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Exclusion criteria were adulthood, hemodynamical insta-
bility, history of major trauma. Sensitivity, specificity, PPV, 
NPV, and accuracy were determined for US and CEUS 
compared to MDCT.
Results 6/73 patients were negative at US, CEUS, and 
MDCT for the presence of organ injuries. In the remain-
ing 67 patients, US depicted 26/67 parenchymal lesions. 
CEUS identified 67/67 patients (67/67) with parenchy-
mal lesions: 21 lesions of the liver (28.8 %), 26 lesions of 
the spleen (35.6 %), 7 lesions of right kidney (9.6 %), 13 
lesions of left kidney. MDCT confirmed all parenchymal 
lesions (67/67). Thus, the diagnostic performance of CEUS 
was better than that of US, as sensitivity, specificity, PPV, 
NPV, and accuracy were 100, 100, 100, 100, and 100 % for 
CEUS and 38.8, 100, 100, 12.8, and 44 % for US. In some 
patients CEUS identified also prognostic factors as paren-
chymal active bleeding in 8 cases, partial devascularization 
in 1 case; no cases of vascular bleeding, no cases of uri-
noma. MDCT confirmed all parenchymal lesions. Paren-
chymal active bleeding was identified in 16 cases, vascular 
bleeding in 2 cases, urinoma in 2 cases, partial devasculari-
zation in 1 case.
Conclusions CEUS is more sensitive and accurate than 
baseline US and almost as sensitive as CT in the identifi-
cation and characterization of solid organs lesions in blunt 
abdominal trauma. CT is more sensitive and accurate than 
CEUS in identifying prognostic indicators, as active bleed-
ing and urinoma. CEUS should be considered as a useful 
tool in the assessment and monitoring of blunt abdominal 
trauma in children.
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Abstract 
Introduction Localized low-energy abdominal trauma is 
very frequent in the pediatric population. The findings of 
several studies have shown that ultrasonography (US) can 
represent a useful and cost-effective tool in the evaluation 
of blunt abdominal trauma both in adults and children. 
However, many parenchymal injuries are not correctly 
visualized at baseline US examination. The introduction of 
specific US contrast agents contrast-enhanced ultrasound 
(CEUS) has enabled a better identification of traumatic 
organ injuries. The correct use of CEUS could therefore 
identify and select the children who need further diagnos-
tic investigation computed tomography (CT), avoiding 
unnecessary radiation and iodinated contrast medium expo-
sure. The purpose of our study was to assess the sensibility 
and feasibility of CEUS in the assessment of low-energy 
abdominal trauma compared to baseline US in pediatric 
patients, using contrast-enhanced MDCT as the reference 
standard.
Materials and methods We retrospectively reviewed 73 
children (51 M and 22 F; mean age 8.7 ± 2.8 years) who 
presented in our Emergency Department between October 
2012 and October 2013, with history of minor abdominal 
trauma according to the Abbreviated Injury Scale and who 
underwent US, CEUS, and CE-MDCT. Inclusion criteria 
were: male or female, aged 0–16, hemodynamically stable 
patients with a history of minor blunt abdominal trauma. 
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Introduction

Localized low-energy abdominal trauma is very frequent 
in the pediatric population as it can easily happen during 
the child normal daily activities (scholastic or sportive acci-
dent, recreational activities, etc.).

The findings of several studies have shown that ultra-
sonography (US) can represent a useful and cost-effective 
tool in the evaluation of blunt abdominal trauma both in 
adults [1–3] and children [4–7]. Nowadays, this modality 
is widely accepted in Europe and is becoming part for the 
triage of blunt abdominal trauma patients also in the United 
States [8].

However, many parenchymal injuries are not correctly 
visualized at baseline US examination and, moreover, the 
absence of peritoneal free fluid does not enable serious 
organ lesions to be excluded [9, 10]: some researchers have 
reported that 29–34 % of solid organ lesions can occur in 
trauma patients without hemoperitoneum [11, 12].

CT therefore remains the radiologic standard for evalu-
ating patients with abdominal trauma [13]. The introduc-
tion of specific US contrast agents has enabled a better 
identification of traumatic organ injuries at US examination 
[14–19]. The correct use of contrast-enhanced ultrasound 
(CEUS) in the triage of pediatric patients with history of 
blunt abdominal trauma could therefore identify and select 
the children who need further diagnostic investigation 
(CT), avoiding unnecessary radiation and iodinated con-
trast-medium exposure.

