term “drug” to refer to all medical or pharmaceutical products, including
UCAs. An “adverse event” is defined as any unwanted medical occurrence associated with
the use of a drug in humans, whether or not it is considered drug-related [102]. That includes
any undesired sign (including laboratory findings), symptom, or disease that occurs during
the use of a medical product, even if they are not related to that product. The term “adverse
event” is often used interchangeably with the terms “side effect” and “adverse reaction,”
although this usage is not always correct. “Side effect” is an unintended effect that occurs
with a normal dose of the drug related to its pharmacological properties [103]. The term
“side effect” has been used in various ways, usually to describe negative (unfavorable)
effects, but also positive (favorable) effects [104]. Side effects can be well known and even
expected and require no change in patient management. It is recommended that this term
should no longer be used and particularly should not be regarded as synonymous with
adverse event or adverse reaction [105]. An “adverse reaction” is a response to a drug

that is noxious and unintended, and occurs at doses hormally used for the prophylaxis,
diagnosis, or therapy of disease, or for the modifications of physiological function [103].
The definition of “adverse reaction” is limited to those adverse events for which there is
reasonable evidence to suggest that there is a causal relationship between the drug and the
event. Therefore, adverse reactions are a subset of adverse events. It is adverse events that
are recorded during clinical trials.

Adverse events are classified according to their seriousness and severity (i.e. intensity).
The seriousness of an adverse event relates to its outcome and is a regulatory definition.
A “serious adverse event” occurs at any dose and results in any of the following
outcomes: death, a life-threatening event, inpatient hospitalization or prolongation of
existing hospitalization, a persistent or significant disability/incapacity, or a congenital
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anomaly/birth defect. Adverse events might also be considered serious if they jeopardize the
patient or subject and require medical or surgical intervention to prevent one of the outcomes
listed in this definition. An example of such medical events is allergic bronchospasm
requiring intensive treatment [102]. The severity of a specific event describes its intensity,
not its outcome, and is graded on a scale that includes the designations mild, moderate

and severe. Mild (or minor) adverse events include minor, irritant-type symptoms that

are tolerated without affecting the usual functional activities of the patient. They do not
require specific medical intervention but only the discontinuation of product use. Moderate
adverse events include moderate symptoms that might cause some discomfort or interference
with the usual functional activities but do not cause any concern for the patient’s overall
safety. They usually improve by simple therapeutic measures. Severe adverse events include
severe symptoms that interrupt the patient’s usual functional activities but are not life-
threatening. They generally require immediate medical intervention or hospitalization [106].
It is important to note that the terms “serious” and “severe” are not synonymous and should
not be used interchangeably. The term “severe” is used to describe the intensity (severity) of
a specific event; the event itself, however, might be of relatively mild medical seriousness in
terms of its outcome. An example of such severe but non-serious medical events is severe
headache.

Adverse events can be further categorized according to the onset and expectedness of
symptoms, as well as their causal relationship (causality) with the medical product.
According to the onset of symptoms, adverse events are characterized as acute (<1 h),
subacute (1-24 h), or delayed (>1 day to several weeks) [107]. Depending on whether

the specific adverse events were previously observed with the use of the medical product,
or if their type and severity are consistent with information provided in the product’s
labeling information, these can be characterized as expected or unexpected [105]. Based on
the degree of certainty about the causal relationship between the exposure to the medical
product and the observed event, adverse events can be classified as: definitely, probably,
possibly, unlikely or unrelated to the medical product [105].

Safety of pediatric contrast-enhanced ultrasound studies with intravenous

administration of ultrasound contrast agents

Description of the safety studies

Many original research studies with the intravenous use of UCAs have been reported in
children. These studies were conducted either with pediatric-only cohorts or with mixed
adult and pediatric cohorts. To estimate the prevalence of adverse events reported in
published pediatric studies, we performed a literature search in the National Library of
Medicine’s PubMed database to identify all original research studies that were conducted
with the intravenous use of the second-generation UCAs SonoVue/Lumason, Optison or
Definity in the pediatric population (age <18 years) and published in English. We excluded
studies with mixed pediatric and adult populations if they lacked appropriate subgroup
analysis by age that could allow summarization of safety data in children. We also excluded
pediatric review articles from our analysis. Although they describe the pediatric population
and include relevant figures, they lack total reported numbers and therefore cannot be used
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for calculations. For each of the pediatric-only original research CEUS studies included in
our analysis, we recorded the total number of children who underwent CEUS examinations
and the total number of CEUS examinations. The total number of UCA injections performed
was not consistently reported in all studies so we did not include this in our analysis.

We documented the presence and type of reported adverse events, as well as the onset

of symptoms in relation to the intravenous UCA administration. As of August 2021, we
identified 57 studies: 12 prospective [7, 10, 24, 25, 34-36, 56—60], 22 retrospective [8, 9,
11-22, 26, 28-33, 61], 19 case reports (7<5 children) [37-55], 1 registry [5], 1 survey [6]
and 2 studies of indeterminate design [23, 27]. The cumulative number of children included
was 4,518 and the total number of CEUS examinations performed was 4,906.

Among the 57 studies, 51 were conducted with Sono-Vue/Lumason (7 prospective, 21
retrospective, 19 case reports, 1 registry, 1 survey and 2 of indeterminate design) and
included a total of 4,306 children who underwent 4,533 CEUS examinations [5-55]. Of
the remaining studies, 5 were conducted with Optison (all prospective) with a total of

96 children enrolled and 251 CEUS examinations performed [56-60], and 1 retrospective
study was conducted in a pediatric population with the intravenous use of Definity [61].
The last study included a total of 113 children and CEUS examinations [61]. In addition,
two prospective studies that used intravenous Optison included a subset of 3 children who
underwent 9 CEUS examinations with Definity [56, 57].

ultrasound contrast agent safety evaluation protocols

Different methods for performing safety evaluations during intravenous administration of
UCAs have been applied and reported in the published pediatric CEUS studies. Clinical
studies can be classified into five major categories according to how safety was monitored.
Here we describe these categories and the number of studies and children included in each.
The first category includes studies with monitoring of vital signs (e.g., heart rate, blood
pressure, oxygen saturation) for detection of acute adverse events and a follow-up protocol
for delayed adverse events (e.g., interview, review of medical records). These criteria were
met by 12 studies that included 693 children and 878 intravenous CEUS examinations

[7, 10, 12, 24, 25, 29, 35, 56-60]. The second category includes studies with clinical
observations within the department for acute adverse events and review of medical records
for delayed adverse events. These criteria were met by 6 studies that included 483 children
and 500 intravenous CEUS examinations [8, 13, 16, 17, 20, 31]. The third category of
studies included review of medical records for acute and delayed adverse events. These
criteria were met by 2 studies that included 296 children and 400 intravenous CEUS studies
[9, 61]. The fourth category of studies commented on the presence or absence of adverse
events but without specifically defining the safety methodology applied. These criteria were
met by 12 studies that included 2,885 children and 2,912 intravenous CEUS studies [5, 6,
14, 15, 18, 19, 23, 26, 27, 32, 33, 54]. Finally, the fifth category of studies did not comment
on the presence or absence of adverse events. These criteria were met by 25 studies that
included 161 children and 216 intravenous CEUS exams [11, 21, 22, 28, 30, 34, 36-53, 55].

As mentioned, 12 studies included comprehensive safety evaluations with monitoring of
vital signs. Eleven of these 12 studies presented a comprehensive protocol describing how
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safety evaluations were performed and 1 study reported that monitoring was performed

in an intensive care unit. Seven of these studies were performed with the use of SonoVue/
Lunrason [7, 10, 12, 24, 25, 29, 35] and 5 with Optison [56—60]. The largest prospective
pediatric study focusing exclusively on the safety of SonoVue came from China and
comprised 312 pediatric patients who in total received 600 intravenous injections of
SonoVue, including children under anesthesia or sedation [7]. Safety evaluations included
vital signs monitoring during or shortly after CEUS scan and follow-up evaluations.

Vital signs (heart rate, respiratory rate, oxygen saturation and blood pressure) were
recorded at three distinct time intervals: before UCA administration, immediately after
UCA administration, and 15 min later. The follow-up observations also included vital sign
monitoring and were performed 24 h and 72 h after CEUS. The second largest prospective
pediatric safety study came from Poland and included 137 children who underwent 161
CEUS examinations with intravenous SonoVue [10]. This study described a detailed plan
for monitoring adverse events, including completion of a safety questionnaire by a parent/
guardian 1 day before the scheduled examination. The questionnaire provided information
on sensitivity to drugs and blood products, high blood pressure episodes, heart surgery and
pregnancy status (in older girls). During CEUS exams, vital signs (blood pressure, heart
rate, oxygen saturation and electrocardiogram) were monitored and recorded for the duration
of the examination and 30 min after its completion. In addition, a follow-up US scan was
performed 30 min after UCA administration to determine the presence of residual UCA
microbubbles in previously examined regions or large vessels (aorta, inferior vena cava,
pulmonary vein). Four other smaller pediatric studies with intravenous administration of
SonoVue included detailed protocols for safety evaluations; two of these studies came from
Italy and two from the United States [12, 24, 29, 35]. One included recording of vital

signs (blood pressure, heart and respiratory rates, and percentage of oxygen saturation in
the blood) and biochemical liver and kidney laboratory tests (transaminase and creatinine
levels) [24]. In another study the same vital signs were recorded for 24 h as well as liver
and kidney laboratory tests [12]. The third study included recording of the vital signs
(heart rate, blood pressure and oxygen saturation) before UCA injection and during a 30
min post-injection observation period, as well as a telephone interview 24 h and 1 week
after examination [35]. The fourth study performed with the intravenous use of SonoVue
exclusively included neonates and infants. Although it did not describe a detailed monitoring
plan, it did mention that close monitoring after the examinations was performed in the
intensive care unit [29]. Recently, a study was conducted in the United States comprising a
small cohort of neonates in the intensive care unit who underwent intravenous CEUS with
Lumason, including neonates with congenital heart disease and/or a right-to-left vascular
shunt [25]. In this study, neonates were observed for evidence of hypersensitivity reactions.
In addition, vital signs (oxygen saturation, respiratory rate and continuous cardiac rate and
rhythm) were monitored prior to, during and for 30 min following the CEUS examination,
using pulse oximeter and cutaneous leads [25].

Similar comprehensive safety monitoring plans were reported in three studies with the
intravenous use of Optison, all performed at the same institution in the United States [56,
57, 59]. Two of these studies were conducted under FDA approval of an Investigational
New Drug Application (IND) [57, 59]. In these studies, the children underwent continuous
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electrocardiogram (ECG) monitoring during CEUS. Within 5 min after the injection, an
ECG rhythm strip was printed and later interpreted by a cardiologist, and a 12-lead ECG was
performed within 4 h after CEUS. Oxygen saturation was continuously monitored by pulse
oximetry during UCA injection and for 30 min after CEUS. Blood pressure and heart and
respiratory rates were recorded 1 min and 5 min after UCA injection and 30 min after CEUS
exam. The children/guardians were interviewed immediately after each CEUS examination
and again 24-48 h later to identify any immediate or delayed adverse effects that could be
attributed to the UCA. Focused neurologic examination was performed within 30 min to 2

h after CEUS. The heart and lungs were auscultated 30 min after CEUS. In some children,
fundoscopy was performed before and within 24 h after CEUS [56, 59].

Implementation of a comprehensive methodology for safety data collection in clinical
studies is essential to accurately assess and adequately characterize the risks of any medical
product, including UCAs. This was particularly important during the early stages of CEUS
applications in children in order to determine that it could be used safely. However,
following FDA pediatric approvals, a selective approach for safety data collection might

be adequate and appropriate [108]. The FDA acknowledges the rationale for more selective
post-approval safety surveillance when the drug’s safety profile is established to the extent
that it is reasonable to conclude that the occurrence of common, non-serious adverse events
in the population to be studied will be similar to rates observed in previously conducted
clinical investigations [108]. This approach aims to maintain a balance between collecting
data that will not be useful and collecting sufficient data to allow adequate characterization
of the safety profile of a drug without compromising the welfare of study participants and
the integrity and validity of safety data [108].

Adverse events with intravenous administration of ultrasound contrast agents

Serious adverse events—A total of 57 studies reported 4,906 intravenous CEUS
examinations in 4,518 children. Serious adverse events were reported in 10 children who
received intravenous SonoVue/Lumason: 5 were anaphylactic or severe hypersensitivity
reactions [5, 6, 10]; 3 were acute episodes of hypotension (with or without any other
symptoms) [7]; 1 was an episode of severe arterial hypotension, flushing and emesis that
was not further characterized by the authors (we concluded that this was an anaphylactic/
hypersensitivity reaction based on the symptoms) [13]; and 1 was an indeterminate severe
adverse reaction (personal communication within a study, but the authors did not provide
any further information) [17]. No serious adverse events in children were reported in 96 and
116 children who underwent intravenous CEUS with Optison and Definity, respectively.

