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ABSTRACT
Baseline ultrasound is essential in the early assessment of patients with a huge haemoperitoneum undergoing an immediate
abdominal surgery; nevertheless, even with a highly experienced operator, it is not sufficient to exclude parenchymal injuries. More
recently, a new ultrasound technique using second generation contrast agents, named contrast-enhanced ultrasound (CEUS) has
been developed. This technique allows all the vascular phase to be performed in real time, increasing ultrasound capability to
detect parenchymal injuries, enhancing some qualitative findings, such as lesion extension, margins and its relationship with
capsule and vessels. CEUS has been demonstrated to be almost as sensitive as contrast-enhanced CT in the detection of
traumatic injuries in patients with low-energy isolated abdominal trauma, with levels of sensitivity and specificity up to 95%.
Several studies demonstrated its ability to detect lesions occurring in the liver, spleen, pancreas and kidneys and also to recognize
active bleeding as hyperechoic bands appearing as round or oval spots of variable size. Its role seems to be really relevant in
paediatric patients, thus avoiding a routine exposure to ionizing radiation. Nevertheless, CEUS is strongly operator dependent,
and it has some limitations, such as the cost of contrast media, lack of panoramicity, the difficulty to explore some deep regions
and the poor ability to detect injuries to the urinary tract. On the other hand, it is timesaving, and it has several advantages, such
as its portability, the safety of contrast agent, the lack to ionizing radiation exposure and therefore its repeatability, which allows
follow-up of those traumas managed conservatively, especially in cases of fertile females and paediatric patients.

INTRODUCTION
Nowadays, trauma is the third leading cause of death in the
ﬁrst four decades of life, and it is often associated with
permanent disability.1
Blunt abdominal trauma is a really frequent entity in patients
with polytrauma, and since clinical examination does not
always give sufﬁcient information about the presence and the
extension of solid organ injuries, it is mandatory to use imaging techniques as reliable as possible to have an accurate
staging of the disease. Ultrasonography (US) is really valuable
in the early assessment of a polytrauma, regardless of haemodynamic status; in fact, owing to its high sensitivity in the
identiﬁcation of intra-abdominal free ﬂuid, it has largely replaced peritoneal lavage, becoming the ﬁrst method used
for this purpose, especially in haemodynamically unstable
patients.2,3 This technique is known worldwide with the acronym FAST (focused assessment with sonography for trauma).
In fact, several studies have shown that its sensitivity for
detection of intraperitoneal free ﬂuid is excellent, ranging

