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Abstract—The goal of the work described here was to assess the safety profile of intravenous second-generation
ultrasound contrast agents (UCAs) containing sulfur hexafluoride in pediatric contrast-enhanced ultrasound.
Between 2010 and 2013, a total of 167 examinations were performed in 137 children referred by the Oncology
Department. Approval by an Independent Ethical Review Board on Scientific Research for the intravenous use
of an UCA containing sulfur hexafluoride in children with oncologic diseases was obtained. Consent for UCA admin-
istration was acquired from the parents or legal guardians. Severe anaphylactic reaction was observed in 0.6 %
(n = 1). No other adverse events during or after intravenous administration of contrast were observed in the exam-
ined group (no changes in heart rate and rhythm, blood pressure, oxygen saturation or respiratory rate). There were
no reports of subjective flushing, nausea, transient headaches or altered taste. Although second-generation ultra-
sound contrast agents are considered potentially safe, all investigators should be prepared for the development of
adverse reactions and have provisions in place for all pediatric intravenous contrast-enhanced ultrasound exami-
nations. More multicenter studies are essential to determination of an accurate UCA safety profile. (E-mail:
mpiskunowicz@wp.pl) © 2015 World Federation for Ultrasound in Medicine & Biology.

Key Words: Contrast-enhanced ultrasound, Children, Safety, Ultrasound, Ultrasound contrast agent, Adverse
event.

INTRODUCTION compared with those of iodinated contrast agents,
computed tomography (CT) radiation exposure, gadolin-
ium magnetic resonance imaging (MRI) contrast agents
and the likelihood of patient sedation during MRI. It
should be pointed out that the small number adverse reac-
tions reported for second-generation contrast agents in
adults does not mean they are safe to use in children
(Darge et al. 2013; Morel et al. 2000; Piscaglia and
Bolondi 2006). Unfortunately, so far the safety profile
of UCAs in children is based on few publications
describing individual adverse events (Coleman et al.
2014; Darge et al. 2013; McCarville et al. 2012;
Piskunowicz et al. 2012; Riccabona 2012)

Here we describe our experience with the tolera-
bility of intravenous administration of a second-
generation contrast agent containing sulfur hexafluoride
in patients under 18 y of age.

The reduction of the risk associated with ionizing radia-
tion used for diagnostic purposes is due largely to the
development of ultrasound, which is the method of choice
in many diagnostic guidelines. It appears that the use of
second-generation contrast agents may allow the replace-
ment of studies using ionizing radiation with ultrasound,
especially in children with oncologic diseases.
Unfortunately, pediatric ultrasound with intravenous
ultrasound contrast agents is still largely at the “research”
stage (Claudon et al. 2013). Because of the lack of registra-
tion for use in patients under the age of 18, intravenous
studies using second-generation ultrasound contrast agents
are performed in a limited number of medical centers, with
the consent of bioethics committees and the parents.
With respect to the safety profile of imaging studies,
the risk of UCA side effects should be assessed and

METHODS
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The study included a group of pediatric patients
from one hematologic oncology center. This prospective
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study began in December 2010 after receipt of approval
by the Independent Ethical Review Board on Scientific
Research of the Medical University in Gdansk to use an
intravenous UCA containing sulfur hexafluoride in chil-
dren with oncologic diseases. The examinations were
performed using a Philips iU22 unit (Philips Medical Sys-
tems, Bothell, WA, USA) and the following probes: one
convex probe (C5-1) and two linear probes (L5-17 and
L9-3), adjusted to examinations using UCAs.

Inclusion criteria

The decision on a child’s (age range: 0-18 y) quali-
fication for intravenous contrast-enhanced ultrasound
(CEUS) examination was always made in conjunction
with the attending physicians. Children were included if
there:

1. Failure to make a clear diagnosis after a previous
imagining examination (CT, MRI), problems
choosing the right diagnostic/therapeutic strategy.

2. Initial assessment and follow-up of patients with solid
tumors before and during anti-neoplastic therapy.

3. Use of CEUS examination as an alternative to CT and
MRI in the diagnosis or monitoring of suspicious pro-
liferative changes.