Tables 1, 2 and 3 [5-61] present the original research CEUS studies that were performed
with the intravenous administration of SonoVue/Lumason, Optison and Definity in pediatric-
only cohorts up to August 2021. For each referenced study, we report the total number of
CEUS exams performed per child, the total number of children who underwent intravenous
CEUS exams and the number of children who experienced adverse events.

The fact that most of these reactions were anaphylactic or severe hypersensitivity reactions
warrants a brief discussion of hypersensitivity and anaphylaxis before reviewing descriptions
of specific events in the CEUS studies.
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“Hypersensitivity” is a broad term that is defined as objectively reproducible symptoms or
signs, initiated by exposure to a defined stimulus at a dose tolerated by normal subjects

and may be caused by immunologic (allergic) and non-immunologic mechanisms [109].
The original Gell and Coombs classification categorizes hypersensitivity reactions into four
subtypes (I-1V) according to the type of immune response and the effector mechanism
responsible for cell and tissue injury: type I, immunoglobulin E (IgE) mediated; type II,
cytotoxic or immunoglobulin G/immunoglobulin M (IgG/IgM) mediated; type 111, 1gG/IgM
immune complex mediated; and type 1V, delayed-type hypersensitivity or T cell mediated.
The first three types are considered immediate-onset hypersensitivity reactions because
they occur within 24 h, and the fourth type is considered a late-onset hypersensitivity
reaction. The most serious form of immediate-onset hypersensitivity reaction is anaphylaxis.
“Anaphylaxis,” or anaphylactic reaction, is a medical emergency and is defined as a serious
and potentially life-threatening systemic or hypersensitivity reaction with sudden onset of
symptoms and signs after exposure to a provoking agent; it can affect multiple organ
systems. Its signs and symptoms can occur alone or in combination, within minutes or

up to several hours after exposure to an agent. It is important to note that according

to the definition from the World Allergy Organization, the correct term, “anaphylaxis,”

is preferred to terms such as allergic reaction, acute allergic reaction, systemic allergic
reaction, acute IgE-mediated reaction, anaphylactoid reaction or pseudo-anaphylaxis [110].
The characteristic signs and symptoms of anaphylaxis are described next [111]. Pediatric
radiologists, sonographers and medical staff who participate in CEUS examinations should
be able to promptly recognize these symptoms and to perform specific actions for their
management:

a. skin, subcutaneous, and mucosal tissues (e.g., generalized rash, flushing, itching,
urticarial [hives], angioedema, swelling of lips, tongue, palate);

b. respiratory (e.g., congestion, rhinorrhea, sneezing, dry cough, hoarseness,
wheeze, chest tightness, bronchospasm, stridor, dyspnea, reduced peak
expiratory flow rate, hypoxemia);

c. cardiovascular (e.g., tachycardia, bradycardia [less common], other arrhythmias,
hypotension, hypotonia [collapse], dizziness, feeling faint, incontinence, cardiac
arrest);

d. central nervous system (e.g., uneasiness in infants and children, sudden

behavioral change, altered mental status, dizziness, confusion, headache); and
e. gastrointestinal (e.g., metallic taste, stomach cramping, vomiting, diarrhea).

Low systolic blood pressure for children is defined as less than 70 mmHg in children ages 1
month to 1 year, less than 70 mmHg + (2 x age) in children age 1-10 years, and less than

90 mmHg in those 11-17 years. Normal heart rate ranges 80-140 beats per minute (bpm) at
ages 1-2 years, 80-120 bpm at age 3 years, and 70-115 bpm after age 3 years. Infants are
more likely to have respiratory compromise than hypotension or shock, and in this age group
shock is more likely to manifest initially by tachycardia than by hypotension [111].
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Details of reported serious adverse events with intravenous use of ultrasound
contrast agents—In the 2012 European survey, questionnaires related to pediatric CEUS
use were distributed to potential users of CEUS in Europe [6]. A total of 948 intravenous
CEUS examinations were performed in 30 different centers. The analyzed data of the survey
did not report any serious adverse events from the intravenous use of UCAs. However, one
severe anaphylactic reaction was reported in datasets that were incomplete or mixed with
adult applications. This adverse event occurred in an adolescent girl with an oncological
condition and multiple known allergies and required resuscitation. This adverse event was
not used for further analysis by the authors of the survey and therefore is not included in
Table 1 of the safety analysis summary reported here. However, we included this case in the
calculation of the overall adverse event rates.

Three presumably serious adverse events were reported from the largest single-center
prospective study in China, which included a total of 312 children who underwent 600
intravenous injections of SonoVue [7]. All three children had hypotension — one as an
isolated symptom, one associated with cough and one in combination with rash/tachycardia.
While the authors did not specify the severity of these three adverse events, they stated

that these adverse events required anti-shock therapy. Therefore, in our analysis we deemed
them serious adverse events. The details of these three adverse events are as follows:

a 13.3-year-old boy developed a rash on the face, chest and abdomen, tachycardia (148
bpm) and hypotension (66/34 mmHg); a 6.3-year-old boy developed continuous cough and
hypotension (53/17 mmHg); and a 3-year-old girl had hypotension (78/47 mmHg). These
events occurred immediately after contrast administration and we therefore considered
them acute. The first child required administration of dexamethasone, methylprednisolone,
calcium gluconate and adrenaline, whereas the latter two received methylprednisolone. In all
three cases, symptoms completely resolved.

One case of anaphylaxis was described in a large prospective study from Gdansk, Poland,
that evaluated the safety of SonoVue in children [10]. This was the case of an 11-year-old
girl with metastatic gastrointestinal stromal tumor of the stomach wall who experienced
severe, potentially life-threatening anaphylactic shock. Forty-three seconds after intravenous
administration of SonoVue, the girl developed generalized pruritus, nausea, hypotension
(systolic blood pressure <70 mmHg) and tachycardia (up to 200 bpm). One minute later,

she experienced bradycardia (up to 45 bpm) and desaturation (0,<60%). CEUS examination
was immediately discontinued and treatment was initiated with intravenous epinephrine,
fluids (0.9% sodium chloride) and oxygen. All symptoms resolved 2 h later.

Another case of a severe adverse reaction was included as an addendum at the end of

a study from Erlangen, Germany [13]. This occurred in another 11-year-old girl who
received intravenous administration of SonoVue. The girl developed arterial hypotension,
flush and emesis and required short-term inpatient monitoring and treatment with steroids,
anti-histamines and fluids.

Two cases of severe adverse reaction were quoted in a study as part of the author’s personal
communication with authors from other institutions [17]. The study itself presented the
single-center experience from SonoVue use in children. No serious adverse events occurred
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at this specific center. However, the author discussed two cases of severe adverse events

that occurred at two European centers other than the author’s own institution. The first case,
from Halle (Saale), Germany, does not seem to have been previously published and therefore
is included in our safety analysis. In the second case of severe anaphylactic reaction, the
location identifier seems to match with the case from Gdansk, Poland, that was previously
published and already included in our safety review. In both of these cases, no further
descriptive information regarding the type, presentation or management of adverse events
was provided by the author.

The pediatric registry of EFSUMB reported 4 severe hypersensitivity reactions out of
1,676 children who underwent intravenous CEUS with SonoVue [5]. All reactions were
acute and occurred within the first 3 min (ranging 43-180 s) following intravenous
administration of SonoVue. Although the authors did not explicitly comment on the
seriousness of the adverse events, given the detailed description of the symptoms and
subsequent management we deduced that these four severe adverse events were also serious.
Specifically, an 11-year-old girl developed symptoms of pruritus, nausea, hypotension,
tachycardia/bradycardia, decreased oxygen saturation (60%) and loss of consciousness.
Her symptoms resolved following intravenous administration of epinephrine, oxygen and
crystalloid fluid bolus. In this case, the child’s demographics, presenting symptoms and
management seem to match with those described in the case from Gdansk, Poland. This
child is thought to be described in three different CEUS studies that were included in

our analysis; however, we only counted her one time [5, 10, 17]. The second severe
hypersensitivity reaction in the EFSUMB registry occurred in a 4-year-old boy who
developed widespread urticaria and cardiovascular collapse with loss of consciousness. He
required adrenaline, chlorpheniramine, hydrocortisone, crystalloid fluid bolus and oxygen
followed by intubation. A third case was in a 16-year-old boy who developed symptoms
3 min after SonoVue administration, including pain in the left upper quadrant, cold

sweat, decreased oxygen saturation (89%) and inability to communicate but without loss
of consciousness. His symptoms resolved following administration of crystalloid fluid,
cortisone, oxygen, lorazepam and piritramide. The fourth case was in an 11-year-old

girl who experienced a burning sensation of the airways, redness (the area of redness

was not specified by the authors), nausea, vomiting, bradycardia/tachycardia, hypotension
and decreased oxygen saturation (90%). Symptoms resolved with crystalloid fluid and
intravenous administration of prednisolone and dimetindene [5].

With the caveats described here, in the published pediatric-only CEUS studies included in
our analysis, the overall incidence rate of serious adverse events is 0.22% (10/4,518) of
children and 0.20% (10/4,906) of all CEUS examinations.

We highlighted the children with severe adverse events who appear to have been included

in the analysis of more than one publication. We also acknowledge that there is possible
duplication in the number of children/CEUS exams reported in studies that were conducted
by the same groups/institutions, as well as possible overlap in the number of children/CEUS
exams that were reported in the two cumulative safety reviews (European CEUS survey and
EFSUMB registry) and in the original published reports.
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It is also important to note that from these published data we calculated the incidence of
adverse events based on the total number of evaluable children and CEUS examinations
performed per child. Several studies enrolled larger cohorts of children who underwent
CEUS examinations, but not all of them were considered eligible for analysis by the authors
of these studies and therefore were subsequently excluded from those studies’ populations.
In addition, several studies reported that UCA injections were repeated during a single
CEUS examination and therefore the actual number of UCA injections is expected to be
larger than the reported number of children and CEUS examinations. Thus, the incidence of
adverse events per number of injections is expected to be lower than what we reported.

Details of reported non-serious adverse events with intravenous use of
ultrasound contrast agents—A total of 54 children reportedly had 76 non-serious
adverse events following intravenous CEUS: 31 children with 47 events following SonoVue/
Lumason [5-8, 13, 17, 26, 35]; 10 children with 14 events following Optison [56-59]; and
13 children with 15 events following Definity [61].

The 47 non-serious adverse events that were reported with SonoVue/Lumason were: skin
reactions (/=15) (3 rash, 2 focal or multifocal areas of skin redness, 2 flushed face, 2
urticarial rash, 2 indeterminate skin reaction, 1 generalized skin flush, 1 single wheal,

1 erythema, 1 livid skin spots); taste alteration (/7=4) (3 strange taste, 1 strong metallic
taste); nausea (/7=3); abdominal/stomach pain (n7=3); tachycardia (/7=2); hypotension (/=2);
hyperventilation before or after the injection (7=2); stupor-like reaction (/7=2); shortness of
breath (/7=1); dizziness (/7=1); chest pain (/#=1); fatigue (/=1); headache (/=1); hypertension
(m=1); vomiting (/7=1); chills (#=1); conjunctival injection (/=1); and cough (/=1) [5-8,
10, 13, 17, 26, 35]. Here we included an adverse event (urticaria) in an adolescent that

was included in the European pediatric CEUS survey, despite not being part of this study’s
analyzed population [6]. The seriousness of this event was not specified, and therefore

is indeterminate, though we assume that it was a non-serious adverse event. Of these 47
events, four were subacute: one case of headache was described 1 h after an intravenous
CEUS study [35], one case of transient tachycardia with mild hypotension 4 h later, and
one case of transient hypertension 1 h after the end of a CEUS examination [35]. All other
adverse events appeared during or immediately after the intravenous injection and resolved
by themselves without any medication required.

The 14 non-serious adverse events reported with Optison in 10 children included brief taste
alteration (/7=7), transient headache (/=3), mild transient tinnitus (/=2) and lightheadedness
(r=2) [56-59]. All these events were acute.

The 15 non-serious adverse events that were reported with Definity in 13 children included
chest pain (7=7), fatigue (/7=3), back pain (7=1), neck pain (/=1), dizziness (7=1), headache
(m=1) and shortness of breath (/7=1) [61]. All of these were acute and occurred during the
scan.