This last consideration is even more important if we take 
into account the pediatric population.

Thus, the purpose of our study was to assess the sen-
sibility and reproducibility of CEUS in the assessment of 
low-energy abdominal trauma compared to baseline US in 
pediatric patients, using contrast-enhanced MDCT as the 
reference standard.

Materials and methods

This study was conducted at a large Italian Hospital in 
Rome that serves as a regional center for trauma patients.

We performed a retrospective case-series study that 
included a total of 73 consecutive pediatric patients (51M 
and 22F; mean age 8.7 ± 2.8 years) who arrived in our 
Emergency Department with a history of minor blunt 
abdominal trauma between October 2012 and October 
2013 with these inclusion criteria: male or female, aged 
0–16, hemodynamically stable patients with a history of 
minor blunt abdominal trauma.

Exclusion criteria were adulthood, hemodynamical 
instability, and history of major trauma. According to the 

ATLS Guidelines [20] a major trauma is defined basing 
both on clinical (Table 1) and dynamic criteria (Table 2); 
all the patients who are not classified as major traumatic 
patient could be identified as patient with history of minor 
trauma or low-energy abdominal trauma.

Patients with hemoperitoneum at US examination but 
with unstable vital signs were immediately referred to sur-
gery and therefore were excluded from the study, as already 
declared.

Patients with negative US findings were also excluded, 
were submitted to 24 h clinical observation and then dis-
charged without further abdominal imaging.

The remaining 73 patients, who had a history of minor 
trauma, hemodynamic stability and at least one posi-
tive finding at baseline US, such as abdominal free fluid, 

Table 1  ATLS Criteria for Major Trauma: physical findings

Adult major trauma (Including Traumatic Cardiac Arrest)

For the purpose of this protocol, major trauma is present if the 
patient’s physical findings or the mechanism of injury meets any 
one of the following criteria:

Physical findings

 1. Glasgow Coma Scale is less than or equal to 13

 2. Respiratory rate is less than 10 or more than 29 breaths per 
minute

 3. Pulse rate is less than 50 or more than 120 beats per minute

 4. Systolic blood pressure is less than 90 mmHg

 5. Penetrating injuries to head, neck, torso, or proximal extremities

 6. Two or more suspected proximal long bone fractures

 7. Suspected flail chest

 8. Suspected spinal cord injury or limb paralysis

 9. Amputation (except digits)

 10. Suspected pelvic fracture

 11. Open or depressed skull fracture

Table 2  ATLS criteria for major trauma: mechanisms of injury

Adult Major Trauma (Including Traumatic Cardiac Arrest)

Mechanism of injury

 1. Ejection or partial ejection from an automobile

 2. Death in the same passenger compartment

 3. Extrication time in excess of 20 min

 4. Vehicle collision resulting in 12 inches of intrusion into the pas-
senger compartment

 5. Motorcycle crash >20 MPH or with separation of rider from 
motorcycle

 6. Falls from greater than 20 feet

 7. Vehicle rollover (90° vehicle rotation or more) with unrestrained 
passenger

 8. Vehicle vs pedestrian or bicycle collision above 5 MPH
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perirenal fluid collection, signs of hepatic, splenic, or renal 
injury, were subjected both to CEUS and CE-MDCT.

Written informed consent from parents was always 
obtained, including the information that the use of contrast 
medium that is used is not recommended for children. In 
the 73 patients included in the study, the mechanism of 

trauma was fall from bicycle in 17/73 cases (23.3 %), sports 
in 20/73 (27.3 %), scholastic activity in 12/73 (16.5 %), car 
accident as passenger in 10/73 (13.7 %) and as pedestrian 
in 6/73 (8.2 %), and miscellaneous other causes in 8/73 
(11 %).

Vital sign recording, laboratory tests, and baseline US to 
detect free abdominal fluid as a routine minor trauma pro-
tocol were performed.

