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Abstract: Trauma is one of the most common causes of death or permanent disability in young
people, so a timely diagnostic approach is crucial. In polytrauma patients, CEUS (contrast enhanced
ultrasound) has been shown to be more sensitive than US (ultrasound) for the detection of solid
organ injuries, improving the identification and grading of traumatic abdominal lesions with levels
of sensitivity and specificity similar to those seen with MDCT (multidetector tomography). CEUS
is recommended for the diagnostic evaluation of hemodynamically stable patients with isolated
blunt moderate-energy abdominal traumas and the diagnostic follow-up of conservatively managed
abdominal traumas. In this pictorial review, we illustrate the advantages and disadvantages of CEUS
and the procedure details with tips and tricks during the investigation of blunt moderate-energy
abdominal trauma as well as during follow-up in non-operative management.

Keywords: CEUS; blunt trauma; non-operative management; follow-up

1. Introduction

Trauma is one of the most common causes of death or permanent disability in young
people, so a timely diagnostic approach is crucial. Multidetector computed tomography
(MDCT) with intravenous iodinated contrast is excellent at detecting and characterizing life-
threatening injuries. Its use is crucial in the initial assessment of polytraumatized patients
to determine whether a surgical, interventional, or non-operative treatment approach is
best [1-3]. Given the need to reduce exposure to ionizing radiation and to consider the risk
of contrast-induced nephropathy, the appropriate selection of trauma patients for MDCT is
becoming more critical [4,5]. Furthermore, in recent years a more conservative approach
for traumatic injuries of parenchymatous organs has been encouraged; at present, non-
operative management is considered the standard treatment [6,7]. Consequently, this has
led to an increased number of imaging studies to monitor the healing of lesions [8,9]. Due
to the invasiveness associated with the use of intravenous contrast medium and ionizing
radiation, MDCT is not the preferred follow-up imaging method for hemodynamically
stable patients or isolated, blunt, moderate-energy abdominal trauma. Instead, at present,
there is a trend toward the use of less invasive imaging methods, such as contrast-enhanced
ultrasound (CEUS) [8]. In polytrauma patients, CEUS has been shown to be more sensitive
than ultrasound (US) in the detection of solid organ injuries. CEUS is able to identify and
grade traumatic abdominal lesions with sensitivity and specificity levels similar to those
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seen in MDCT, which reach up to 95% [10]. CEUS is a radiation-free technique with good
diagnostic accuracy for identifying parenchymal and vascular injuries [11,12]. According
to EFSUMB (European Federation of Societies for Ultrasound in Medicine and Biology)
guidelines, CEUS can be used as an alternative to computer tomography (CT) scans for
hemodynamically stable patients with isolated, blunt, moderate-energy abdominal traumas
to evaluate solid organ injury, particularly for children and for follow-ups of conservatively
managed abdominal trauma to reduce the number of CT examinations [13,14]. Furthermore,
CEUS has many other applications in studying parenchymatous and vessel non-traumatic
pathologies [15-23] and as a problem solving technique [24], and also in guiding abdominal
interventional procedures [25].

2. Findings and Procedure Details
2.1. Instrumentation
2.1.1. Ultrasound System with Contrast Imaging Package Software

The US transducer should operate at a low mechanical index (MI), generally below 0.3.
Additionally, it should be able to analyze the resonance signals originated by the contrast
agent while avoiding the destruction of the bubble and reducing tissue harmonics and
artifacts [13,26].

2.1.2. Ultrasound Contrast Agent

The ultrasound contrast agents (UCAs) currently approved in Europe are sulfur hex-
afluoride microbubbles (SonoVue™, Bracco, Milan, Italy) and perflutren microspheres
(Optison, GE Healthcare™ and Luminity™, Lantheus Medical Imaging, North Billerica,
MA, USA). From our experience, we adopted SonoVue; it is a pure intravascular agent
consisting of micro-bubbles (1-7 micron) that contain sulfur hexafluoride encapsulated by
a phospholipid shell. Micro-bubbles are too large to pass through the vascular endothelium
and stay intact for up to 7 min in the blood vessels. After they dissolve, the gas is exhaled
through the lungs, and the phospholipid shell is metabolized, primarily in the liver. There
is no need for blood tests before UCA injection as the agent is not excreted by the kidneys,
rather through the lungs during breathing. Therefore, renal insufficiency is not a contraindi-
cation for UCA injection as there is no risk of contrast-related nephropathy or nephrogenic
systemic fibrosis associated with their use [4,27]. Furthermore, there is no evidence of
any effect on thyroid function because UCAs do not contain iodine. UCAs are generally
well tolerated; the rate of adverse reactions is very low (1:7000 patients, 0.014%). This rate
is significantly lower than the rate associated with iodinated state-of-the-art CT agents
(35-95:100,000 patients, 0.035-0.095%) [13,28]. The main contraindications for UCAs are a
history of allergic reactions to the contrast agent, severe pulmonary hypertension, severe
coronary artery disease, pulmonary hypertension, and unstable ischemic heart disease.
The use of UCAs is not authorized for pregnant or breastfeeding women [13,28]. The use
of UCAs is yet to be off-label for children; however, there is a large consensus on their
safety [13,29].