4. Evaluation of residual disease after completion of
anti-neoplastic therapy.

5. Assessment of adrenal gland lesions in children up to
1y of age.

6. Monitoring of anti-neoplastic therapy complications.

Exclusion criteria
Children with the following problems were
excluded from undergoing CEUS:

1. Heart defect found on echocardiography: any type of
abnormality (performed in all patients).

2. Symptoms of active bacterial or viral infection and

body temperature >38.5°C (the next examination

was scheduled after symptom resolution).

Lack of consent of the parents or legal guardian.

Uncertain pregnancy status.

5. Known sensitivity to sulfur hexafluoride or other com-
ponents of UCA.

W

Safety provisions and methods of patient monitoring

To increase the tolerability of ultrasound examina-
tions using an intravenous contrast agent, in accordance
with the recommendations of the ethics committee, the
research team included an anesthesiologist with experi-
ence in pediatric anesthesiology. The procedures per-
formed by our team are as follows.

One day before the scheduled examination, the
parents and the child met the physician who would be
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performing the examination, the anesthesiologist and
the referring physician. The parent or guardian completed
a questionnaire eliciting information on sensitivity to
drugs and blood products, high blood pressure episodes,
heart surgery and pregnancy status (in older girls).

On the day of the procedure, the child was admitted to
the observation ward, where he or she remained for 24 h af-
ter the procedure. Blood pressure and heart rate monitoring,
echocardiography and oxygen saturation measurements
were performed for the duration of the examination and
30 min after its completion. Thirty minutes after the last
administration of the UCA, a follow-up ultrasound was per-
formed to determine the presence of UCA microbubbles
in previously examined regions and/or large vessels (aorta,
inferior vena cava, pulmonary vein).

The child was accompanied by one parent or legal
guardian during the examination and while in the obser-
vation ward. Reactions to the UCA (local pain, nausea,
vomiting or other) were recorded for the subsequent
30 min in the ultrasound department and for the subse-
quent 24-h period in the observation ward.

Medications

Sulfur hexafluoride (SonoVue, Bracco, Milan, Italy)
was used for the ultrasound examination with UCA.
Each milliliter of SonoVue contains 8 uL of the microbub-
bles (Cosgrove 2006; Greis 2004). The microbubbles are
composed of sulfur hexafluoride gas (SFe) surrounded by
a stabilizing thin and flexible shell composed of
phospholipids (Cosgrove 2006; Greis 2004). The
microbubbles have a mean diameter of about 2.4 um and
easily pass through lung capillaries. Microbubbles
undergo alternate, unequal contraction and expansion
when exposed to the harmonic frequencies of an
ultrasound wave. The beam is strongly reflected from the
interface between the gas and the phospholipids and back
to the transducer, creating the image (Cosgrove 2006;
Greis 2004). The SonoVue suspension was prepared in
accordance with the manufacturer’s instructions.

The lack of sulfur hexafluoride reference doses for
the pediatric population has created the need to establish
a custom dosing regimen using the principle of minimum
effective dose of contrast for a given body region exam-
ined. The volume of contrast agent administered was
based on the patient’s age and ranged from 0.1 to 1.8 mL.

RESULTS

In the period between December 2010 and
December 2012, a total of 161 studies using ultrasound
with an intravenous contrast agent containing sulfur
hexafluoride were performed in 137 children (83 male,
54 female; mean age: 10.2 * 6.0, range: 0-18 y)
(Table 1, Figs. 1-3).



Safety of CEUS in children @ M. PiskuNowicz et al. 1097

Table 1. Data on children who underwent contrast-
enhanced ultrasound (n = 137)

Organ/body Number of Number of Gender

examined children examinations (male/female) Age (y)*
Liver 39 48 26/13 9.7 £58
Testis 7 7 7/0 142 + 45
Lymph nodes 13 13 6/7 144 £32
Chest 5 5 2/3 13.5 £52
Spleen 11 13 9/2 120 £ 5.7
Kidney(s) 19 29 12/7 8.1 +5.8
Soft tissue 7 7 4/3 114 £5.7
Adrenal 8 9 6/2 5377

gland(s)

Other' 28 30 11/17 92 *57
Total 137 161 83/54 10.2 + 6.0

* Mean * standard deviation.
t Urinary bladder, periosteal changes, ovaries, intestines, retroperito-
neal space, salivary glands, vessels.