US, CEUS, and CT were performed and interpreted by 
three different radiologists (R1, R2, and R3) interchanged 
throughout the different patients included and with at least 
10 years of experience in the Emergency Department (R1, 
25 years of experience, R2, 15 years of experience; R3, 
10 years of experience), blinded to the results of the other 
examinations.

The US examination was performed using a Acuson 
Sequoia 512 Ultrasound System (Siemens, Germany), 
equipped with both curved- and linear-array probes. The 

Table 3  Number and distribution of traumatic solid organ lesions on 
MDCT, CEUS, and US

MDCT CEUS US

Negative for  
parenchymal injuries

6 (8.2 %) 6 (8.2 %) 47 (64.4 %)

Left kidney 13 (17.8 %) 13 (17.8 %) 2 (2.7 %)

Right kidney 7 (9.6 %) 7 (9.6 %) 2 (2.7 %)

Spleen 26 (35.6 %) 26 (35.6 %) 7 (9.6 %)

Liver 21 (28.8 %) 21 (23.8 %) 15 (20.6 %)

Fig. 1  12-year-old girl admitted to the hospital after a fall from horse 
during riding. a Baseline US shows a diffuse inhomogeneity within 
the right hepatic lobe (white arrows). b At CEUS examination is 

clearly visible a well-defined hypoechoic lesion (white arrows) clas-
sified as IV grade (AAST classification). (c, d) Axial and coronal 
MDCT images that confirm the CEUS findings
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study was conducted to detect the presence of free intra-
peritoneal fluid in the perihepatic area, the Morrison pouch, 
the epigastric region, the perisplenic region, the paracolic 
gutters, and the Douglas pouch and the presence of peri-
renal fluid collection. Intraabdominal organs were specifi-
cally evaluated for evidence of injury.

CEUS was performed immediately after baseline US.
Adequate ultrasound technology consisting of a con-

trast-specific software which operates in real-time at a 
low mechanical index (pulse inversion technology) was 
applied. Two 1.2 ml bolus of second-generation blood pool 
contrast agent (Sonovue, Bracco, Italy), were administered 
through a 20-gage catheter placed in antecubital vein, fol-
lowed by saline (0.9 % NaCl). An abdominal scanning of 
3 consecutive minutes was performed for each bolus, start-
ing from the right and left kidney, liver and pancreas; last, 
the spleen.

A traumatic lesion was identified as the presence of 
an hypoechoic area which persisted unchanged during 
all the acquisition phases, with a subcapsular distribution 
in the case of hematoma or a parenchymal localization 
in the case of lacerations. The presence of intralesional 
hyperechoic spots was interpreted as a sign of active 
bleeding.

Biphasic CE-MDCT examination was performed using a 
MDCT 16 scanner (LightSpeed 16—GE Healthcare, USA). 
The scanning parameters were as follows: 100–250 mAs 
(applied with the care-dose technique and with a medium 
value of 115 mAs), 100–120 kV (according to body habi-
tus), 2.5 mm collimation, 13,5 mm/s table, and 1 mm 
reconstruction interval.

A dose of 2.5 ml/kg of non-ionic contrast agent (Xenetix 
350, Guerbet, France) was injected at a rate of 1.5–2 ml/s. 
Arterial phase is performed with an acquisition delay 

Fig. 2  Splenic laceration in 9-year-old child who beated the left 
flank against the school desk (a) longitudinal scanning at baseline US 
shows normal findings. b At CEUS examination is clearly visible a 

splenic laceration with associated hemoperitoneum c (white arrows), 
findings subsequently confirmed at MDCT (d, e)
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of 40 s; a venous phase is routinely performed with 70 s 
delay; late phase (5 min) was performed only in case of 
suspected urinary tract lesion.

The presence of a parenchymal bleeding was defined 
as the presence of hyperechoic/hyperdense post-contrast 
intralesional spots.

At MDCT, vascular bleeding was stated if hemoperito-
neum with an evident active extravasation was identified.

The main vital sign and liver and kidney laboratory tests 
were recorded for 24 h to evaluate any adverse effect due to 
contrast medium administration.

Sensitivity, specificity, and positive and negative predic-
tive values were determined for US and CEUS compared to 
MDCT, considered as the reference standard.