2.1.3. Needle with a Diameter of at Least 32 Gauge

It is important to avoid the rupture of micro-bubbles under injection pressure [13,30].

2.2. Procedure Details

Examination starts with the non-enhanced US. All parenchymatous organs and the
peritoneal cavity are investigated to determine the presence of parenchymatous injuries
that would need to be deeply studied following injection of the UCA. As there is limited
time to scan each organ following the injection due to the timing of each vascular phase, it is
important to find areas requiring further investigation before the injection is administered
(Figure 1) [30].

The administration of the UCA should be preceded by a preliminary study with a
color and power Doppler US (CD-US) of the injured parenchyma to identify any contained
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vascular lesions. This increases the diagnostic confidence in differentiating these lesions
through their characteristic spectral pulsed-wave Doppler (Figure 2).

Figure 1. Non-enhanced US of parenchymal injuries. (a) Longitudinal view of the right kidney
adequate to appreciate the renal parenchymal hematoma in its whole extension; (b) axial view
of the same kidney showing another smaller hematoma. (c,d) Axial views of the liver showing
a wide lacero-contusive area in the right lobe (arrows). (e f) Multiple lacero-contusive areas of
the spleen (arrows).

Figure 2. Role of color and spectral Doppler in the detection of post-traumatic vascular complications.
Color (upper row) and spectral (bottom row) Doppler of the right kidney show post-traumatic
pseudo-aneurysm in a 20—year-old man admitted to the emergency department for hematuria two
weeks after a car accident and previous CT diagnosis of traumatic right kidney contusion (a); color
Doppler shows turbulent flow in the false aneurysm, whereas spectral Doppler shows a “to and fro”
spectrum. Color (upper row) and spectral (bottom row) Doppler of left kidney show post-traumatic
arteriovenous fistula in a 45—year-old woman admitted at emergency department for penetrating
injury (b); color Doppler shows aliasing artifact due to the presence of a focus of increased blood
flow, then confirmed at pulsed Doppler that shows high-velocity peak without a clear diastolic flow.
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Indeed, after UCA administration, these lesions could become indeterminate at CD-
US evaluation due to the relative turbulence generated by the micro-bubbles; furthermore,
the relative destruction of the micro-bubbles due to high MI during the Doppler study may
also render the contrast study ineffective (Figure 3).

Figure 3. Artifacts in color and spectral Doppler after CEUS (a,b), and in repeated CEUS after
Doppler (c¢,d). Mesenteric artery color and spectral Doppler before (a) and after (b) UCA adminis-
tration showed alteration in the color map (upper row) as well as in the waveform (bottom row)
evaluation due to the relative turbulence generated by the micro-bubbles within the vessel. Upper
abdomen CEUS in pancreatic trauma before (c) and after (d) Doppler study shows relative destruction
of the micro-bubbles due to high MI during the Doppler study, making the post-Doppler contrast
study unable to visualize organs and tissues properly.

CEUS examination is performed after intravenous administration of a 2 mL bolus of
UCA (90 ug of sulfur hexafluoride), followed by approximately 10 mL of saline solution
administered through an antecubital vein.

The US software can host a split-screen to enable the baseline greyscale B-mode
image as reference images while the tissue enhancement is evaluated through the low
MI CEUS [13]. Like MDCT, CEUS enables the evaluation of all contrastographic phases,
particularly the early arterial phase. CEUS can also continuously scan the region of interest
during each contrast phase. The arterial phase starts at 10-20 s and continues for up
to 3040 s following contrast injection. The advantage of scanning organs in the early
arterial phase is obtaining the optimal depiction of contained vascular injuries, such as
pseudoaneurysms and arteriovenous fistulas, that may appear days after the trauma
occurred. Such injuries may be responsible for late organ rupture or, in later stages, the
alteration of the systemic circulation.

During the venous and late phases, which occur 2—6 min following injection, the
contrast agent is distributed to the entire capillary bed.

Flash mode, a technique specific to CEUS-capable US devices, emits a short US pulse
with very high MI to destroy accumulated micro-bubbles within an area of interest. This
enables the re-evaluation of dynamic post-contrast perfusion, as long as the concentration
of the UCA slowly decreases prior to its excretion through the lungs (Table 1) [13].

The timing of parenchymal enhancement after intravenous administration of the UCA
depends on the vascular anatomical and physiological differences in each organ and on the
hemodynamic status of the patient. For example, this timing in elderly patients may be
influenced by their cardiac function [30].
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Table 1. US scanning time after UCAs administration and flash mode technique.

Time and Flash Technique Advantages
<0s Choose the best scan view in B-Mode and US Doppler studies (color,
power, and pulse Doppler).
0s Injection of 2 mL of UCA followed by 10mL of saline solution.
10-20 s (early) Arterial phase: best depiction of contained vascular injuries, such as
20-40 s (late) pseudoaneurysms and arteriovenous fistulas in the early phase.
26 mi Venous-late phases: distribution of the contrast in the whole organ. Best
—6 min . . S
time to depict parenchymal injuries.
Flash mode Destruction of bubbles and possibility to re-evaluate an area of interest.