One adverse event occurred after intravenous
administration of an ultrasound contrast agent in the
group of 137 patients. It was severe anaphylactic shock
(potentially life-threatening) and was directly related to
administration of the intravenous ultrasound contrast
agent SonoVue.

Contrast-enhanced ultrasound examination was
performed to monitor the effectiveness of therapy in
an 11-y-old girl (weight: 28.5 kg, height: 138 cm) diag-
nosed with gastrointestinal stromal tumor of the stomach
wall with liver metastases and was focused on the tumor.
Forty-three seconds after intravenous administration of
0.6 mL SonoVue, the patient developed symptoms of
anaphylactic shock. She began to report generalized pru-
ritus and nausea. Systolic blood pressure decreased
below 70 mm Hg and tachycardia up to 200 beats/min
ensued. One minute later, the patient experienced brady-
cardia up to 45 beats/min and an O, saturation level of
60%. The preceding signs were accompanied by feel-
ings of intense fear, without loss of consciousness.
CEUS examination was immediately discontinued, and
treatment was started. Oxygen, intravenous epinephrine
and fluids (0.9% NaCl) were administered. After 2 h the

patient’s general condition improved, and all symptoms
resolved.

No other adverse events during or after intravenous
administration of contrast were observed in the group (no
changes in heart rate or rhythm, blood pressure, oxygen
saturation or respiratory rate). There were no reports of
subjective flushing, nausea, transient headaches or altered
taste.

DISCUSSION

This article describes the initial experience of a sin-
gle oncology center with the intravenous administration
of second-generation intravenous ultrasound contrast
agents in children. It includes the largest pediatric group
for which a prospective evaluation of safety has been con-
ducted to date.

Currently, apart from a few descriptions of single
cases, only five original articles describing the results
of CEUS after intravenous administration of contrast
agent in a total of 165 children are available (Bonini
et al. 2007; Coleman et al. 2014; Jacob et al. 2013;
McMahon et al. 2005; Valentino et al. 2008) (Table 2).
Three of the five articles report the use of sulfur hexaflu-
oride without side effects (Bonini 2007; Jacob 2013;
Valentino; 2008). In the other two studies,
perfluorocarbon gas was used, and seven cases of side
effects cases were reported (Coleman et al. 2014,
McMahon et al. 2005). The article by McCarville et al.
(2012) was omitted because of the sharing of data with
latest work by Coleman et al. (2014).

In the adult population, the safety profiles of ultra-
sound contrast agents have been evaluated in a large pop-
ulation (Piscaglia and Bolondi 2006). Studies conducted
on a group of 23,188 adults undergoing abdominal exam-
ination revealed 29 cases of adverse reactions related to
SonoVue. Two of these cases were rated as severe, while
the remaining 27 were non-life threatening; no fatalities
were reported (Piscaglia and Bolondi 2006). The study
confirmed that SonoVue has a favorable safety profile,
with a rate of serious adverse reactions lower than

Fig. 1. Ten-year-old boy with NHL lesion in liver. White arrows on the B-mode image point to the lymphoma lesion in the
liver. On the contrast-enhanced ultrasound image, the black arrows point to the same lesion.
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Fig. 2. Preliminary assessment of lymphoma lesion in liver (see Fig. 1). Initial examination and quantitative analysis of

enhancement. (a) Red region of interest in the lesion, yellow region of interest in liver tissue. The curves below depict the

intensity of the signal with time (0-30 s). (b) Red region of interest in the lesion, yellow region of interest in liver tissue.
The curves below depict the intensity signal with time (46-60 s): fast washout.