Results

On baseline US, 6/73 patients (8.2 %) (5F; 1M) showed 
the presence of free intraperitoneal fluid, but were 

negative at US, CEUS, and MDCT examination for the 
presence of organ injuries; these patients were consid-
ered to have free intraperitoneal fluid for gynecological 
causes (n = 3), gastroenteritis (n = 2), miscellaneous 
(n = 1).

In the remaining 67 patients, baseline US depicted 26/67 
parenchymal lesions (38 %), defined as a inhomogeneous 
hyper or hypoechoic area in a solid organ or a distortion of 
the normal echostructure. Baseline US did not detect any 
case of parenchymal active bleedings, vascular bleeding, 
and urinomas.

On CEUS examination, organ injuries appeared as 
strongly hypoechoic areas with or without interruption of 
the anatomic profile. Microbubbles within the lesion were 
considered as a sign of parenchymal active bleeding.

CEUS identified 67/67 patients (67/67) with paren-
chymal lesions (Table 3): 21 lesions of the liver (28.8 %) 
(Fig. 1), 26 lesions of the spleen (35.6 %) (Fig. 2), 7 lesions 
of right kidney (9.6 %) (Fig. 3), and 13 lesions of left kid-
ney (17.8 %).

Fig. 3  II grade renal injury in a 9-year-old girl. a At baseline US is 
visible a mild hyperechoic area within the middle-third of the right 
kidney, without evidence of renal fracture (white arrow). b CEUS 

examination shows a linear renal fracture not <1 cm parenchymal 
depth in renal cortex (white arrow) with associated perirenal hema-
toma (arrowhead), II grade renal injury, confirmed at MDCT (c)
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In 9 patients CEUS identified also prognostic indicators: 
8 cases of parenchymal active bleeding (53.3 %) (Fig. 4), 1 
case of partial devascularization (Fig. 5), no cases of vascu-
lar bleeding, no cases of urinoma (Table 4).

MDCT confirmed all parenchymal lesions (67/67), 21 
lesions of the liver, 26 lesions of the spleen, 7 lesions of 
right kidney, 13 lesions of left kidney, Parenchymal active 
bleeding was identified in 16 cases (Fig. 6), partial devas-
cularisation in 1 case (Fig. 5), vascular bleeding in 2 cases, 
urinoma in 2 cases (Fig. 7).

Using CT as the reference standard, baseline US missed 
41 (62 %) parenchymal lesions and all cases of parenchy-
mal or vascular active bleeding, urinomas and devasculari-
zation. CEUS identified all parenchymal lesions (100 %), 
8/16 parenchymal active bleeding (50 %), 1/1 partial devas-
cularization, 0/2 vascular bleeding, 0/2 urinomas.

Thus, in the evaluation of parenchymal lesions the diag-
nostic performance of CEUS was much better than that of 

US, as sensitivity, specificity, PPV, NPV, and accuracy in 
the evaluation of parenchymal lesions were, respectively, 
100, 100, 100, 100, and 100 % for CEUS and 38.8, 100, 
100, 12.8, and 44 % for US (Table 5).

No adverse effects were observed for both CEUS and 
CE-MDCT.

Discussion

CE-MDCT is the most used and sensitive imaging modal-
ity in traumatic lesion assessment. It is able to depict both 
parenchymal and vascular lesions (including active bleed-
ing) which are the major predictors of nonsurgical manage-
ment [21–23].

Baseline US has a low sensitivity in the detection 
of parenchymal lesions and, as hemoperitoneum is not 
always present in patients with solid organ injuries, it is 

Fig. 4  9-year-old-boy with history of sportive accident. a At base-
line US is appreciable only a mild inhomogeneity of the IV hepatic 
segment without a clearly visible lesion (white arrows). b Transverse 
contrast-enhanced sonogram shows a well-defined hepatic laceration 

(white arrow) with evidence of microbubbles within the lesion (white 
arrowhead), interpreted as a sign of parenchymal active bleeding, 
subsequently confirmed at MDCT examination (c, d) (black arrow-
heads)
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not reliable in the exclusion of traumatic abdominal lesions 
[24–26]. Poletti PA et al. [27] found that up to 31 % of CT-
proved intra-abdominal injuries do not have associated free 
fluid and that US has a very low sensitivity in directly dem-
onstrating organ injuries, especially splenic lacerations, 
even with optimal condition of use. This consideration is 
disappointing, if we consider the fact that trauma to the 

splenic parenchyma can result in massive and unpredict-
able delayed bleeding [28–31].