from 63% to 99%,4–6 so that nowadays there is a general
consensus in stating that in a haemodynamically unstable
patient with polytrauma at admission, the presence of a huge
amount of free intraperitoneal ﬂuid detected by ultrasound
requires an emergency laparotomy. Its advantages consist of
lack of ionizing radiations, its portability, the possibility to
be performed at patient’s bedside and its high sensibility in
the detection of intraperitonal ﬂuid,7 comparable with
CT. Nevertheless, ultrasound has its own limitations,
because it is strongly operator dependent and body-type’
patient dependent, and above all its accuracy in the
detection of solid organ injury is very low, especially in
the absence of abdominal free ﬂuid,8 as demonstrated by
Valentino et al9 who reported a sensitivity of 45.7% in
the assessment of traumatic lesions.
Therefore, ultrasound is essential in the assessment of
haemodynamically unstable patients with a huge haemoperitoneum undergoing an immediate abdominal surgery;
nevertheless, even with a high experienced operator, it is
not sufﬁcient to exclude parenchymal injuries.
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In the recent years, a new ultrasound technique using second
generation ultrasound contrast agents (USCAs), named
contrast-enhanced ultrasound (CEUS) has been developed.
This technique employs a software operating at low mechanical
index able to analyse the resonance signals originated by second
generation contrast agents without the destruction of bubbles,
allowing to perform all the vascular phase in real time.10–12
These contrast agents, consisting of perﬂuorocarbon or sulphur
hexaﬂuoride, encapsulated by a very resistant phospholipid shell,
are composed by stabilized gas microbubbles (1–7 micron), which
are blood-pool agents with a non-linear reverberation. They remain intravascular and produce a non-linear harmonic response
that can be separated from the tissue signal using contrast harmonic ultrasound.13,14
Sonovue® (Bracco, Milan, Italy) is the USCA currently used in
Europe. It is a lyophilized powder to be suspended in water. Its
preparation takes only a few seconds, and once in solution, it is
immediately ready to be used.15 In addition, it does not require
fasting or laboratory tests.
The contrast agent is administered with a quick bolus through an
antecubital vein. The arterial phase starts after 10–20 s and proceeds
up to 30–40 s. During the venous and late phase, the contrast agent is
distributed to the whole capillary bed and the concentration slowly
decreases until its excretion through the lungs. The venous and late
phase lasts in the range of 2–6 min, varying in each abdominal
parenchyma that is continuously scanned during each contrast
phase. CEUS allows continuous depiction of the lesion in real time.
Figure 1. Contrast-enhanced ultrasound (CEUS) protocol.
CEUS is performed in sequence before exploring the kidneys,
then the liver and finally the spleen.
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The low solubility of Sonovue®, associated with the high resistance of its shell to the mechanical effect of ultrasound beam,
gives it a long duration, so that it is possible to explore in real
time all the vascular phases. Contrast imaging requires a dedicated software, able to suppress the signals coming
from stationary tissue improving contrast resolution, such as
a real-time harmonic imaging scanning using dynamic low
mechanical index,16 which allows to differentiate the signal between background tissue and gas-ﬁlled microbubbles, without
bursting the last.17,18
The microbubbles emit harmonics at twice the insonation frequency by the reﬂection of ultrasound beam, then the transducer
separates the fundamental frequency from the second harmonic
using inverted phase pulse, and then acquires the signal.9,19
These contrast agents are routinely employed in most European as
well as in many countries in Asia, and they recently obtained FDA
approval for echocardiography.20 They differ from CT and MRI
contrast agents because they are fundamentally intravascular
(‘‘blood-pool’’) substances, lacking any interstitial spread, so that
CEUS ﬁndings mainly overlap CT and MR ones during arterial
phase imaging but not in the venous one, because CT and MR
contrast media spread out into the extravascular space.
USCA is administered IV in two split doses of 2.4 ml each in
order to evaluate the right and left upper quadrant separately; it
is injected in an antecubital vein followed by 10 ml of saline
water. The entire examination lasts for 4–6 min (Figure 1).
USCAs are generally well tolerated with a rate of adverse reactions
very low (about 0.014%).21–24 Some contraindications include
severe cardiopulmonary conditions.25 They do not have any
interactions with the thyroid gland, and they are not nephrotoxic,
thus can be safely applied in case of acute or chronic renal failure
because they have not a renal excretion.20
Their employment is not authorized on pregnant females and
during breast feeding.
Few studies exist on the use of CEUS in childhood,26,27 because
the ultrasound contrast agents are not licensed for paediatric
use. However, a large survey study was carried out, which also
included the use of product in intravenous route: responses
suggest a favourable safety proﬁle of this second generation ultrasound contrast agents in children.28
The solid organ parenchymal enhancement after intravenous
administration of USCAs is different, depending on the differences in the organ vascularization. The kidneys have the most
rapid, intense enhancement as a consequence of lacking glomerular ﬁltration; the spleen shows a strong but persistent enhancement (up to 6 or 8 min); the liver and the pancreas behave
intermediately, showing a mounting enhancement of their intensity. In the liver, because of the dual vascular supply, the
hepatic phases after the arterial phase include the portal phase
(40–120 s after contrast injection) and the sinusoidal (or late)
phase (120–300 s after contrast injection).
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Figure 2. Child, hepatic injury. (a) Baseline ultrasonography shows a mild hyperechoic area in the liver parenchyma; (b) contrastenhanced ultrasound (CEUS) demonstrates a well-defined hypoechoic lesion (white arrow); (c) axial scan and (d) coronal CT
reconstruction confirm the hepatic lesion, corresponding in size and shape to that observed at CEUS.

CEUS ﬁndings are related to contrast media distribution, deﬁned as
homogeneous, heterogeneous or absent. A normal parenchyma
appears as homogeneous and hyperechoic without any distortion of
the echotexture, and the vascular structures are clearly recognizable.