1/10,000 patients (0.009%). In two prospective works, the
authors used intravenous ultrasound contrast agents in in-
dividuals under 18 y of age and observed adverse reactions
after their administration (Coleman et al. 2014; McMahon
etal.2005). In the study by Coleman et al. (2014), in which
microspheres containing octafluoropropane gas were
administered to 34 patients, 3 experienced mild adverse
reactions, 2 had altered taste and 1 experienced mild
tinnitus and lightheadedness on one occasion each. In a
study of 20 children by McMahon et al. (2005), 4 experi-
enced minor adverse reactions after administration of
intravenous ultrasound contrast agent containing octa-
fluoropropane. Three patients developed transient head-
ache and one reported brief alteration of taste sensation.

Analysis of the published studies indicates a rela-
tively large number of mild adverse reactions—up to
20% of patients in the study by McMahon et al. (2005).
However, the majority of published studies using intrave-
nous ultrasound contrast agents in children involved
small groups of patients or individual cases, as a result
of which, an objective assessment of tolerability and
possible adverse reactions is not possible (Coleman
et al. 2014; Darge et al. 2013; McMahon et al. 2005;
Piskunowicz et al. 2012).

In our study, one severe complication occurred. Its
course was similar to that of anaphylactic shock in adults

b-mode

(Levano et al. 2012). To date, in addition to the 12 mild
adverse reactions reported (Coleman et al. 2014,
McMahon et al. 2005; Riccabona 2012), this is the
only reported case of severe allergic reaction in a child
after intravenous administration of a second-generation
ultrasound contrast agent. There is a high probability
that this reaction was caused by an allergen that activates
complement (C), tentatively named C activation-related
pseudo-allergy (CARPA) (Szebeni 2005). Although
there is no known common underlying cause for most
pseudo-allergies (reactions caused by radiocontrast me-
dia, non-steroidal anti-inflammatory drugs, analgesics,
morphine and insect venoms), there is substantial evi-
dence suggesting that the reactions caused by liposomes
and micellar solvents have a common trigger mecha-
nism: C activation (Szebeni 2005). SonoVue contains
both potentially allergenic components (liposome, phos-
pholipid shell) and solvents (Macrogol 4000, palmitic
acid) that could cause severe allergic reactions. In these
circumstances, the need to have rapid access to anti-
anaphylactic drugs (particularly epinephrine) with each
use of UCA, both in children and in adults, should be
emphasized.

The dosing regimen presented in our study allowed
us to obtain diagnostic images at a dose of contrast agent
lower than that recommended in adults.

Fig. 3. Nine-year-old girl with a nephroblastoma. Images of lesion obtained in B-mode and contrast-enhanced ultrasound
examinations.
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Table 2. Doses and reported adverse events of intravenously administered ultrasound contrast agents in a pediatric population

Author Number of children Age (y)* Contrast agent Dose of contrast agent (mL) Adverse events
McMabhon et al. 2005 20 Median: 15y (9-18) Optison <20 kg: 0.3 mL 4 mild
>20 kg: 0.5 mL
Bonini et al. 2007 40 Mean: 2.0 y (2 mo-10y) SonoVue 0.5 mL (up to three injections)  None
Valentino et al. 2008 27 Mean: 8.9y (4-13 y) SonoVue 2 X 2.4 mL None
Jacob et al. 2013 44 Median: 11.5 (4-18) SonoVue 1.2-2.4 mL None
Coleman et al. 2014 34 Median: 8.7 (8 mo—20.7 y)  Optison 0.07-0.73 mL 3 mild
or
<20 kg: 0.3 mL
>20 kg: 0.5 mL
This work 137 Mean: 10.2 (0-18) SonoVue 0.1-1.8 mL 1 severe

* Range given in parentheses.

CONCLUSIONS

The continued development of diagnostic methods
using intravenous ultrasound contrast agents in children
is limited by the lack of registration.

A significant restriction is the lack of uniform guide-
lines for monitoring patients under 18 y of age during and
after the administration of intravenous ultrasound
contrast agents. This is the reason it is difficult to analyze
potential side effects and adverse reactions that occur
30 min or longer after the administration of contrast
agent. Another restriction is the lack of a standardized
regimen for second-generation ultrasound contrast agents
in children.

Nonetheless, we hope that our work, despite its lim-
itations, will encourage further standardized, multicenter
studies that will help determine the safety profile and
value of ultrasound contrast agents for intravenous use
in diagnostic imaging.
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