Regarding pediatric population, Emery et al. [32] found 
that 34 % of US negative examination children had an 
intra-abdominal injury at CT and so reached the conclu-
sion that screening US for the depiction of blunt abdominal 
trauma should be approached with caution.

In our population, we found that the presence of free 
intraperitoneal fluid is not always due to traumatic causes: 
in the 8.2 % of cases it was related to other different 
causes—gynecological (50 %), gastroenteritis (33.3 %), 
miscellaneous (16.7 %)—and it should not be considered 
a reliable specific indirect sign of organ traumatic injuries.

The introduction of US contrast agents has led to an 
increase in the diagnostic accuracy of US in many organs 
and many studies conducted to assess trauma in adults have 
showed that its sensitivity is almost the same as that of 

Fig. 5  10-year-old boy, who fell in the pool, beating the left flank. 
Baseline US (a) shows swelling and echostructural inhomogeneity of 
the lower pole of the spleen (white arrow). CEUS shows a large trian-
gular-shaped hypoechoic area at the lower pole of the spleen (white 

arrow), interpreted as an area of devascularization. Axial and coronal 
MDCT views (c, d), confirm the triangular-shaped area of devascu-
larization at the lower pole of the spleen

Table 4  Identification of prognostic indicators on MDCT, CEUS, 
and US

MDCT CEUS US

Parenchymal active bleeding 16 8 (50 %) 0 (0 %)

Vascular active bleeding 2 0 (0 %) 0 (0 %)

Urinomas 2 0 (0 %) 0 (0 %)

Partial devascularization 1 1 (1.5 %) 0 (0 %)
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CE-MDCT [13, 28]. Few studies exist on the use of CEUS 
in childhood [33], because the use of ultrasound contrast 
agents in children has not been officially approved since 
these contrast media are not licensed for pediatric use. 
However, a large survey study were carried out, which also 
included the use of product in intravenous route: responses 
suggest a favorable safety profile of this second-generation 
ultrasound contrast agents in children and also demonstrate 
a demand for such contrast agents from pediatric radiolo-
gists [34].

CEUS allows to demonstrate lesions even in places of 
difficult exploration with US, such as the upper pole of the 
spleen, whose study is often made difficult from the air of 
the pulmonary basis (Fig. 8).

At baseline US traumatic lesions appear as mild and 
irregular hyperechoic areas. During the CEUS examina-
tion, organ injuries appear as strongly hypoechoic areas 
compared to the homogeneous echogenicity of the sur-
rounding parenchyma (Figs. 2, 9).

In our study, we were able to correctly identify at CEUS 
examination 100 % of solid organ lesions, with great accu-
racy in defining also the extension of the lesions compared 
to CE-MDCT.

In fact, the capability of contrast-enhanced US of cor-
rectly identify the extension of the traumatic lesion can 
be considered a very useful tool not only in the injury 
detection but also in the traumatic lesion grading and 
classification.

Fig. 6  Renal injury in 12-year-old girl with history of bicycle acci-
dent. a Baseline US shows a mild hyperechoic area in the middle-
third of the right kidney. b Longitudinal and transverse c CEUS 
images of the same patients in which it is evident a renal fracture with 
an associated perirenal collection (arrowhead) and evidence of hyper-
echoic spots within it (white arrow) that at a subsequent angiography 

examination showed to be an active bleeding from a segmental renal 
artery and not extravasation from the urinary system. d, e MDCT 
urographic-phase: the perirenal collection showed to be a perirenal 
hematoma with evidence of active bleeding (white arrow); a clot is 
visible in the right urinary system (black arrowhead)
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The sensitivity, NPV, and accuracy were significantly 
higher than those of baseline US, with good agreement 
with CT findings.

In particular, considering the high NPV obtained in 
our study (100 %), we can be pretty sure that a patient 
with CEUS negative findings does not have solid organ 
traumatic injuries and therefore should not perform a CE-
MDCT examination but could be safely clinically observed.

According to these results, we propose the use of CEUS 
examination as the first line approach in children with his-
tory of minor blunt abdominal trauma (Table 6).