A solid organ injury appears as a non-enhancing defect, sharply demarcated from the well enhanced and healthy tissue, especially during
the venous phase29,30 (Figure 2). In particular, bruises show different
aspects, because they can appear as simple and ill-deﬁned oedematous

Figure 3. Child, renal injury. (a) Baseline ultrasonography shows echostructural inhomogeneity of the middle of the left kidney;
(b) contrast-enhanced ultrasound (CEUS) demonstrates a subtle renal laceration (white arrow) and a subcapsular haematoma
surrounding the kidney; (c) axial CT scan and (d) coronal reconstruction confirm the CEUS findings (arrowheads).

3 of 15 birpublications.org/bjr

Br J Radiol;89:20150823

BJR

Vittorio Miele et al

Figure 4. Child, hepatic injury. (a) Baseline ultrasonography shows only echostructural inhomogeneity on VII hepatic segment;
(b–c) contrast-enhanced ultrasound demonstrates a laceration and parenchymal haematoma (arrowheads) involving the hepatic
capsule, with hyperechoic bubbles indicating active bleeding (white arrow); (d) axial CT scan and (e) coronal reconstruction
confirm the involvement of hepatic capsule and the active bleeding in peritoneal cavity.

areas to hypoechoic image with a reduced perfusion. Lacerations are
recognizable as linear or branched hypoechoic bands, perpendicular to
the organ capsule, and they can be associated with capsular discontinuity.

The intraparenchymal haematoma appears as heterogeneous
hypoechoic area with ill-deﬁned contours with a poor deﬁnition
of vascular structures; subcapsular haematoma is usually

Figure 5. Child, splenic trauma. (a) Baseline ultrasonography shows swelling and echostructural inhomogeneity of the lower pole of
the spleen (arrowhead); (b) contrast-enhanced ultrasound shows a large triangular-shaped hypoechoic area at the lower pole of the
spleen (white arrow), corresponding to an area of devascularization; (c) axial CT scan and (d) coronal view confirm the triangularshaped not vascularized area.
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identiﬁed as a non-enhancing lenticular area surrounding parenchyma (Figure 3) in which it can be possible to recognize
active extravasation of contrast media.31,32

phase owing to their echogenicity with respect to the healthy
tissue; so that CT remains the standard of reference for hepatic
lesions due to high-energy trauma.

Active bleeding is visualized in the early stage as microbubbles
extravasation within the peritoneal or retroperitoneal space
(Figure 4). The absence of organ perfusion (Figure 5) is indicative of complete avulsion of the vascular pedicle.

Some studies reported the high value of CEUS in the staging of
hepatic lesions following mild isolated abdominal trauma, such
as demonstrated in our previous work33 where the accuracy of
CEUS was compared with conventional ultrasound and spiral
CT. 203 patients with isolated abdominal trauma were examined
with baseline US and CEUS and a spiral CT as the standard of
reference, evaluating the number of lesions, capsular involvement,
the size and their sonographic pattern.

For a trauma protocol, CEUS follows conventional ultrasound in
the assessment of solid organ injuries. It can be performed using
contrast pulse sequencing or using pulse inversion harmonic
and energy-modulated technique at low acoustic power. The
focus is set to the deeper aspect of the organ with a potential
traumatic injury.20
TRAUMATIC LESIONS
Liver
Hepatic injuries appear as areas of absent or reduced perfusion,
better recognizable during the venous phase, which lasts about
2 min;33,34 in fact, in the late phase (lasting until the complete
microbubbles clearance from the liver parenchyma, occurring at
4–6 min), the image deteriorates very quickly and all the parenchymal defects become indistinguishable. The complete exploration of the liver can be limited by its wide surface and by
areas not easily accessible such as hepatic dome and lateral
segments, especially in uncooperative patients because of interposition of ribs, stomach and intestines. Moreover, those
injuries of severe entities are not easily detected in the acute