The overall incidence rate of non-serious adverse events in the published studies was
1.20% (54/4,518) of children and 1.10% (54/4,906) of CEUS examinations, including the 1
additional case of urticaria that was stated within the European survey [6].
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Tables 4, 5 and 6 present all adverse events reported in pediatric-only original research
CEUS studies with the intravenous use of SonoVue/Lumason, Optison and Definity,
respectively, stratified by seriousness, acuity and frequency of incidence [5, 6, 10, 13, 17,
57].

Safety of pediatric contrast-enhanced voiding urosonography studies with

intravesical administration of ultrasound contrast agents

Intravesical ultrasound contrast agent safety evaluation protocols

We performed a literature search in the National Library of Medicine’s PubMed database
to identify all original research studies that were conducted with the intravesical use of
the second-generation UCAs SonoVue/Lumason, Optison and Definity in the pediatric
population (ages <18 years) and published in English. We excluded studies with mixed
pediatric and adult populations if they lacked appropriate subgroup analysis by age that
could allow summarization of safety data in children. For each study included in our
analysis, we recorded the total number of children who underwent contrast-enhanced
voiding urosonography (ceVUS) examinations and the adverse events reported in these
studies.

As of August 2021, 31 studies examined the intravesical use of second-generation UCAS
in children, including a total of 12,362 children. Of these, 28 studies were carried out with
SonoVue/Lumason encompassing 12,327 children [6, 62-85, 87, 88, 90]; the remaining 3
studies used Optison in a total of 35 children [86, 89, 91]. There were no reported studies
with the intravesical use of Definity.

Of these studies, two included comprehensive safety evaluation protocols aiming to detect
the adverse events related to the intravesical use of UCAs [63, 86]. The first study was
conducted with SonoVue [63]. A total of 1,010 children were observed during ceVUS for
signs of localized or generalized anaphylactic reaction (perineal skin or mucosal tissue
reaction, any pathological discharge from the urethra, vagina or rectum). In addition, vital
signs were measured by a dedicated physician assistant during the examination, including
pulse rate by palpation of the radial artery and respiratory rate by counting breath frequency.
Measurements were repeated every 15 min for 1 h after completion of the study. Body
temperature was also measured at the end of the examination and 1 h later. One week

after the ceVUS examination, the same pediatric radiologist who performed the ceVUS
examinations contacted all parents/guardians by phone to ask about the presence of any
delayed adverse events. Urinalysis and culture test were performed in any child reported to
have any adverse event.

The second study was performed with the intravesical use of Optison and was conducted
under FDA approval of an Investigational New Drug Application (IND) [86]. Safety
assessments were performed at baseline, during and immediately after each ceVUS and
fluoroscopic voiding cystoure-thrography (VCUG) examination, and during a follow-up
telephone interview with the parents/guardians. Assessments included evaluation of body
systems for signs of localized or generalized anaphylactic reactions, monitoring of heart
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rate and pulse oxygen saturation, and telephone questionnaire-based interview of parents/
guardians and children 48 h after the examinations to evaluate for delayed adverse events.
The remaining studies in this group of intravesical UCA publications did not describe a
specific safety evaluation protocol for adverse events monitoring; however, the majority of
them did comment on the presence or absence of adverse events.

Adverse events with intravesical administration of ultrasound contrast agents

Among the 12,362 children who underwent ceVVUS examination, there were no cases of
serious adverse events from the intravesical use of SonoVue/Lumason or Optison. A total

of 38 non-serious adverse events were reported in two studies, i.e. 0.31% (38/12,362)

of the total population [63, 86]. These non-serious adverse events were: dysuria (7=27),
urinary retention (/7=2), non-specific transient abdominal pain/discomfort (/7=2), anxiety
during micturition (/7=1), crying during micturition (/=1), blood and mucous discharge
(m=1), increased frequency of micturition (/7=1), vomiting (/#=1), perineal irritation and
discomfort (7=1) and urinary infection (7=1). All symptoms were subacute in onset, self-
limited and required no further consultation or hospitalization. The authors of these studies
concluded that the adverse events were likely caused by the discomfort of the minimally
invasive procedure of bladder catheterization itself as well as its psychological impact on the
children, rather than the contrast agent used. This was thought to be the case because similar
adverse events were previously described with voiding cystourethrography and radionuclide
studies that included bladder catheterization [112]. Table 7 presents the pediatric-only
original research studies performed with the intravesical use of SonoVue/Lumason and
Optison [6, 62—-91]. For each referenced study, we present the total number of ceVUS exams
performed and the number of adverse events. Table 8 presents the types of all adverse events
that have been reported in pediatric ceVUS studies with the use of the second-generation
UCAs.

Safety of pediatric contrast-enhanced ultrasound for other uses of

ultrasound contrast agents

In addition to the well-established intravenous and intravesical uses of UCAs in children,
other applications have been increasingly reported and are mainly intracavitary (e.g.,
genitosonography, nephrosonography, fistulography) and intralymphatic (e.g., to assess
patency of thoracic duct) or interventional uses. In total, five studies have been performed
with the intracavitary (other than intravesical) and two with the intralymphatic use of UCAs,
encompassing 19 children [92-98]. In these limited cumulative cohorts, no adverse events
have been reported.

Current contraindications of ultrasound contrast agents

There are very few rare situations in which the use of UCA is definitively contraindicated
in adults and children. These are more likely related to the specific chemical composition of
each of the UCAs and are listed in the respective package inserts.
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Prior to April 2021, the package labels indicated that contraindications to the use of UCAs
included hypersensitivity to active or inactive ingredients. In April 2021, the FDA requested
the revision of the package labeling for Lumason and Definity to explicitly state that these
UCAs are contraindicated in people with known or suspected polyethylene glycol (PEG)
allergy. PEGs are a group of polyether compounds with various molecular weights that can
be found as active or inactive ingredients in many medical, cosmetic, household, industrial
and food products. PEGs are active ingredients in some bowel preparations and laxatives.
PEGs are inactive in the shell of Lumason/SonoVue and Definity.

This recent FDA alert followed the review of safety data reported during a post-approval
surveillance over a 10-year period. The agency cited 11 hypersensitivity reactions and two
deaths related to the administration of UCAs in people with a reported history of PEG
allergy [113, 114]. A literature review spanning 1977 to 2016 identified 37 people with
immediate-type PEG hypersensitivity, where 28 (76%) met criteria for anaphylaxis [115]. A
second series published in 2021 added 5 people to this total [116].

At the present time, documented allergy to PEG is rare and might depend on the amount
and molecular weight of the PEG. Hypersensitivity reactions can be serious and severe and
can even occur in people who have not previously received medications containing PEGs.
This might be attributed to the common use of PEGs in many everyday household products.
Some patients and families might be unaware of personal existing sensitivities, so known
allergies should be reviewed, including allergies to bowel preparations.

In the pediatric CEUS literature, one case of severe anaphylactic reaction in a 4-year-old
following intravenous administration of SonoVue was proved to be caused by the child’s
sensitivity to PEG, according to the reporting authors [5].

Following the label revision of Definity and Lumason, both the International Contrast
Ultrasound Society (ICUS) and the American Society of Echocardiography issued
statements reaffirming the safety of UCAs and noting the benefits of CEUS, the rarity

of PEG allergy, and the vigilance on the part of CEUS practitioners to screen for allergies
and to recognize and treat reactions if they occur, emphasizing the importance of having
emergency medications readily available when contrast agents are administered [113, 117].

Table 9 presents the contraindications for each of the UCAs used in children [118-120]. The
presence of cardiac shunts (right-to-left, bi-directional, transient right-to-left) was formerly
a contraindication for all second-generation UCAS. The rationale for this contraindication
was based on the theoretical potential that the UCA microbubbles could pass via the shunt
from the venous system directly into the arterial system without filtration by the pulmonary
capillary bed, increasing the risk for potential arteriolar ischemic or cerebral neurovascular
events [102]. This hypothetical risk was based on limited research data from animal

models and the false assumption that UCAs have similar properties to macroaggregated
albumin microspheres, a radioactive nuclear imaging agent that contains a section in the
package insert recommending caution if used in detecting a cardiac shunt, but it is not
contraindicated. Since the time that the shunt contraindication appeared in the UCA label,
an exhaustive review of the literature has demonstrated the lack of scientific basis for this
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contraindication, supporting the safe use of UCAS in routine practice. In 2016 the FDA
removed the cardiac shunt contraindication from all UCA labels. Further information on the
cardiac shunt issue can be found in another article of this supplement [121].

The United States Food and Drug Administration black box warning for
ultrasound contrast agents

In 2007, the FDA mandated a black box warning on the package insert of approved

UCAs in the United States. This black box warning described the possibility of serious
cardiopulmonary reactions, including fatalities, following the use of the any of the UCAs.

A black box warning (or boxed warning) is the strictest labeling requirement that the FDA
can issue for medical products. It aims to alert the public and health care providers regarding
the possibility of serious adverse reactions associated with the use of that product, including
serious injury or death. While black box warnings are an important tool for informing

the public and can decrease use of medical products in high-risk populations, they can

also discourage the use of medical products in people who would benefit from them. The
boxed warning for UCAs was issued in response to spontaneous reports of a small number
of serious adverse events that occurred in adults after UCA administration in the early

years of its introduction. However, the reported serious adverse events were not definitively
attributed to UCASs, and some were later ascribed to underlying medical conditions or

other medication. Since the issue of the black box warning, cumulative relevant scientific
literature continues to show that UCAs have a very safe profile. Currently there is an
ongoing citizen petition initiative from the ICUS for the removal of the boxed warnings from
the UCA product labels. A more detailed discussion of this topic can be found in another
article of this supplement [121].

Code cart for the performance of intravenous contrast-enhanced
ultrasound examinations

Because serious adverse events such as anaphylaxis can occur, predominantly during
intravenous CEUS, pediatric radiologists and US staff involved in CEUS examinations
should be alert and prepared for immediate recognition and treatment. To facilitate
immediate management of an emergency code, the presence of a resuscitation cart should be
mandatory in or in the vicinity of the US units in which CEUS examinations are performed.

Bioeffects of ultrasound contrast agents

The focus of this review is on the clinical safety of using UCAs. However, it is important

to remember that micro-scale bioeffects might result from the interaction between US waves
and microbubbles. Bioeffects observed in research settings with small-animal models vary
from destabilization of the molecular properties of cells and tissues (change in tensile
strength or shape) to cellular erosion or lysis, and the formation of free radicals [122].

The most commonly described bioeffect is cavitation, which refers to the destruction of the
gas bubbles within the US field. Within biological tissues, gas bodies serve as potential
cavitation nuclei. In the absence of an acoustic wave or other mechanical stress, these gas
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bodies eventually dissolve. But under the influence of a US wave, a spectrum of events takes
place, known as gas body activation phenomena [122-125]. These occur in proportion to the
acoustic pressure of the transmitted US wave.

If the transmitted US wave is of low acoustic power (<100 kPa), microbubbles undergo
linear volumetric oscillations with symmetrical expansion and contraction phases. Acoustic
pressures within this range allow the microbubbles to remain intact and no significant
bioeffects occur. As the acoustic power increases (100 kPa to 1 MPa), the microbubbles
begin to oscillate in a non-linear fashion. When the acoustic pressure reaches relatively
high values, a violent expansion and collapse of the gas bubbles is observed, known as
inertial cavitation [125]. Inertial cavitation is associated with fluid jets, localized heating,
and release of free radicals that accompanies gas body destruction and can damage nearby
biological cells and structures [124].

Most in vivo research on microbubble bioeffects has been conducted in small animals

such as mice or rats and has focused mostly on skeletal or cardiac muscle. This

research has attempted to measure the observable microvascular damage as a result of

gas body destruction within the vascular bed, including microvascular leakage, petechiae,
cardiomyocyte death, inflammatory cell infiltration and premature ventricular contractions
[126-130]. The major conclusions of these studies in small animals can be summarized

as follows: (1) UCA type: In vivo detectable microvascular injury in small animals might
occur with any gas-containing UCA. No observable differences could be identified among
different UCAs [128]. (2) UCA dose: For the clinically relevant low dose of UCA in small-
animal studies (approximating a standard human dose), the microvascular damage potential
as expressed by petechiae and capillary leakage is proportional to the UCA dose. That
means that in low doses, the number of observed petechiae increases in a linear correlation
with UCA dose. However, at higher doses, the petechiae number reaches a plateau, meaning
that the use of very high doses did not actually produce greater effects [126]. In addition,
researchers noticed that there were different dose—related types of observable damage for
the same volumes of injected UCA. This suggests that the microvascular damage potential
is likely related to the actual number of contained microbubbles within the injected volume,
rather than the UCA exact dose [128]. (3) Scanning method: The use of high mechanical
index (MI) values (>0.8) results in rapid gas body destruction, while use of low MI values
(<0.2) is related to minimal gas body destruction [122]. In vivo animal research studies
demonstrated that inertial cavitation can occur if exposure conditions correspond to Ml
values greater than approximately 0.4, which therefore represents a theoretical threshold
[131]. However, when interpreting the results from in vivo animal research studies, it must
be noted that conditions in the human body are different from specialized conditions in
research settings. Therefore, direct translation of the results from animal models to human
body conditions is complex and remains the subject of active research.