In particular, according to our results, in case of 
CEUS negative findings, the patients could be dis-
charged home and eventually followed-up with another 
CEUS examination after 7 days and phone-interviews up 
to 30 days. In case of positive-CEUS findings the patient 

Fig. 7  Renal injury in a 10-year-old girl after a bicycle accident.  
a Longitudinal baseline US of the right kidney with no relevant trau-
matic findings. b, c CEUS shows a well-defined renal fracture and the 
presence of a perirenal collection that seems to be a perirenal hema-
toma (white arrows). d MDCT examination (courtesy of prof. G. 

Gualdi, Sapienza University of Rome-Italy) confirms the renal injury; 
in the delayed phase, performed 5 min after contrast medium admin-
istration e, f the perirenal collection turns out to be a urinoma with 
evidence of opacified urine leakage

Table 5  Statistical analysis

Statistics (n = 73) CEUS (%) US (%)

Sensitivity 100 38.8

Specificity 100 100

Negative predictive value 100 12.8

Positive predictive value 100 100

Accuracy 100 44
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should undergo a CE-MDCT examination in order to 
confirm the traumatic lesions and to assess the presence 
of negative prognostic factors as active bleeding and uri-
nomas [35, 36].

The poor ability to detect active bleeding and urinomas 
is the largest limit of CEUS in the blunt abdominal trauma 
examination.

Regarding urinomas, we can say that US contrast agents 
are intravascular and are unsuitable for demonstrating 
extravasation in the renal collecting system (Fig. 7).

As concern the active bleeding, we must differentiate 
between parenchymal and vascular bleeding: we were able 
to correctly identify only 50 % of parenchymal bleeding 
(8/16) and no cases of vascular bleeding (0/2). However, 
in these last cases, both US and CEUS identified mas-
sive hemoperitoneum which represents an indirect sign of 
severe abdominal organ injury and put the clinical indica-
tion to perform a CT.

Another significant limitation is that CEUS can not 
detect direct signs of peritoneal bleeding due to injuries of 
the intestine and mesentery. However, should be considered 
that these lesions, unlike those of solid organs that are the 
object of the present work, occur more frequently in high-
energy trauma, rather than in the minor trauma. Moreover, 
both baseline ultrasound and CEUS are able to detect the 
presence of free fluid in the peritoneal cavity, thus placing 
the suspected diagnosis of a traumatic injury.

Conclusions

In conclusion, our findings show that CEUS in children is 
more sensitive and accurate than baseline US and almost 
as sensitive as CT in the identification and characterization 
of blunt abdominal trauma. These results are in agreement 
with the experience of Valentino et al. [33] who suggest 

Fig. 8  Splenic injury in a 
10-year-old boy. a Baseline US 
shows homogeneous splenic 
parenchyma without suspect 
findings; at CEUS examination 
(b) is appreciable an upper pole 
splenic laceration (white arrow), 
with associated perisplenic 
hematoma (white arrowhead), 
confirmed at MDCT (c)
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that CEUS can be considered for the triage of hemodynam-
ically stable children with history of abdominal trauma.

CT is more sensitive and accurate than CEUS in identi-
fying prognostic indicators, as active bleeding and urinoma.

Moreover, CEUS can be performed at the patient’s 
bedside, without moving the traumatized child to the CT 
section, representing a useful alternative to CT also in the 
follow-up of hospitalized children with a known abdominal 
injury [37].

Finally, but not less important, no sedation is needed to 
perform CEUS examination, avoiding the possibility of 
inducing a hypotension crisis in the little traumatized patient.

According to ALARA’s criteria, our data suggest that 
CEUS should be considered as a useful and cost-effective 
tool in the assessment and monitoring of blunt abdominal 
trauma in children.

Fig. 9  9-year-old boy, domestic accident (a) Baseline US shows only 
a mild and irregular hyperechoic areas within the right hepatic lobe 
(white arrows). b At CEUS examination, the traumatic lesion appear 

as a strongly hypoechoic area (white arrows) that can be classified as 
a IV grade lesion according to the AAST classification. c, d Axial and 
coronal MDCT views confirm the findings

Table 6  Flow-Chart: CEUS: contrast-enhanced ultrasound. MDCT: 
multidetector computed tomography
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