In this study, CEUS correctly identiﬁed all of the lesions detected
by conventional ultrasound, recognizing conﬂuent lesions
measuring up to 3 cm in diameter in two patients, missed on
conventional ultrasound, and in other four patients, it identiﬁed
one traumatic lesion not visible with basal ultrasound. CEUS
was able to recognize capsular involvement in 14 patients, and in
3 of these patients, the involvement had not been correctly
identiﬁed on conventional ultrasound (Figure 6). At CEUS, the
aspect of hepatic injury was of a strongly hypoechoic area against
the healthy tissue with an increased echogenicity. With respect to
conventional ultrasound, the lesions appeared with better deﬁned margins and larger size because of a better deﬁnition of
peripheral components (Figure 7).
Therefore, the employment of CEUS greatly improved the
quantity and quality of ﬁndings with respect to conventional

Figure 6. Young females, hepatic injury. (a) Baseline ultrasonography, irregular hyperechoic area in the right lobe. Capsular
involvement is not demonstrated; (b) contrast-enhanced ultrasound shows multiple lacerations in the right hepatic lobe, involving
the capsular surface; (c) axial CT scan and (d) coronal view confirm a huge irregular-shaped laceration and the capsular rupture.
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ultrasound, because the number of detected lesions increased as
also the number of appreciable foci; there was also a high improvement in image quality which leads to a better deﬁnition of
lesion size. In almost all the cases, the assessment of lesions
identiﬁed by CEUS was similar to CT, allowing a precise grading
of lesions, with a prognostic value equal to that of CT.
Spleen
This is the most frequent organ affected by abdominal trauma.35
As occurs in the liver, the evaluation of the spleen can be limited
by the interposition of ribs and the splenic ﬂexure, especially
referring to the exploration of the upper pole and the subphrenic region (Figure 8). Its arterial phase starts at 12–20 s and
it has a long duration, responsible for a peculiar irregular enhancement of the organ, called “zebra”, because of the movement of the contrast media within the red pulp and the white
pulp. This feature makes difﬁcult to recognize any tissue lesion.
The venous phase, starting at 40–60 s after contrast-media injection, is the most reliable one for the detection of organ injury,
because the healthy parenchyma appears as homogeneous enhancing tissue with a long duration (about 5–7 min).36 Catalano
et al37 described the CEUS ﬁndings of the traumatized spleen. In
our recent experience38 in which 256 patients with a history of
low-energy blunt abdominal trauma were retrospectively evaluated, CEUS identiﬁed 34/35 splenic injuries with CT as the
standard of reference; the false-negative result was due to
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a splenic lesion measuring ,1 cm (which had not relevant
consequences for patient management and prognosis) demonstrating that CEUS was accurate as CT in the detection and
staging of traumatic splenic injuries (Figure 9).
A disturbing factor affecting this technique performed on the
spleen is the quick decrease of enhancement in splenic veins,
because the spleen acts as an active ﬁlter of microbubbles, thus
resulting in a mild perfusion of splenic vessels. This peculiarity
may create a problem of differential diagnosis as the veins can be
mistaken with lacerations, but the awareness of this circumstance can help to solve this problem. A reinjection of a second
bolus of USCA can help when in doubt, as recommended by
Valentino et al.34
Kidneys
CEUS often outperforms conventional ultrasound in the evaluation of renal trauma. In the kidney, the cortex usually
enhances very soon and very intensively, while the pyramids
enhance from the periphery to the centre in about 30 s.39 The
optimal time period for kidney assessment is up to 2.5 min,
because it is the most effective time period to detect renal
injuries. The two kidneys have to be explorated separately with
two different boluses; their exploration can sometimes be difﬁcult because the left one, in particular, can be hidden by ribs
and bowel gas.40