Conclusion

This review article provides an overview of the safety regarding the applications of second-
generation UCAs in pediatric practice. Overall, adverse events from the intravenous use of
UCAs are rare. Among them, minor adverse events are reported more frequently, though
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serious adverse events also occur very rarely and present as anaphylactic reactions. Pediatric
radiologists and medical personnel who perform CEUS exams should be aware of the signs
and symptoms of these adverse events and be prepared to manage them. The presence of

a resuscitation cart should be mandatory in or near US units that perform CEUS studies.
Regarding the intravesical use of UCAs, a few minor adverse events have been reported,
which are attributed to the bladder catheterization process. Other uses of UCAs in children
are intracavitary (other than bladder), intravenous and intralymphatic applications. Although
a small number of children have been evaluated with these applications, no adverse events
have been reported. Overall, the use of UCAs in children is considered to be very well
tolerated. The high safety profile combined with all the added advantages of CEUS is a
driver for the wider application of UCAs in pediatric US.

Acknowledgments

Dr. Maciej Piskunowicz was supported by the Kosciuszko Foundation.

References

1. Piscaglia F, Bolondi L (2006) The safety of Sonovue in abdominal applications: retrospective
analysis of 23,188 investigations. Ultrasound Med Biol 32:1369-1375 [PubMed: 16965977]

2. Tang C, Fang K, Guo Y et al. (2017) Safety of sulfur hexafluoride microbubbles in sonography of
abdominal and superficial organs: retrospective analysis of 30,222 cases. J Ultrasound Med 36:531—
538 [PubMed: 28072475]

3. Hu C, Feng Y, Huang P et al. (2019) Adverse reactions after the use of SonoVue contrast agent:
characteristics and nursing care experience. Medicine 98:e17745 [PubMed: 31689827]

4. European Medicines Agency (n.d.) SonoVue. Annex 1: summary of product characteristics, https://
www.ema.europa.eu/en/documents/product-information/sonovue-epar-product-information_en.pdf.
Accessed 29 Mar 2021

5. Dietrich CF, Augustiniene R, Batko T et al. (2021) European Federation of Societies for Ultrasound
in Medicine and Biology (EFSUMB): an update on the pediatric CEUS registry on behalf of the
“EFSUMB pediatric CEUS registry working group.” Ultrasound in Medicine and Biology 42:270—
277

6. Riccabona M (2012) Application of a second-generation US contrast agent in infants and children
— a European questionnaire-based survey. Pediatr Radiol 42:1471-1480 [PubMed: 23052725]

7. Mao M, Xia B, Chen W et al. (2019) The safety and effectiveness of intravenous contrast-enhanced
sonography in Chinese children — a single center and prospective study in China. Front Pharmacol
10:1447 [PubMed: 31866865]

8. Yusuf GT, Sellars ME, Deganello A et al. (2017) Retrospective analysis of the safety and cost
implications of pediatric contrast-enhanced ultrasound at a single center. AJR Am J Roentgenol
208:446-452 [PubMed: 27959665]

9. Torres A, Koskinen SK, Gjertsen H, Fischler B (2017) Contrast-enhanced ultrasound using sulfur
hexafluoride is safe in the pediatric setting. Acta Radiol 58:1395-1399 [PubMed: 28173725]

10. Piskunowicz M, Kosiak W, Batko T et al. (2015) Safety of intravenous application of second-
generation ultrasound contrast agent in children: prospective analysis. Ultrasound Med Biol
41:1095-1099 [PubMed: 25701526]

11. Torres A, Koskinen SK, Gjertsen H, Fischler B (2018) Contrast-enhanced ultrasound for
identifying circulatory complications after liver transplants in children. Pediatr Transplant
23:e13327 [PubMed: 30536767]

12. Menichini G, Sessa B, Trinci M et al. (2015) Accuracy of contrast-enhanced ultrasound (CEUS) in
the identification and characterization of traumatic solid organ lesions in children: a retrospective
comparison with baseline US and CE-MDCT. Radiol Med 120:989-1001 [PubMed: 25822953]

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.


https://www.ema.europa.eu/en/documents/product-information/sonovue-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/sonovue-epar-product-information_en.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ntoulia et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

Page 19

Knieling F, Strobel D, Rompel O et al. (2016) Spectrum, applicability and diagnostic capacity of
contrast-enhanced ultrasound in pediatric patients and young adults after intravenous application
— a retrospective trial. Ultraschall Med 37:619-626 [PubMed: 27300274]

Di Renzo D, Persico A, Lisi G et al. (2020) Contrast-enhanced ultrasonography (CEUS) in the
follow-up of pediatric abdominal injuries: value and timing. J Ultrasound 23:151-155 [PubMed:
31919814]

Pschierer K, Grothues D, Rennert J et al. (2015) Evaluation of the diagnostic accuracy of CEUS
in children with benign and malignant liver lesions and portal vein anomalies. Clin Hemorheol
Microcirc 61:333-345 [PubMed: 26444615]

Jacob J, Deganello A, Sellars ME et al. (2013) Contrast enhanced ultrasound (CEUS)
characterization of grey-scale sonographic indeterminate focal liver lesions in pediatric practice.
Ultraschall Med 34:529-540 [PubMed: 24132647]

Stenzel M (2013) Intravenous contrast-enhanced sonography in children and adolescents — a
single center experience. J Ultrason 13:133-144 [PubMed: 26674117]

Torres A, Koskinen SK, Gjertsen H et al. (2021) Contrast-enhanced ultrasound is useful for the
evaluation of focal liver lesions in children. Australas J Ultrasound Med 24:143-150 [PubMed:
34765424]

Karmazyn B, Saglam D, Rao GS et al. (2021) Initial experience with contrast-enhanced ultrasound
in the first week after liver transplantation in children: a useful adjunct to Doppler ultrasound.
Pediatr Radiol 51:248-256 [PubMed: 32829424]

Jung HJ, Choi MH, Pai KS et al. (2020) Diagnostic performance of contrast-enhanced ultrasound
for acute pyelonephritis in children. Sci Rep 10:10715 [PubMed: 32612243]

Durkin N, Deganello A, Sellars ME et al. (2015) Post-traumatic liver and splenic pseudoaneurysms
in children: diagnosis, management, and follow-up screening using contrast enhanced ultrasound
(CEUS). J Pediatr Surg 51:289-292 [PubMed: 26656617]

Fang C, Bernardo S, Sellars ME et al. (2018) Contrast-enhanced ultrasound in the diagnosis of
pediatric focal nodular hyperplasia and hepatic adenoma: interobserver reliability. Pediatr Radiol
49:82-90 [PubMed: 30267165]

Bonini G, Pezzotta G, Morzenti C et al. (2007) Contrast-enhanced ultrasound with SonoVue in
the evaluation of post-operative complications in pediatric liver transplant recipients. J Ultrasound
10:99-106 [PubMed: 23396596]

Valentino M, Serra C, Pavlica P et al. (2008) Blunt abdominal trauma: diagnostic performance

of contrast-enhanced US in children — initial experience. Radiology 246:903-909 [PubMed:
18195385]

Squires JH, Beluk NH, Lee VK et al. (2021) Feasibility and safety of neonatal brain contrast-
enhanced ultrasound: a prospective study using MRI as reference standard. AJR Am J Roentgenol.
10.2214/AJR.21.26274

Ponorac S, Gosnak RD, Urlep D et al. (2021) Contrast-enhanced ultrasonography in the evaluation
of Crohn disease activity in children: comparison with histopathology. Pediatr Radiol 51:410-418
[PubMed: 33411024]

Mudambi K, Sandberg J, Bass D, Rubesova E (2019) Contrast enhanced ultrasound: comparing

a novel modality to MRI to assess for bowel disease in pediatric Crohn’s patients. Transl
Gastroenterol Hepatol 5:13

Back SJ, Chauvin NA, Ntoulia A et al. (2019) Intraoperative contrast-enhanced ultrasound imaging
of femoral head perfusion in developmental dysplasia of the hip: a feasibility study. J Ultrasound
Med 39:247-257 [PubMed: 31334874]

Kastler A, Manzoni P, Chapuy S et al. (2014) Transfontanellar contrast enhanced ultrasound in
infants: initial experience. J Neuroradiol 41:251-258 [PubMed: 24388565]

Bowen DK, Back SJ, Van Batavia JP et al. (2020) Does contrast-enhanced ultrasound have a role
in evaluation and management of pediatric renal trauma? A preliminary experience. J Pediatr Surg
55:2740-2745 [PubMed: 32674845]

El-Ali AM, McCormick A, Thakrar D et al. (2020) Contrast-enhanced ultrasound of congenital and
infantile hemangiomas: preliminary results from a case series. AJR Am J Roentgenol 214:658-664
[PubMed: 31967502]

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ntoulia et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

Page 20

Deganello A, Rafailidis V, Sellars ME et al. (2017) Intravenous and intracavitary use of contrast-
enhanced ultrasound in the evaluation and management of complicated pediatric pneumonia. J
Ultrasound Med 36:1943-1954 [PubMed: 28626910]

Kapur J, Oscar H (2015) Contrast enhanced ultrasound of kidneys in children with renal failure. J
Med Ultrasound 23:86-97

Hwang M, Sridharan A, Darge K et al. (2019) Novel quantitative contrast-enhanced ultrasound
detection of hypoxic ischemic injury in neonates and infants: pilot study 1. J Ultrasound Med
38:2025-2038 [PubMed: 30560547]

Hains DS, Cohen HL, McCarville MB et al. (2017) Elucidation of renal scars in children with
vesicoureteral reflux using contrast-enhanced ultrasound: a pilot study. Kidney Int Rep 2:420-424
[PubMed: 29142969]

Sridharan A, Riggs B, Darge K et al. (2021) The wash-out of contrast-enhanced ultrasound for
evaluation of hypoxic ischemic injury in neonates and infants: preliminary findings. Ultrasound Q.
10.1097/RUQ.0000000000000560

Chan JP, Back SJ, Vatsky S et al. (2021) Utility of contrast-enhanced ultrasound for solid mass
surveillance and characterization in children with tuberous sclerosis complex: an initial experience.
Pediatr Nephrol 36:1775-1784 [PubMed: 33582872]

Svensson JF, Larsson A, Uusijarvi J et al. (2008) Oophoropexy, hyperbaric oxygen therapy, and
contrast-enhanced ultrasound after asynchronous bilateral ovarian torsion. J Pediatr Surg 43:1380-
1384 [PubMed: 18639702]

Rafailidis V, Deganello A, Sellars ME et al. (2017) Pediatric adrenal trauma: evaluation
and follow-up with contrast-enhanced ultrasound (CEUS). J Ultrasound 20:325-331 [PubMed:
29204237]

Oldenburg A, Hohmann J, Skrok J et al. (2004) Imaging of paediatric splenic injury with contrast-
enhanced ultrasonography. Pediatr Radiol 34:351-354 [PubMed: 14652701]

Glutig K, Alhussami I, Kruger PC et al. (2021) Case report: report of 2 different cases of ovarian
teratoma evaluated by dynamic contrast-enhanced ultrasound. Front Pediatr 9:681404 [PubMed:
34178898]

Thimm MA, Cuffari C, Garcia A et al. (2019) Contrast-enhanced ultrasound and shear
wave elastography evaluation of Crohn’s disease activity in three adolescent patients. Pediatr
Gastroenterol Hepatol Nutr 22:282-290 [PubMed: 31110961]

Hwang M, De Jong RM Jr, Herman S et al. (2018) Novel contrast-enhanced ultrasound evaluation
in neonatal hypoxic ischemic injury: clinical application and future directions. J Ultrasound Med
36:2379-2386

Luo XL, Liu D, Yang JJ et al. (2009) Primary gastrointestinal stromal tumor of the liver: a case
report. World J Gastroenterol 15:3704-3707 [PubMed: 19653356]

Kljucevsek D, Glusic M, Velikonja O (2021) Clinical value of contrast-enhanced ultrasound in
atypical wilms tumor. Indian J Pediatr 88:517-518 [PubMed: 33651306]