Figure 7. Males, hepatic injury. (a) Baseline ultrasonography shows a large hyperechoic area in the right lobe; (b) on contrastenhanced ultrasound (CEUS), compared with conventional ultrasound, the lesion appears to have better defined margins (white
arrows) because of a better definition of peripheral components; (c) axial CT scan and (d) coronal reconstruction show finding
similar to CEUS.
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Renal traumatic injuries may appear as defects of vascularization
in a normally perfused organ.
When a thrombosis or a renal artery tear occurs, they manifest
as absence of parenchymal perfusion;41 focal contrast material
extravasation suggests active haemorrhage (Figure 10).
Our experience on renal trauma42 showed that CEUS was able to
correctly identify 28/28 renal parenchymal lesions, with or without perirenal or retroperitoneal haematoma and that MDCT
conﬁrmed all the cases positive at CEUS. One of the main concern of CEUS performed for renal injuries is its inability to
detect lesions of collecting system because of a lack of
microbubbles urinary excretion (Figure 11). Thus, CEUS is
not recommended in case of suspicion of injury to the urinary
tract, being contrast-enhanced CT (CE-CT) the gold standard
for this purpose.38
Pancreas
Pancreatic trauma is relatively uncommon, occurring in ,2% of
blunt abdominal trauma, but owing to its retroperitoneal location,
mortality is quite high, ranging from 70% to 80% when there is
also involvement of aorta, the superior mesenteric artery or
vena cava.
Missed pancreatic lesions lead to complications in 20–30% of
cases and mortality in about 20%; therefore, a prompt diagnosis
is essential.
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Since its retroperitoneal location, physical examination is not
reliable; CT is the gold standard to evaluate any pancreatic injury
because of the low sensitivity and speciﬁcity of ultrasound in
post-traumatic pancreatic damage,35 useful to identify only
peripancreatic ﬂuid; nevertheless, CE-CT cannot be used at
patient’s bedside for an early diagnosis or at trauma scene. In
a previously published report, a case of pancreatic lesion has
been detected with CEUS43 in a 5-year-old boy suffering from
pancreatic laceration.
More recently, LV et al44 have investigated the role of CEUS in
the detection of pancreatic injury in a larger cohort of patients,
with CE-CT as the standard of reference.
In this study, CEUS correctly identiﬁed 21/22 pancreatic
lesions, appearing as anechoic or hypoechoic perfusion
defects with blurred margins and capsular involvement; the
detection rate of CEUS with CT as the reference standard was
95.5%. In addition, CEUS was also able to identify 6/21
pancreatic ductal injuries with respect to CE-CT which
identiﬁed 7/22. By CEUS, it was possible to better evaluate
the peripancreatic space with respect to conventional ultrasound, because of the difference in blood supply making
possible to visualize with higher detail pancreatic and peripancreatic microcirculation perfusion. The authors highlighted the capability of CEUS to detect parenchymal and
capsular injuries with excellent imaging characteristics and its

Figure 8. Young girl, splenic injury. (a) Baseline ultrasonography not clearly depicts the upper pole of the spleen; (b) contrastenhanced ultrasound demonstrates a complete fracture of the subphrenic region of the spleen, involving the capsule (white arrow),
which is confirmed on (c) axial CT scan and (d) coronal view.
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Figure 9. Females, splenic and renal injury. (a–b) Contrast-enhanced ultrasound shows a subtle lesion of splenic parenchyma,
involving the capsule, which was not evident on baseline ultrasonography. A large cyst of renal upper pole is also depicted; (c–d)
axial CT scan confirms the little lesion of the spleen and a subcapsular renal haematoma, due to the rupture of the upper pole cyst.

portability, allowing its employment in emergency room and at
patient’s bedside. Moreover, CEUS is timely, with a room time
,5 min and it can be performed without interrupting other
physical examination or resuscitation procedures. The authors
concluded declaring that CEUS should not be intended as a substitute for CT but a possibility to boost ultrasound role in the
screening of pancreatic trauma (Figure 12).
Active bleeding
CEUS is able to demonstrate active contrast media extravasation
as hyperechoic bands appearing as round or oval spot of variable
size or as a fountain-like or serpentine-like hyperechoic jet.45–47
Because of a real-time scanning, CEUS can easily detect contrast
extravasation immediately after vessel opaciﬁcation.48 As Catalano et al demonstrated,49 CEUS correctly identiﬁed 20 cases of
active bleeding, and among these, 9 had an available CE-CT
correlation which conﬁrmed the presence and location of
bleeding; among the patients with a negative CEUS for active
bleeding, CT conﬁrmed these data. Both the techniques demonstrated to have 100% of sensitivity and speciﬁcity for active
bleeding diagnosis.
The authors outline that active bleeding should be differentiable
from calciﬁcations, which appear unchanged over time and visible
also on pre-contrast scans; from normal vessels, which have a different anatomy and a more regular course; from pseudoaneurysms
and post-traumautic arteriovenous ﬁstulas which appear quite
similar to active bleeding (Figure 13), although this differential
diagnosis is clinically less relevant because both the situations require further procedures such as surgery or embolization.
Paediatric patients
As previously reported, CEUS is almost as sensitive as CT in the
assessment of blunt abdominal trauma in adults, allowing to
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select those patients who need further diagnostic investigation and
procedures. It seems to have the same relevant role also in paediatric population;50–52 in fact, as demonstrated by Valentino
et al26 who compared the sensitivity and speciﬁcity of baseline
ultrasound with that of CEUS in the detection of solid organ
injuries in children with blunt abdominal trauma, with CT as the
gold standard; in a cohort of 27 patients, CEUS showed 13 of 14
lesions in 12 patients with positive CT and no lesions in patients
with negative CT, demonstrating that CEUS was accurate almost
as CT in the detection of solid organ lesions. Our experience
about this topic has shown to be quite similar;27 in fact, CEUS
identiﬁed 67/67 patients with parenchymal lesions with respect to
baseline ultrasound (26/67) with a diagnostic accuracy of 100%.
Moreover, in some patients, CEUS identiﬁed also prognostic
factors, such as parenchymal active bleeding in 8 cases (Figure 4)
and partial devascularization in 1 case (Figure 5). MDCT conﬁrmed all parenchymal lesions. Therefore, CEUS demonstrated to
be more sensitive and accurate than baseline ultrasound and almost as sensitive as CT in the identiﬁcation and characterization
of solid organ lesions in blunt abdominal trauma.
Follow-up
Less is known about CEUS feasibility in a follow-up setting. A
study carried on by Manetta et al53 emphasized the role of CEUS
in the follow-up of patients with minor hepatic or splenic
injuries. They demonstrated that CEUS was as accurate as CT in
the identiﬁcation of lesion site and allowed to follow all the
repair process until their complete resolution, highlighting that
during the follow-up phase, the lack of urgency and the
knowledge of the lesion site allows to perform a more detailed
baseline examination (Figure 14). They conclude that, if CEUS is
used in this way, it gains a detection power similar to CT and
MR, allowing to avoid the use of CT, especially in young patients
and in pregnant females.

Br J Radiol;89:20150823

Review article: Contrast-enhanced ultrasound (CEUS) in blunt abdominal trauma

BJR

Figure 10. Child, renal trauma. (a) Baseline ultrasonography shows a mild hyperechoic area in the middle-third of the right kidney;
(b) contrast-enhanced ultrasound demonstrates a renal fracture with an associated perirenal collection (arrowheads) and evidence
of hyperechoic spots within it (white arrow), corresponding to active bleeding; (c–d) axial CT scan and coronal view confirm the
renal fracture, the perirenal haematoma and active bleeding (black arrow).