Sekej M, Vadnjal Donlagic S, Kljucevsek D (2020) Contrast-enhanced ultrasound for the
characterization of infantile hepatic hemangioma in premature neonate. Cureus 12:€9580
[PubMed: 32923186]

Trinci M, lanniello S, Galluzzo M et al. (2019) A rare case of accessory spleen torsion in a child
diagnosed by ultrasound (US) and contrast-enhanced ultrasound (CEUS). J Ultrasound 22:99-102
[PubMed: 30758809]

Lorenz N, Schuster F, Steinbach F et al. (2019) Segmental testicular infarction after
methamphetamine abuse in a 16-year-old — diagnosis by using contrast-enhanced ultrasound
(CEUS). Ultraschall Med 40:253-254 [PubMed: 30776833]

Hwang M, Riggs BJ, Saade-Lemus S et al. (2018) Bedside contrast-enhanced ultrasound
diagnosing cessation of cerebral circulation in a neonate: a novel bedside diagnostic tool.
Neuroradiol J 31:578-580 [PubMed: 30189812]

Piorkowska MA, Dezman R, Sellars ME et al. (2018) Characterization of a hepatic haemangioma
with contrast-enhanced ultrasound in an infant. Ultrasound 26:178-181 [PubMed: 30147742]
Aguirre Pascual E, Fontanilla T, Perez | et al. (2017) Wandering spleen torsion — use of contrast-
enhanced ultrasound. BJR Case Rep 3:20150342 [PubMed: 30363305]

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ntoulia et al.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Page 21

Al Bunni F, Deganello A, Sellars ME et al. (2014) Contrast-enhanced ultrasound (CEUS)
appearances of an adrenal phaeochromocytoma in a child with Von Hippel-Lindau disease. J
Ultrasound 17:307-311 [PubMed: 25368690]

Yusuf GT, Sellars ME, Huang DY et al. (2013) Cortical necrosis secondary to trauma in a child:
contrast-enhanced ultrasound comparable to magnetic resonance imaging. Pediatr Radiol 44:484—
487 [PubMed: 24337787]

Mandry D, Bressenot A, Galloy MA et al. (2007) Contrast-enhanced ultrasound in fibro-lamellar
hepatocellular carcinoma: a case report. Ultraschall Med 28:547-552 [PubMed: 18157744]

Valentino M, Galloni SS, Rimondi MR et al. (2006) Contrast-enhanced ultrasound in non-operative
management of pancreatic injury in childhood. Pediatr Radiol 36:558-560 [PubMed: 16601976]

Coleman JL, Navid F, Furman WL et al. (2014) Safety of ultrasound contrast agents in the
pediatric oncologic population: a single-institution experience. AJR Am J Roentgenol 202:966—
970 [PubMed: 24758648]

McCarville MB, Coleman JL, Guo J et al. (2016) Use of quantitative dynamic contrast-enhanced
ultrasound to assess response to antiangiogenic therapy in children and adolescents with solid
malignancies: a pilot study. AJR Am J Roentgenol 206:933-939 [PubMed: 26999488]

McMahon CJ, Ayres NA, Bezold L1 et al. (2005) Safety and efficacy of intravenous contrast
imaging in pediatric echocardiography. Pediatr Cardiol 26:413-417 [PubMed: 16374692]
McCarville MB, Kaste SC, Hoffer FA et al. (2012) Contrast-enhanced sonography of malignant
pediatric abdominal and pelvic solid tumors: preliminary safety and feasibility data. Pediatr Radiol
42:824-833 [PubMed: 22249601]

Armstrong LB, Mooney DP, Paltiel H et al. (2017) Contrast enhanced ultrasound for the evaluation
of blunt pediatric abdominal trauma. J Pediatr Surg 53:548-552 [PubMed: 28351519]

Kutty S, Xiao Y, Olson J et al. (2016) Safety and efficacy of cardiac ultrasound contrast in children
and adolescents for resting and stress echocardiography. J Am Soc Echocardiogr 29:655-662
[PubMed: 27049664]

Cvitkovic-Roic A, Turudic D, Milosevic D et al. (2021) Contrast-enhanced voiding urosonography
in the diagnosis of intrarenal reflux. J Ultrasound. 10.1007/s40477-021-00568-w

Papadopoulou F, Ntoulia A, Siomou E et al. (2014) Contrast-enhanced voiding urosonography
with intravesical administration of a second-generation ultrasound contrast agent for diagnosis of
vesicoureteral reflux: prospective evaluation of contrast safety in 1,010 children. Pediatr Radiol
44:719-728 [PubMed: 24442338]

Papadopoulou F, Anthopoulou A, Siomou E et al. (2009) Harmonic voiding urosonography with a
second-generation contrast agent for the diagnosis of vesicoureteral reflux. Pediatr Radiol 39:239-
244 [PubMed: 19096835]

Duran C, del Riego J, Riera L et al. (2012) Voiding urosonography including urethrosonography:
high-quality examinations with an optimised procedure using a second-generation US contrast
agent. Pediatr Radiol 42:660-667 [PubMed: 22580901]

Kis E, Nyitrai A, Varkonyi | et al. (2010) Voiding urosonography with second-generation contrast
agent versus voiding cystourethrography. Pediatr Nephrol 25:2289-2293 [PubMed: 20686902]
WozZniak MM, Osemlak P, Ntoulia A et al. (2018) 3D/4D contrast-enhanced urosonography
(ceVUS) in children — is it superior to the 2D technique? J Ultrason 18:120-125 [PubMed:
30335920]

Piskunowicz M, Swieton D, Rybczynska D et al. (2016) Premature destruction of microbubbles
during voiding urosonography in children and possible underlying mechanisms: post hoc analysis
from the prospective study. Biomed Res Int 2016:1764692 [PubMed: 27990422]

Battelino N, Kljucevsek D, Tomazic M et al. (2016) Vesicoureteral refux detection in children:

a comparison of the mid-line-to-orifice distance measurement by ultrasound and voiding
urosonography. Pediatr Nephrol 31:957-964 [PubMed: 26781473]

KljuCevsek D, Pecanac O, Tomazic M et al. (2019) Potential causes of insufficient bladder
contrast opacification and premature microbubble destruction during contrast-enhanced voiding
urosonography in children. J Clin Ultrasound 47:36-41 [PubMed: 30393874]

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ntoulia et al.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Page 22

Zhang W, Cai B, Zhang X et al. (2018) Contrast-enhanced voiding urosonography with intravesical
administration of ultrasound contrast agent for the diagnosis of pediatric vesicoureteral reflux. Exp
Ther Med 16:4546-4552 [PubMed: 30542403]

Ascenti G, Zimbaro G, Mazziotti S et al. (2004) Harmonic US imaging of vesicoureteric reflux
in children: usefulness of a second generation US contrast agent. Pediatr Radiol 34:481-487
[PubMed: 15107964]

Simicic Majce A, Arapovic A, Saraga-Babic M et al. (2021) Intra-renal reflux in the light of
contrast-enhanced voiding urosonography. Front Pediatr 9:642077 [PubMed: 33738272]

Wozniak MM, Wieczorek AP, Pawelec A et al. (2016) Two-dimensional (2D), three-dimensional
static (3D) and real-time (4D) contrast enhanced voiding urosonography (ceVUS) versus voiding
cystourethrography (VCUG) in children with vesicoureteral reflux. Eur J Radiol 85:1238-1245
[PubMed: 26597418]

Kljucevsek D, Battelino N, Tomazic M et al. (2012) A comparison of echo-enhanced voiding
urosonography with X-ray voiding cystourethrography in the first year of life. Acta Paediatr
101:e235-e239 [PubMed: 22211993]

Siomou E, Giapros V, Serbis A et al. (2020) Voiding urosonography and voiding
cystourethrography in primary vesicoureteral reflux associated with mild prenatal hydronephrosis:
a comparative study. Pediatr Radiol 50:1271-1276 [PubMed: 32638052]

Giordano M, Marzolla R, Puteo F et al. (2007) Voiding urosonography as first step in the diagnosis
of vesicoureteral reflux in children: a clinical experience. Pediatr Radiol 37:674-677 [PubMed:
17520246]

Fernandez-lbieta M, Parrondo-Muinos C, Fernandez-Masaguer LC et al. (2016) Voiding
urosonography with second-generation contrast as a main tool for examining the upper and lower
urinary tract in children. Pilot study. Actas Urol Esp 40:183-189 [PubMed: 26748842]

Velasquez M, Emerson MG, Diaz E et al. (2019) The learning curve of contrast-enhanced
‘microbubble’ voiding urosonography — validation study. J Pediatr Urol 15:385.e1-385.e6

Marschner CA, Schwarze V, Stredele R et al. (2021) Safety assessment and diagnostic evaluation
of patients undergoing contrast-enhanced urosonography in the setting of vesicoureteral reflux
confirmation. Clin Hemorheol Microcirc. 10.3233/CH-219110

Benya EC, Prendergast FM, Liu DB et al. (2021) Assessment of distal ureteral and ureterovesical
junction visualization on contrast-enhanced voiding urosonography. Pediatr Radiol 51:1406-1411
[PubMed: 33576846]

Kim D, Choi YH, Choi G et al. (2021) Contrast-enhanced voiding urosonography for the diagnosis
of vesicoureteral reflux and intrarenal reflux: a comparison of diagnostic performance with
fluoroscopic voiding cystourethrography. Ultrasonography 40:530-537 [PubMed: 33887876]
Kuzmanovska D, Risteski A, Kambovska M et al. (2017) Voiding urosonography with second-
generation ultrasound contrast agent for diagnosis of vesicoureteric reflux: first local pilot study.
Open Access Maced J Med Sci 5:215-221 [PubMed: 28507631]

Wong LS, Tse KS, Fan TW et al. (2014) Voiding urosonography with second-generation
ultrasound contrast versus micturating cystourethrography in the diagnosis of vesicoureteric reflux.
Eur J Pediatr 173:1095-1101 [PubMed: 24659313]

Mane N, Sharma A, Patil A et al. (2018) Comparison of contrast-enhanced voiding urosonography
with voiding cystourethrography in pediatric vesicoureteral reflux. Turk J Urol 44:261-267
[PubMed: 29733800]

Ntoulia A, Back SJ, Shellikeri S et al. (2018) Contrast-enhanced voiding urosonography (ceVUS)
with the intravesical administration of the ultrasound contrast agent Optison for vesicoureteral
reflux detection in children: a prospective clinical trial. Pediatr Radiol 48:216—226 [PubMed:
29181582]

Faizah MZ, Hamzaini AH, Kanaheswari Y et al. (2015) Contrast enhanced voiding urosonography
(ce-VUS) as a radiation-free technique in the diagnosis of vesicoureteric reflux: our early
experience. Med J Malaysia 70:269-272 [PubMed: 26556113]

WozZniak MM, Osemlak P, Pawelec A et al. (2014) Intraoperative contrast-enhanced urosonography
during endoscopic treatment of vesicoureteral reflux in children. Pediatr Radiol 44:1093-1100
[PubMed: 24718880]

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ntoulia et al.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

104.

105.

106.