Nevertheless, our very recent experience, focused on the role of
CEUS in the follow-up of patients with blunt abdominal
trauma managed conservatively in comparison with MRI,54
showed CEUS limitations in some speciﬁc cases, such as the
lack in monitoring urinary tract injuries and adrenal gland
injuries. On the other hand, MRI demonstrated to be very
effective in this way, because of the improved contrast and soft
tissue resolution, allowing a temporal stage of lesions, and its
ability to exclude all negative prognostic factors, such as late
bleeding, rupture of the urinary tract or additional injuries
(Figure 15). Its application is even more important considering
that many patients with trauma are in childhood; for this
reason, the use of this technique in the follow-up, which does
not use ionizing radiation, makes it also extremely proﬁtable
compared to CT.
DISCUSSION AND CONCLUSIONS
In a trauma setting, baseline ultrasound performed on victims
with low-energy injuries is a valuable technique because of its
rapidity and non-invasivity, it can be used at patient’s bedside
and does not interfere with the resuscitation procedures; in
addition, it has a high sensitivity for the detection of free abdominal ﬂuid.55
Nevertheless, it has a very poor accuracy for the assessment of
parenchymal injuries, which depends on lesion location, ranging
from 27% to 68.6%.56
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The most used and sensitive imaging technique for high-energy
injuries is CE-CT, because it provides not only a comprehensive
assessment of the disease but it can also grade trauma severity
and help to decide on the most appropriate patient management.57 Nevertheless, its location in the radiology department of
many trauma centres makes this technique time consuming for
technical and logistic reasons. In addition, other CT limitations
include potential contrast agent allergy, nephrotoxicity and
costs, besides the use of ionizing radiation, which is the main
limitation in fertile females and in paediatric patients (children
are at least four times more sensitive than adults to ionizing
radiation, because of a longer life expectancy and a faster cell
rate division).58
To overcome these limitations, CEUS can be approached as
a valuable imaging method between baseline ultrasound and CT,
because it provides additional data not achievable by conventional ultrasound imaging and can reduce radiation exposure.
Moreover, it can be performed in some selected patients (paediatric patients and females of reproductive age). Its application
on children is still considered off-label, and it is allowed only
after the parents (or legal guardians) have been adequately informed and given their speciﬁc consent. As previously reported,
recent studies have underlined the safety and the usefulness of
CEUS in children26,27 and several international paediatric and
radiological societies are pushing for its wider registration, including paediatric use.59
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Figure 11. Child, renal trauma. (a) Baseline ultrasonography shows only a fine cortical parenchymal inhomogeneity of the left kidney
with perirenal fluid collection; (b) contrast-enhanced ultrasound shows a large renal fracture and highlights very well the presence
of perirenal fluid (arrowheads); (c) axial CT scan in the venous phase demonstrates the renal fracture and confirms the perirenal
fluid; (d) axial CT scan in the late phase shows the iodinated urine leakage (white arrows) in the perirenal space (urinoma).

In a traumatic setting, CEUS outperforms conventional ultrasound
for the detection of abdominal solid organ injuries; in particular, in
haemodynamically stable patients, the use of contrast medium
greatly improved the number of detected lesions but also the
quality of ﬁndings, with a better deﬁnition of margins, extension
and relationship with capsule and vessels.38,60

CEUS can suggest the presence of associated vascular injuries
such as contrast medium extravasation, parenchyma infarction
and vascular pedicle avulsion.49
Miele et al33 found an excellent correlation between the size of
the traumatic injury (as shown at CT) and the related CEUS

Figure 12. Child, pancreatic injury. (a–b) Baseline ultrasonography with CD imaging does not show any pancreatic lesion. c) Contrastenhanced ultrasound shows swelling of pancreatic body and allows to suspect subtle lesions of the pancreatic body and tail (white
arrows), associated with pre-pancreatic fluid collection (arrowhead). (c–d) Axial CT scans confirm the pancreatic tail lesion (white
arrow) with pre-pancreatic fluid collection.
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ﬁndings as for as hepatic traumatic injuries, advocating its
employment as a ﬁrst-line examination in mild blunt abdominal
trauma and in paediatric patients, leaving CT as the gold standard for polytrauma and major trauma.
In particular, as for as paediatric population, Emery et al61 found
that 34% of children with ultrasound negative examination had an
intra-abdominal injury at CT, concluding that screening baseline
ultrasound should be approached with caution if performed to
depict blunt abdominal trauma. Our experience on this topic27
showed that CEUS in children is more sensitive and accurate than
baseline ultrasound 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 al26 who
suggest that CEUS can be considered for the triage of haemodynamically stable children with a history of abdominal trauma.
Nevertheless, CEUS has some limitations that have to be borne
in mind, such as the cost of contrast media, need for scanners
with dedicated software, longer examination times, lack of
panoramicity, the fact that it is strongly operator dependent and
the fact that it does not allow a complete abdominal survey
because of problems related to lesion location (such as pancreas
behind bowel or stomach, aorta in obese patients, a fatty liver);
but the largest limitation of CEUS, also according to our experiences, is the poor ability to detect active bleeding and injuries
to the urinary tract.27,38
As for as the latter one, we have to remember that USCAs are
intravascular and are unsuitable for demonstrating extravasation
in the renal collecting system, also because they are characterized
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by lung excretion. Therefore, in case of traumatic gross haematuria, gross haematuria or microhaematuria following renal
biopsy or lithotripsy performed during the previous 12 h, our
ﬁndings suggest that CEUS could be very useful in the detection
of the parenchymal lesion, but it cannot demonstrate the urinary
tract lesion. For these reasons, in the management of renal
trauma in stable patients with normal urinalysis baseline ultrasound
is followed by CEUS, but in patients with a minor trauma and gross
or microhaematuria or those who underwent invasive procedures
in the previous 12 h, baseline ultrasound is always followed by
CE-CT with delayed scans to study the urinary tract (Figure 16).
This approach allows a better screening of disease and allows also
to make considerable savings of both ﬁnancial and staff resources.
Regarding active bleeding, in traumatized patients, we need to
detect active bleeding and to differentiate between parenchymal and
vascular bleeding: in our series conducted on children,27 we were
able to correctly identify only 50% of parenchymal bleeding and no
cases of vascular bleeding. However, in these last cases, both ultrasound and CEUS identiﬁed massive haemoperitoneum which represents an indirect sign of severe abdominal organ injury, leading
thus to CE-CT examination. A further survey we performed on
adults38 disclosed CEUS inability to identify four cases of active
bleeding.
Another signiﬁcant limitation is that CEUS cannot detect direct signs of peritoneal bleeding related to intestine or mesentery injuries. However, it should be considered that these
lesions occur more frequently in high-energy trauma rather
than in the minor trauma and therefore in these patients
CE-CT is mandatory.

Figure 13. Males, splenic injury. (a) Baseline ultrasonography performed 3 days after trauma shows a subtle hypoechoic rim in the
splenic parenchyma; (b) contrast-enhanced ultrasound (CEUS) demonstrates a clear hyperechoic spot (white arrow), surrounded
by hypoechoic area, which is due to an arteriovenous fistula; (c) axial CT scan performed immediately after trauma shows only
a small contusion in the splenic parenchyma; (d) 3 days later, axial CT scan performed on the basis of CEUS findings confirms the
arteriovenous fistula (white arrow).
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Figure 14. Males, splenic trauma treated by embolization. (a) Contrast-enhanced ultrasound (CEUS) performed immediately after
the embolization shows an hypoechoic devascularized area at the upper pole of the spleen, in the site of embolization; (b) CEUS
performed 2 months later shows the reduction in size of the splenic ischaemic area (arrowhead); (c–d) MRI performed at the same
time of the second CEUS allows to better define the size and the extent of the devascularized area and provides a temporal stage of
the lesion.

Some recent research advocated the application of CEUS in the
follow-up of patients with trauma conservatively managed until
discharge,33,42,53,62,63 both in order to reduce unnecessary CT

examinations and to overcome poorly visible traumatic injuries
at conventional ultrasound, better revealed using USCAs. In fact,
in our institution the assessment of every haemodynamically

Figure 15. (a) Baseline ultrasonography shows an inhomogeneous hypoechoic–hyperechoic parenchymal lesion of the liver and
a subcapsular haematoma; (b) contrast-enhanced ultrasound (CEUS) allows to depict the hepatic laceration and the parenchymal
and subcapsular haematoma well; (c) axial CT scan confirms the CEUS findings; (d–e) MRI, performed 4 months later, demonstrates
the reduction in size of the lesion and the disappearance of subcapsular haematoma well.
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Figure 16. Child, renal trauma. (a) Baseline ultrasonography shows only an hyperechoic area at the lower pole of the right kidney
(white arrow); (b) contrast-enhanced ultrasound demonstrates very well the incomplete renal fracture and a little amount of
perirenal haematoma (arrowheads); (c) axial CT scan in venous phase shows the subtle renal laceration and the perirenal fluid
collection; (d) axial CT scan in the late phase demonstrates the iodinated urine leakage (black arrows) due to the urinary tract lesion.

stable patient sustaining low-energy blunt abdominal trauma
includes a baseline ultrasound and a CEUS examination to rule
out abdominal traumatic injuries; those cases positive at CEUS
undergo CE-CT to exclude any negative prognostic factors such

as active bleeding or rupture or urinary tract, while those
patients with traumatic lesions conservatively treated are monitored by CEUS and MRI in order to obtain a safe and expedite
patient discharge.54
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