Page 23

Colleran GC, Paltiel HJ, Barnewolt CE et al. (2016) Residual intravesical iodinated contrast: a
potential cause of false-negative reflux study at contrast-enhanced voiding urosonography. Pediatr
Radiol 46:1614-1617 [PubMed: 27350376]

Babu R, Gopinath V, Sai V (2015) Voiding urosonography: contrast-enhanced ultrasound
cystography to diagnose vesico-ureteric reflux: a pilot study. J Indian Assoc Pediatr Surg 20:40-41
[PubMed: 25552831]

Colleran GC, Barnewolt CE, Chow JS et al. (2016) Intrarenal reflux: diagnosis at contrast-
enhanced voiding urosonography. J Ultrasound Med 35:1811-1819 [PubMed: 27371375]

Chow JS, Paltiel HJ, Padua HM et al. (2019) Contrast-enhanced colosonography for the evaluation
of children with an imperforate anus. J Ultrasound Med 38:2777-2783 [PubMed: 30693972]
Chow JS, Paltiel HJ, Padua HM et al. (2019) Case series: comparison of contrast-enhanced
genitosonography (ceGS) to fluoroscopy and cone-beam computed tomography in patients with
urogenital sinus and the cloacal malformation. Clin Imaging 60:204-208 [PubMed: 31927495]
Seranio N, Darge K, Canning DA et al. (2018) Contrast enhanced genitosonography (CEGS) of
urogenital sinus: a case of improved conspicuity with image inversion. Radiol Case Rep 13:652—
654 [PubMed: 30023034]

Cahill AM, Escobar F, Acord MR (2021) Central venous catheter fracture leading to TPN
extravasation and abdominal compartment syndrome diagnosed with bedside contrast-enhanced
ultrasound. Pediatr Radiol 51:307-310 [PubMed: 32889586]

Gokli A, Pinto E, Escobar FA et al. (2020) Contrast-enhanced ultrasound: use in the management
of lymphorrhea in generalized lymphatic anomaly. J Vase Interv Radiol 31:1511-1513

Mejia EJ, Otero HJ, Smith CL et al. (2020) Use of contrast-enhanced ultrasound to determine
thoracic duct patency. J Vase Interv Radiol 31:1670-1674

Tirrell TF, Demehri FR, McNamara ER et al. (2021) Contrast enhanced colostography: new
applications in preoperative evaluation of anorectal malformations. J Pediatr Surg 56:192-195
[PubMed: 33143879]

Dillman JR, Strouse PJ, Ellis JH et al. (2007) Incidence and severity of acute allergic-like reactions
to i.v. nonionic iodinated contrast material in children. AJR Am J Roentgenol 188:1643-1647
[PubMed: 17515388]

. Dillman JR, Ellis JH, Cohan RH et al. (2007) Frequency and severity of acute allergic-like
reactions to gadolinium-containing i.v. contrast media in children and adults. AJR Am J
Roentgenol 189:1533-1538 [PubMed: 18029897]

Davenport MS, Dillman JR, Cohan RH et al. (2013) Effect of abrupt substitution of gadobenate
dimeglumine for gadopentetate dimeglumine on rate of allergic-like reactions. Radiology
266:773-782 [PubMed: 23238152]

United States Food and Drug Administration (2020) CFR - code of federal regulations title 21.
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm. Accessed 17 Sep 2021
World Health Organization (WHO) (2002) Safety of medicines: a guide to detecting

and reporting adverse drug reactions, http://apps.who.int/iris/bitstream/handle/10665/67378/
WHO_EDM_QSM_2002.2.pdf;jsessionid=1FE3ESE1B813999C2EB895BCB7E4787B?
sequence=1. Accessed 17 Sep 2021

Management Sciences for Health, World Health Organization (2007) Drug and therapeutics
committee training course. U.S. Agency for International Development by the Rational
Pharmaceutical Management Plus Program. Management Sciences for Health, Arlington
United States Food and Drug Administration (1994) E2A clinical safety data management:
definitions and standards for expedited reporting. Presented at the International Conference on
Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use
(ICH)

U.S. Department of Health and Human Services, National Institutes of Health, National Institute
of Allergy and Infectious Diseases, Division of AIDS (2017) Division of AIDS (DAIDS) table
for grading the severity of adult and pediatric adverse events. Corrected version 2.1. https://
rsc.niaid.nih.gov/sites/default/files/daidsgradingcorrectedv21.pdf. Accessed 17 Sep 2021

107. Hoigne R, Jaeger MD, Wymann R et al. (1990) Time pattern of allergic reactions to drugs. Agents

Actions Suppl 29:39-58 [PubMed: 2316433]

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.


https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm
http://apps.who.int/iris/bitstream/handle/10665/67378/WHO_EDM_QSM_2002.2.pdf;jsessionid=1FE3E8E1B813999C2EB895BCB7E4787B?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/67378/WHO_EDM_QSM_2002.2.pdf;jsessionid=1FE3E8E1B813999C2EB895BCB7E4787B?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/67378/WHO_EDM_QSM_2002.2.pdf;jsessionid=1FE3E8E1B813999C2EB895BCB7E4787B?sequence=1
https://rsc.niaid.nih.gov/sites/default/files/daidsgradingcorrectedv21.pdf
https://rsc.niaid.nih.gov/sites/default/files/daidsgradingcorrectedv21.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ntoulia et al.

Page 24

108. United States Food and Drug Administration (2016) Determining the extent of safety data
collection needed in late-stage premarket and postapproval clinical investigations; guidance
for industry. https://www.fda.gov/regulatory-information/search-fda-guidance-documents/
determining-extent-safety-data-collection-needed-late-stage-premarket-and-postapproval-clinical.
Accessed 17 Sep 2021

109. Johansson SG, Hourihane JO, Bousquet J et al. (2001) A revised nomenclature for allergy.

An EAACI position statement from the EAACI nomenclature task force. Allergy 56:813-824
[PubMed: 11551246]

110. Simons FE, Ardusso FR, Bilo MB et al. (2014) International consensus on (ICON) anaphylaxis.
World Allergy Organ J 7:9 [PubMed: 24920969]

111. Simons FE, Ardusso FR, Bilo MB et al. (2011) World allergy organization guidelines for
the assessment and management of anaphylaxis. World Allergy Organ J 4:13-37 [PubMed:
23268454]

112. Zerin JM, Shulkin BE (1992) Postprocedural symptoms in children who undergo imaging studies
of the urinary tract: is it the contrast material or the catheter? Radiology 182:727-730 [PubMed:
1311117]

113. Findner JR, Belcik T, Main ME et al. (2021) Expert consensus statement from the American
Society of Echocardiography on hypersensitivity reactions to ultrasound enhancing agents in
patients with allergy to polyethylene glycol. J Am Soc Echocardiogr 34:707-708 [PubMed:
33971277]

114. Stempniak M (2021) FDA warns providers after 2 patients die from ultrasound contrast-agent
reactions. Radiology Business. https://www.radiologybusiness.com/topics/policy/fda-warns-die-
ultrasound-contrast-agent-reactions. Accessed 17 Sep 2021

115. Wenande E, Garvey LH (2016) Immediate-type hypersensitivity to polyethylene glycols: a review.
Clin Exp Allergy 46:907-922 [PubMed: 27196817]

116. Sellaturay P, Nasser S, Ewan P (2021) Polyethylene glycol-induced systemic allergic reactions
(anaphylaxis). J Allergy Clin Immunol Pract 9:670-675 [PubMed: 33011299]

117. International Contrast Ultrasound Society (2021) International Contrast Ultrasound
Society (ICUS) policy statement supporting established safety record of
ultrasound contrast agents and continued use where medically appropriate.
ICUS News release. http://icus-society.org/international-contrast-ultrasound-society-icus-policy-
statement-supporting-established-safety-record-of-ultrasound-contrast-agents-and-continued-use-
where-medically-appropriate/. Accessed 17 Sep 2021

118. United States Food and Drug Administration (2016) Lumason prescribing information. https://
www.accessdata.fda.gov/drugsatfda_docs/label/2021/203684s0091bl.pdf. Accessed 17 Sep 2021

119. United States Food and Drug Administration (2016) Optison prescribing information. https://
www.accessdata.fda.gov/drugsatfda_docs/label/2016/020899s018s0191bl.pdf. Accessed 17 Sep
2021

120. United States Food and Drug Administration (2011) Definity prescribing information. https://
www.accessdata.fda.gov/drugsatfda_docs/label/2021/021064s5025s0291bl.pdf. Accessed 17 Sep
2021

121. Darge K, Back SJ, Bulas DI et al. (2021) Pediatric contrast ultrasound: shedding light on the
pursuit of approval in the United States. Pediatr Radiol. 10.1007/s00247-021-05102-y

122. Miller DL, Averkiou MA, Brayman AA et al. (2008) Bioeffects considerations for diagnostic
ultrasound contrast agents. J Ultrasound Med 27:611-632 [PubMed: 18359911]

123. Church CC (2002) Spontaneous homogeneous nucleation, inertial cavitation and the safety of
diagnostic ultrasound. Ultrasound Med Biol 28:1349-1364 [PubMed: 12467862]

124. Miller DL (2007) Overview of experimental studies of biological effects of medical ultrasound
caused by gas body activation and inertial cavitation. Prog Biophys Mol Biol 93:314-330
[PubMed: 16989895]

125. Nyborg W (2007) WFUMB safety symposium on echo-contrast agents: mechanisms for the
interaction of ultrasound. Ultrasound Med Biol 33:224-232 [PubMed: 17223251]

126. Miller DL, Quddus J (2000) Diagnostic ultrasound activation of contrast agent gas bodies induces
capillary rupture in mice. Proc Natl Acad Sci U S A 97:10179-10184 [PubMed: 10954753]

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.


https://www.fda.gov/regulatory-information/search-fda-guidance-documents/determining-extent-safety-data-collection-needed-late-stage-premarket-and-postapproval-clinical
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/determining-extent-safety-data-collection-needed-late-stage-premarket-and-postapproval-clinical
https://www.radiologybusiness.com/topics/policy/fda-warns-die-ultrasound-contrast-agent-reactions
https://www.radiologybusiness.com/topics/policy/fda-warns-die-ultrasound-contrast-agent-reactions
http://icus-society.org/international-contrast-ultrasound-society-icus-policy-statement-supporting-established-safety-record-of-ultrasound-contrast-agents-and-continued-use-where-medically-appropriate/
http://icus-society.org/international-contrast-ultrasound-society-icus-policy-statement-supporting-established-safety-record-of-ultrasound-contrast-agents-and-continued-use-where-medically-appropriate/
http://icus-society.org/international-contrast-ultrasound-society-icus-policy-statement-supporting-established-safety-record-of-ultrasound-contrast-agents-and-continued-use-where-medically-appropriate/
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/203684s0091bl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/203684s0091bl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/020899s018s019lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/020899s018s019lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/021064s025s0291bl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/021064s025s0291bl.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ntoulia et al.

127.

128.

129.

130.

131

Page 25

van Der Wouw PA, Brauns AC, Bailey SE et al. (2000) Premature ventricular contractions during
triggered imaging with ultrasound contrast. J Am Soc Echocardiogr 13:288-294 [PubMed:
10756246]

Li P, Armstrong WF, Miller DL (2004) Impact of myocardial contrast echocardiography on
vascular permeability: comparison of three different contrast agents. Ultrasound Med Biol 30:83-
91 [PubMed: 14962612]

Ay T, Havaux X, Van Camp G et al. (2001) Destruction of contrast microbubbles by ultrasound:
effects on myocardial function, coronary perfusion pressure, and microvascular integrity.
Circulation 104:461-466 [PubMed: 11468210]

Chen S, Kroll MH, Shohet RV et al. (2002) Bioeffects of myocardial contrast microbubble
destruction by echocardiography. Echocardiography 19:495-500 [PubMed: 12356345]

Fowlkes JB, Bioeffects Committee of the American Institute of Ultrasound in Medicine (2008)
American Institute of Ultrasound in Medicine consensus report on potential bioeffects of
diagnostic ultrasound: executive summary. J Ultrasound Med 27:503-515 [PubMed: 18359906]

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.



Page 26

Ntoulia et al.

UOSBLINT/aNAOUOS 10O UONRISIUILUPE SNOUSARIIUI 3Y) YA P81aNpuod saipnls (SN3D) PUNoselljn pasueyua-1sesiuod yoseasal [eulblio Ajuo-ouielpad

Author Manuscript

0 0 1 A 1621 ‘¥10Z Uspsex
0 0 JAS 0C [8¢] ‘6T0C “oeg
0 0 0z 0z [22] ‘6707 ‘1qwepnin
T 0 vz vz pl9oel ‘120z ‘ort0u0d
0 0 9 92 [sz] ‘120z ‘sainbs
0 0 Lz Lz [z ‘800¢ ‘ounuajen
0 0 0 0 [ee] ‘200z ‘1uiuog
0 0 og og [cz] ‘810z ‘Bued
0 0 18 18 #l12] 'sT0zZ ‘uiing
0 0 ee ee [oz] ‘ozoz ‘Bunt
0 0 6¢ ee [6T] 1202 ‘uAZewLey
0 0 9 g o811 ‘1202 ‘sauioL.
T u0 L€ 6€ [27] ‘€TOZ ‘I92U81S
0 0 144 144 [97] ‘€10 ‘qO%EC
0 0 9§ 95 [sT] ‘sTOCZ “8s81Ysd
0 0 9 w9 [¥T] ‘020z ‘ozusy 1@
/yC T S /69 [eT] ‘9TOZ ‘Butipium
0 0 €L €L [z7] 'sTOZ ‘1uyatusiN
0 0 Ve L [t7] '8TOZ ‘san0L
0 T LET 1191 [01] ‘'sTOZ ‘ZOIMOUNXSIH
40 0 €81 182 [6] ‘2102 ‘saiioL
14 0 S0€ S0e [8] ‘2102 ‘nsnA
6€ J€ 453 acle [2] ‘6TOZ ‘0B
S 0 86 86 p*2[9] ‘2102 "euogeodry
o7 4 9/9'T 9/9'T gelsl 'Tzoz ‘worneia
SNO1I8s-UON Snol4as

(u) syuane asaanpe yum ualpiyd  (u) uaapjiyd  (u) swexs SN3ID

[184] UeaA aoyine 1sa14

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.



Page 27

Ntoulia et al.

[9] (Aenuns sN3D ouneipad ueadoin3g paystignd Ajsnoinaid ayy ““6:8) ajqel siyl ul papnjoul ubisap JejiWIs Yl SaIpnIs 1ay10 Ul Se ||aM Se Salpnls Yyoteasal [eulblio
118y ul suonnsul/sdnolf Bunngriuod awes ay) Ag pauiodal UaIp|Iyd JO Jaquunu ay} pue aay Papn|oul uaipjiyd Jo Jaquinu ayy ui depsano ajqissod ag ybiw a1ay) yeys sisehbns Apnis siyl Jo ubisap UL,

90€'y €es'y AS3IpNIS TG :[e10L
[ss] ‘900z ‘ounuaren
[¥s] ‘200z ‘Kapuen
[es] ‘eT0T ‘nsnA
[es] ‘vToz ‘1uung v

o
(32}

[ts] *2102 ‘[enased auinby
[0g] ‘8102 “@1smoxold
[6+] ‘81Oz ‘BuemH

[8] ‘6T0Z ‘zUsi07]

[2v] ‘610 ‘1ounL

[ov] ‘0zoz ‘fo>1es

[sv] 'T20z fesnsonliy
xIvv]l ‘6002 ‘on

R B B S T . IR o R B B |
D T B - T T e - e B B

i
N

[ev] ‘8TOZ ‘BuemH
[ev] 6702 ‘wwyL

o O O O O O O o o o o o o o o o
O O O O O O O O O O O o o o o o o

z
z

¢ 4 (1] ‘1202 ‘6unio
€ lov] ‘700z ‘Bunquap|o

nl6€] '2T02 ‘sipijreyey

o
o
™
<

;[8€]'8002 ‘uossuans

[2€] ‘Te0z ‘ueyd
[9€] ‘120z ‘uereypls
[se] ‘2102 'sureH
[v€] ‘6102 ‘BuemH
[e€] ‘aToZ “Index

ot o1 [z€] ‘210z ‘oljauebaq
ot ot [1€] ‘0zoz ‘1Iv-13
L 4 s[0€] ‘020z ‘usmog

o O O o o «+* o o o

O O O O O o o o o
o 0 M~ © W
> 0 ™~ O 1 W1

SNOII8s-UON SNol13s

(u) syuane asaaape yum ualpiyd  (u) uaappiyd  (u) swexs SN3ID [384] UeaA aoyine 1sa14

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.



Page 28

Ntoulia et al.

suoIRUILEX3 SNTD 2 PUB UBIPIIYD 2 PApNIoUl aMm a1aH ‘sisAfeue 1oy 81qiBije a1am UsIP[IYD 72 ING ‘SWexa SN Pey Ualp|iyd 9¢ eyl pauonusw sioyine L,

swexe SNID TE JUBMIBPUN UBIP|IYD 858} Jey) Paonpap pue UsIP(Iyd TE POPN|OUI 8M 818H "SNTD SNOUSARIIUI JUSMIBPUN UM UBIP[IYD TE pazAjeue Apms
3} Je) puBlSIapUN 3N "sloyine ayy Ag parels Alies|d Jou a1em potsad Apnis sy Burinp pawiopiad suoieuILEXa SNTD 4O JAQINU [BI0) 8U) PUB SUOIBUIWEXS SNFD PRY OYM USIP|IYD 4O Jaquinu [elo) L,

swiexe SNID 9€ PuB UaIP|IYd 9 Papn|oul am a1 ‘sisAeue 10y a1q1B11s a1am swexs SNID 9¢ Ing ‘porad Apms ayy Burinp pawioyad a1em swiexs SNFD /82 1eyl pauonusw sioyine L,

sisAJeue A1aJes 1IN0 Ul 8UO0 P8IUNOD AJUO SEM PUR|Od WOJY 8sed paystignd 8yl ‘MalAal A1ajes Ino Ul paliodal sa1ed SJUBAS 8SIBAPE |[EJBA0 8Y) O UOIR|NDJed
3} Ul papn|oul sem AuewISS) WoJy ased paystigndun sy} ‘4aAsMOH “$|asH ApNn1s ayp Ul paliodal 10U 319M Jey) SIUSAS SISAPER 219ASS OM] 9Salj) apNjaUI JOU PIP am alaH "ased paysijgnd Ajsnoiaaid Aue yim
yorew 0} Wwaas jJou ssop (Auewtso) ‘[a|ees] ajfeH) ased puodas ayl 40 UOILIO| By "8]qel Siy} ul papnjoul Apealfe Apnis pajedipap e ul paystjignd sem oym jusiied e Yim ydyew 0} Swiaas (puejod ‘suepo)
9580 1S41J 8Y) JO UOIIRI0] 8L "SIUBAS 3SI9APR 819A3S JO Sased 0M] BulpJela UoIeaIunwwod [euosiad WoJ) uolewloul paionb Joyne ayl ‘JIaAsMoH "pariodal a1am SJUBAS 9SIBADE 319AS ou ‘Apns syl u,

suolneuUIWEXs SNTD 69 UL UBIPIIYD
9% Papn[oul am a19H "dn-mojjo) Je pawiiogad aJam suoneUILEXS SNTD G9 4O [LI0) B pUR UOISSILUPE 18 paiioad a1am suoneuIwexs SNID + eyl Patels SIoyIne ay | "UsJp[iyd 9y papnjoul Apnis L,

sisAJeue A1a5es IN0 U1 JUBAS 9SI9APE UR SB SIU} 3pNJOUI 10U PIP 8M ‘8104J8Y L "M 8Y} WOIJ JUSAS 8SISAPE UE SE SIU1 JUN0D 10U PIP SI0YINE 8y “WON 8y} Jo uonedtjdde sy 03 uonoeal siy)
10 diysuoiie|as [esned ou Sem 313U} 1oy} Palels SIoYINe 8y | ISPJOSIP SAITRIOOSSIP UM PasouBelp sem piyd ayL ‘Wwexe SNFD € J81e JIUN 818D SAISUSIUI U1 0} PSRILUPE SeM PJIYd 3UO Jey) Palels Sioyine ay ._.\

sisA[eue INo U1 8SBD SIYI PAPN|OUL 3AA “UOIEIIIGNd SIYY JO PUB Y} 1e WINPUBPP. Ue Ul PapN|oul SI UOIRASIUIWPE DN BUIMO||04 UOIIORS 8SIBAPR 819ASS JO 958D m:O«
UBIP|1Yd [BUCIMPPE $T Ul SUOIBUILEXS SNFD [BUORIPPE T SB Way) PapNjoUl 8M 8J8H "Pa]|04ud UaJp|Iyd J0 SUOHIBIUI SNOUBARIIUI ‘SUOIRUILIEXS SNTD JO JAGINU BY) SeM
T J8U33YM pal10ads Jou s1 1] "paniodal alam suoiiedjdde SNFD [eUOIIPPE T YoIym i uoiiedtjgnd siyl JO pus ay} 1e WNPUappPe Ue I 3Jay L 'sWexa SN GG JUSMISpUN Oym UaIp|iyd O papnjoul Apms L,

819y pajuasaid ae UONDSS S)NSal 8y} Ul PapIAcLd s1aquinu YL “(T9T=/) UOII8S S}Nsal 8y} pue (L9T=) 10enisqe sy} ul papodas swexs SNFD 40 Jaquinu (.10} 8y Ut Aouedaiosip e sem alay I

VDN 28U} WS JUBAS 8SIBAPR U Se sioyine
3y} Ag paIuN0d 10U SeM SIU ‘8104819Y 1 "Bnip paalsiupe A[JUBIILOIUOD © 0} UOIIOBSI B SBA SIU} TRyl PaIeIS SI0UINE 3y L UOIRJSIUILPE DM SnouaAeul Jaiye Aep ayi Buiyon paousiiadxa usied o:OQ

SJUBAS 9SJAPE SNOLIBS-LIOU SE LWBY) PapN|oUl M 313H “Joull se pauiodal A|[eo13109ds 81aM SIUSAS 8SIBAPER 831U} ‘UOIII8S UOISSNISIP 8y} U] 5

SJUBAS 9SJAAPR SNOLIBS B13M 3S8U) 1By} paonpap
9M '91043J3Y | "S3SED 93U} U1 Juswabeuew 1oy palsisiuiwpe sem Adesay Yooys-1ue Jeyy patels sIoyine sy} IsAMOH SIoyIne syl AQ paziialoeseyd 10U SeM SJUSAS 3SISAPE 931U} 358U} JO SSBUSNOLISS 8y ._w
paw.ogad a19m swexs SNID ZTE 1.y} Paonpap am ‘siskjeue siyy jo asodind ay 4o

"Wexa SNJD aWes ay Ul anA0UOS Jo suondaful payeadal JUSMIBPUN UBIP|IYD [2J3ASS Y} PUBISISPUN 3 "aNAOUOS 4O SUOIBIUI SNoUaARIIUI 009 JO [B10] B JUSMIBPUN OYM UBIP[IYD ZTE Papnjoul Apnis UL

S31RJ SJUAAD 9SIBAPE [[EIBA0 3Y) JO
uolje[naed 8yl Ul (snouas-uou Ajqewnsaid Jayio ay) pue snoLds Ajqewinsald auo) sjusAs asIaApe [eUOIIIPPR OM] 853U} PaIUN0d am ‘(1xal 8as) Malnal Arewwuns A1ajes ano Jo asodind sy} 1o} ‘1aAsMOH ‘SisAJeue
AaAINns 8y} Ul papn|oul 10U aJam Aay) asneaaq SIUSAS asIaApe pariodal Aj[euonippe 0M] 8say) apN|aUl 10U PIP aM alaH ‘ASAINS syl Ul sISA[eue Jayling 10) pPasn 10U 8Jam s)aserep asay ] "uonejndod 1npe ue yIm
paxiw Jo a19]dwooul aJam Jey s1aserep Ul PapN[oul 3J9M OUM SJUSISS|ope 0M) Ul paliodal “eliedllin suo pue uonoeal o1oejAydeur 81aAas U0 ‘SJUBAS 9SISAPE OM] PBUOIIUSW JOYINE 3y} ‘UOIISS S)Nsal 8y} Eu
[s] (AnsiBas SN3D ourelpad

ABojolg pue auIdIpaj Ul punoselijn 40} $a1d100S J0 uonelapa4 ueadoin3 paysijgnd Appuanbasgns sy ““6°9) ajgel siys ul papnjoul ubISap Jejiwis YIMm S3IpNIs Jay1o Ul Se |[aM Se Salpnis yateasal [eulblio
11841 ur suonmnsul/sdnolB Bunngriuod awes ay Ag paliodai UsIP|IYD JO JBGUNU BU1 PUB 818y PapN|oul UaJp|Iyd JO Jaquinu ayy ul dejiano ajqissod ag 1yBiw alay 1ey) s1sehibns Apms siuy Jo ubissp L

SNOI1I8S-UOU 21aM SUOII0BaJ SIaAPe GT Bulurewal ay) pue SnoLIs a1am suoioeal AJiAIsussladAy
918A8S ¥ 8Y1 1BY] PapN|ou0d am ‘sisAfeue siy Jo asodind ay1 04 "ssausnoLIas 11ay) 01 Buiplodde 10U Ing ‘A11IBASS J18L) UO paseq SUOIIoRal 8SISAPE ay) 9Z11810BIeyD SIOUIN. 8L "SUOIJRa. 9SISADE YIIM USIp|IYd
6T PaPN|OUI 9M 3J9H "3I9ASS 7 PUB 8)RIapoW G ‘pliW 9 :SU0IIBa ANAIISUSSISAY pey UaJIp]Iyd GT pue 199418 00aJ0U B palapisuod alam ey swordwAs padojansp pliyd T ‘uonensiuiwpe (oN) usbe 1senuod

punosen ay 01 ajgeInNgLe aq 01 Ajax1jun alam Jeys swoidwAs padojansp Ualp|Iyd € 18yl PaleIs SIoYINe ay) ‘UsIP|Iyd 6T 8S8Y) JO "SUOIIORa 8SIaAPR PaousIadxa Oym UaIp|Iyd T Papnjoul sioyine ay kq

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2024 October 08.

Pediatr Radiol. Author manuscript



Page 29

Ntoulia et al.

Apnis

PaoUBIaal Yoes 10y paliodal SI (SNOLISS-UOU pUR SNOLISS) SIUBAS 8SI9APE PaduaLIadxe OYM UsIpIyd JO Jaquinu ay ] ‘[48.] seousiagal aA1dadsal YIm ‘1Samo] sy} 0] pawlogiad suoleulwexs SNJD 4o Jaquinu
153yB1Y ay) Wody Japlo Buipusosap ul pajuasaid ase sa1pniS “a1qel SIY) Ul PapNIoUI 10U SI 910JaJay) pue SaIpn)s [[e ul pariodas A[JUsisISU0d 10U Sem wexs SNJD yoes burinp pawiogiad aiam Jeyy suonoalul
UOSBWNT/3NAOUOS JO Jaquinu [10] 8y "Wexa SN auo pey pjIyd yoes eyl paonpap am ‘sisAfeue siyl 4o asodind ayy 104 ‘pawoyiad swexa SNID 40 Jaquinu [2103 8y} a1e1s A|Jeajd Jou pIp Apnis pasusiajal
® O sloyine ay} §| paniodal I swexa SNJD SNOUSARIIUI JUSMIBPUN OUYM UBIP]IYD JO Jaquunu [2101 ay) pue pjiyo Jad pawiopiad a1am Jeyl swexs SNFD JO Jsquinu [e10) ay) ‘Apnls paduslalal yoes 1o ¢

pIyo
T Ul SUOIRUILIEXS SO SNOUSABAUI Z PAPN[OUL 9M 819H "SYIUOW € JalJe paliogad osfe sem uoneuiwexs SNJD dn-mojjo) v “Ajfeniul pawiopiad sem uoleuIwexa SN 8uQ “PlIyd T papnjoul Apms UL

syuaied ouyeipad g ay) papnjoul am a1aH *(pjo sieak 0z) 3npe BunoA T pue (sieak gT>) uaip|iyd z papnjoul Apnis wﬁ\s
UaIP|Iyd Z Ul SuoeUILEXd SNFD € PAPNIOUI 9M 813H "UOKeUIWEXS SNFD dN-MOJ|0} [BUOHIPPE Ue Py PIYd BUQ "UCKBUILEXS SNTD [BMIUI UB PRy PIIYd YdeT "USIP|IYd g papnjoul Apnis 8yL,
UBIP[IY2 € Ul SUOIRUIWEXS SNTD ¥ Papn|oul am al1sH “wexa SN3D dn-moj|o} e pey uaJp|iyd €/T Teyl Palels SIoyine ayL "uaipjiyd € papnjoul Apnis L,

prya
T Ul SUOITRUILLEXS SNTD G PAPN|OUI 8M ‘BI8H "SYILOW € pUe YIuow T Jalse se [jam se ‘Ajaanesadoisod 7 pue € ‘T sAep uo pajeadal sem uoneuIwexs SN 1ey) patels sioyine syl “pliyd T papnjoul Apms mEu

UBIPIIYD / Ul SUONRUILEX3 SNTD 2T PApNIoUl am aJaH “Wexa SN dn-moj|oy e pey UsIp[Iyd //G eyl palels SIoymne ay L “usIpjiyd 2 papnjout Apnis UL

suolfeulwexs SN3D ¢T pue
Sjuejul ZT Papn|oul 8M a1aH ‘SISA[eue 10} 8]qen|eAs PalapISu0d a1am gT ‘Sjuejul 9T S0y} 4O "SUOIBUIEXS SNTD 9][8UBIUOISUEI] BAIINIBSUOD O JO |B10} B JUSMISPUN S)UBJUI 9T Jey} pauonuaw sioyine ay L

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2024 October 08.

Pediatr Radiol. Author manuscript



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Ntoulia et al. Page 30

Table 2

Pediatric-only original research contrast-enhanced ultrasound (CEUS) studies conducted with the intravenous
administration of Optison

First author, year, [ref] CEUS exams (n)  Children (n)  Children with adverse events (n)

Serious Non-serious
Coleman, 2014, [56]40 126 32 0 3
McCarville, 2016, [57]4¢ 74 13 0 1
McMahon, 2005, [58] 20 20 0 4
McCarville, 2012, [59]8 137 13 0 28
Armstrong, 2017, [60] 18 18 0 0
Total: 5 studies” 251 96 0 10

aThese three studies were conducted by the same group/institution. The design of these studies suggests that there might be possible overlap in the
number of children included here

bln this study 34 children underwent a total of 134 CEUS examinations. Of the 34 children, 32 children received Optison and underwent a total
of 126 CEUS exams and 2 children received Definity and underwent a total of 8 CEUS exams. In this table we present only the results from the
Optison use. The results from Definity use are presented in Table 3

Dln this study 25 children underwent CEUS with the intravenous use of Optison, but only 13 were considered evaluable for analysis. These 13
children underwent a total of 74 CEUS examinations. Here we included 13 children and 74 CEUS exams

In this study 13 children underwent 28 intravenous injections of ultrasound contrast agent. The total number of CEUS examinations was not
clearly stated by the authors. Here we included 13 children and 13 CEUS exams

e . . R . . .
In this study, there was one case of hyperactivity/irritability, but the authors stated that the association of this symptom with the ultrasound contrast
agent was not clear. The authors did not consider this symptom an adverse event. We did not include this as an adverse event in our analysis

fFor each referenced study, the total number of CEUS exams that were performed per child and the total number of children who underwent
intravenous CEUS exams is reported. If the authors of a referenced study did not clearly state the total number of CEUS exams performed, for
the purpose of this analysis, we deduced that each child had one CEUS exam. The total number of Optison injections that were performed in
each CEUS exam was not consistently reported in all studies and therefore is not included in this table. Studies are presented in descending order
from the highest number of CEUS examinations performed to the lowest, with respective references [ref]. The number of children who developed
adverse events (serious and non-serious) is reported for each referenced study

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.
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Table 3

Pediatric-only original research contrast-enhanced ultrasound (CEUS) studies and cohorts conducted with the
intravenous administration of Definity

First author, year, [ref] CEUS exams (n)  Children (n)  Children with adverse events (n)

Serious Non-serious
Kutty, 2016, [61] 113 113 0 13
Coleman, 2014, [56]4% 8 2 0 0
McCarville, 2016, [57]4¢ 1 1 0 0
Total of study subsets? 122 116 0 13

aThese two study subsets were conducted by the same group/institution. The design of these studies suggests that there might be possible overlap in
the number of children included here

In this study, 2 children underwent 8 CEUS exams with the intravenous use of Definity. All other children underwent CEUS with the intravenous
use of Optison and are included in Table 2

cln this study, 1 child underwent CEUS with the intravenous use of Definity. All other children underwent CEUS with the intravenous use of
Optison and are included in Table 2

dFor each referenced study, the total number of CEUS exams that were performed per child and the total number of children who underwent
intravenous CEUS exams is reported. If the authors of a referenced study did not clearly state the total number of CEUS exams performed, for
the purpose of this analysis, we deduced that each child had one CEUS exam. The total number of Definity injections that were performed in
each CEUS exam was not consistently reported in all studies and therefore is not included in this table. Studies are presented in descending order
from the highest number of CEUS examinations performed to the lowest, with respective references [ref]. The number of children who developed
adverse events (serious and non-serious) is reported for each referenced study
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Table 5

Incidence rates of adverse events? reported in children as a result of intravenous administration of Optison

Acute (<1 h) Incidence % (n/251x100) (n)

Serious 0% (0)

Non-serious  aste alteration?  2:8% (7)
Headache 1.2% (3)
Tinnitus 0.8% (2)
Lightheadedness  0.8% (2)

aAII adverse events reported were acute in onset. Incidence rates were stratified according to the seriousness (serious, non-serious) and type of
presenting symptoms. For each adverse event, the incidence rate was calculated as a percentage in which the numerator was the total number of
the respective adverse events reported in the pediatric-only contrast-enhanced ultrasound (CEUS) studies and denominator was the total number
of CEUS exams performed with Optison and reported in the published pediatric-only CEUS studies included in our analysis. Incidence rates are
presented in descending order from the most common to the least common

bln the study by McCarville et al. [57], the same child developed taste alteration in three CEUS exams. Here we counted this symptom three times

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.
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Table 6

Incidence rates of adverse events? reported in children as a result of intravenous administration of Definity

Acute (<1 h)

Incidence % (n/122x100) (n)

Serious

Non-serious  Chest pain
Fatigue
Back pain
Neck pain
Dizziness

Headache

0% (0)

5.7% (7)
2.5% (3)
0.8% (1)
0.8% (1)
0.8% (1)
0.8% (1)

Shortness of breath  0.8% (1)

a . . - . . . .
All adverse events reported were acute in onset. Incidence rates are stratified according to the seriousness (serious, non-serious) and type of
presenting symptoms. For each adverse event, the incidence rate was calculated as a percentage in which the numerator was the total number of

the respective adverse events

reported in the pediatric-only contrast-enhanced ultrasound (CEUS) studies and denominator was the total number

of CEUS exams performed with Definity and reported in the published pediatric-only CEUS studies included in our analysis. Incidence rates are
presented in descending order from the most to the least common
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Contrast-enhanced voiding urosonography (ceVUS) original research studies performed with the intravesical

use of SonoVue/Lumason or Optison in a pediatric-only population

First author, year, [ref]2

ceVUS exams

Non-serious adverse events

Cvitkovic-Roic, 2021, [62]
Riccabona, 2012 [6]
Papadopoulou, 2014, [63]
Papadopoulou, 2009, [64]
Duran, 2012, [65]

Kis, 2010, [66]

Wozniak, 2018, [67]
Piskunowicz, 2016, [68]
Battelino, 2016, [69]
Kljugevsek, 2019, [70]
Zhang, 2018, [71]
Ascenti, 2004, [72]
Simicic Majce, 2021 [73]
Wozniak, 2016, [74]
Kljucevsek, 2012, [75]
Siomou, 2020, [76]
Giordano, 2007, [77]
Fernandez-Ibieta, 2015, [78]
Velasquez, 2019, [79]
Marschner, 2021, [80]
Benya, 2021, [81]

Kim, 2021, [82]
Kuzmanovska, 2017, [83]
Wong, 2014, [84]

Mane, 2021, [85]
Ntoulia, 2018, [86]
Faizah, 2015, [87]
Wozniak, 2014, [88]
Colleran, 2016, [91]
Babu, 2015, [90]
Colleran, 20186, [89]
Total: 31 studies

5,153
4,131
1,010
228
307
183
150
141
116

1052
90
80
70
69
66
60
47¢
40
39
38d
34
32
31
31
30
30
27
17
4

2

1
12,362

0
0

OOOOOHOOOOOOOOOOOOOOOOOOOOOO&‘J

w
o

a., . . . . — . .
Studies are presented in descending order from the highest number of ceVUS examinations performed to the lowest, with respective references

[ref]. No serious adverse events were reported in any study. A few non-serious adverse events were reported in two studies

bln this study, 163 ceVUS exams were performed in 163 children. In 58 children important data were missing or were incomplete. Therefore,

105/163 children were considered evaluable. Here, we included 105 evaluable children

Dln this study, 563 ceVUS exams were performed with the first-generation ultrasound contrast agent Levovist (Bayer Schering, Berlin, Germany)

and 47 ceVVUS exams were performed with SonoVue. Here we included the 47 ceVVUS exams that were performed with SonoVue

Pediatr Radiol. Author manuscript; available in PMC 2024 October 08.
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dThis study included 38 children and 7 adults. Here we included 38 children
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Table 8

Incidence rates? of adverse events reported in children as a result of intravesical administration of Lumason/
SonoVue or Optison

Subacute (1-24 h) Incidence % (n/12,362x100) (n)

Serious 0% (0)

Non-serious Dysuria 0.22% (27)
Urinary retention 0.02% (2)
Transient abdominal pain/discomfort  0.02% (2)
Anxiety during micturition 0.01% (1)
Crying during micturition 0.01% (1)
Blood and mucous discharge 0.01% (1)
Increased frequency of micturition 0.01% (1)
Vomiting 0.01% (1)
Perineal irritation and discomfort 0.01% (1)
Urinary infection 0.01% (1)

aAII adverse events reported were subacute in onset. Incidence rates are stratified according to seriousness (serious, non-serious) and type of
presenting symptoms. For each adverse event, the incidence rate was calculated as a percentage in which the numerator was the total number of the
respective adverse events reported in the pediatric-only contrast-enhanced voiding urosonography (ceVUS) studies and denominator was the total
number of ceVUS exams performed with Lumason/SonoVue or Optison and reported in the published pediatric-only ce\VUS studies included in our
analysis. Incidence rates are presented in descending order from the most to the least common
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