Kidneys show the most rapid parenchymal enhancement, followed by the liver, pan-
creas, and adrenal glands, which show intermediate enhancement patterns. The spleen has
a later and more persistent enhancement compared to the kidneys. The timing of these
enhancements is important if multiple organs require imaging during the same examination
(Table 2).

Table 2. Enhancement characteristic for organ with the best opacification times.

Main Organs to Explore Enhancement Characteristic

Quick enhancement of the cortex after injection.
Pyramids enhancement after 30 s.
No excretory phase.
Good evaluation up to 2.5 min.
Arterial phase: 10-40 s Hepatic and portal phases: 40-120 s
Liver Sinusoidal phase: 120-300 s
Dual vascular supply permits homogeneous enhancement.
Arterial phase: 15-30 s
Pancreas Venous phase: 30-120 s
The best moment to detect organ injury: venous phase.
Arterial phase: 2040 s
Homogeneous enhancement up to 5 min.
Arterial phase: 12-20s.
Spleen Venous phase: 40-60 s up to 5-7 min.
The best moment to detect organ injury: venous phase.

Kidney

Adrenal glands

Kidney: the cortex enhances quickly and intensely after the injection, while the
pyramids enhance from the periphery to the center in approximately 30 s [13,26]. The
optimal time window for renal parenchymal injury assessment is up to 2.5 min following
injection, as this is when maximum enhancement of the kidney can be observed [27,30]
(Figure 4).

00:45 min d 00:57 min e 01:06 min

Figure 4. CEUS findings in a normal kidney (a—f). Note the progressive physiological enhancement
of the cortex and the medulla. Adopted from ref. [30], 2021, Iacobellis, F; et al.
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UCA does not accumulate in the pelvicalyceal system; therefore, no excretory phase
will occur.

Liver: the arterial phase starts between 1040 s after the injection. The hepatic and
portal phases begin between 40-120 s after the injection, while the sinusoidal phase begins
between 120-300 s after. Due to the dual vascular supply in the liver, a homogeneous
parenchymal enhancement is shown that is adequate for the detection of organ injury
(Figure 5) [13,26,30].

a 00:27 min

d 01:40 min e 02:00 min

Figure 5. CEUS findings in a normal liver (a—f). Note the progressive physiological enhancement of
the liver in the different phases. Adopted from ref. [30], 2021, Iacobellis, F; et al.

Pancreas: the perfusion of the pancreas occurs early and intensely, with progressive
wash-out. The arterial phase occurs 15-30 s following injection. This phase is recognizable
by direct visualization of the aorta, celiac tripod, and superior mesenteric artery, which
immediately precede the enhancement of the parenchymal gland. The venous phase occurs
30-120 s after injection and is associated with the visualization of the splenic-portal axis.
This phase corresponds to the homogeneous enhancement of the parenchyma gland, which
is adequate for the detection of organ injury [13,26,30,31] (Figure 6).

Figure 6. CEUS findings in a normal pancreas (a—d). Note the enhancement of the pancreas in the
late arterial phase.
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00:42 min

Adrenal glands: the arterial phase starts 2040 s after the injection, followed by a
venous phase where a progressive enhancement of the parenchyma gland is observed for
up to 5 min. This enhancement is adequate for organ injury detection [13,26,30].

Spleen: the arterial phase starts 12-20 s after the injection. This phase shows irregular
enhancement, similar to what is seen during MDCT, making it difficult to define any
parenchymal injury. The venous phase starts 4060 s after the injection. This phase provides
adequate organ injury detection as the healthy parenchyma appears with a homogeneous
enhancement for 5-7 min (Figure 7) [13,26,30].

01:18 min

Figure 7. CEUS findings in a normal spleen (a—d). Note the progressive physiological enhancement
after contrast medium injection. Adopted from ref. [30], 2021, Iacobellis, E; et al.

2.2.1. Haemodynamically Stable Patients with Isolated Blunt Moderate-Energy Abdominal
Trauma

The examination should begin with the kidneys during the arterial phase because
their enhancement occurs quickly and is fleeting [13]. Following kidney examination, the
adrenal glands, liver, pancreas, and spleen should be evaluated during the venous phase,
as the possible area of parenchymal laceration is better highlighted in this phase. The
CEUS examination typically utilizes two split doses of intravenous UCA, one for each
side of the body. More specifically, one dose is used to evaluate the right kidney, right
adrenal gland, liver, and pancreas, while the second dose is used to assess the left kidney,
left adrenal gland, and spleen [13]. Once exploration of all abdominal parenchyma and
identification of areas containing parenchymal injuries is complete, injured areas should be
re-evaluated under flash mode with the same dose of UCA. This is so the entire dynamic
contrastographic study of the injured area can be observed, and any vascular lesions can
be excluded. Any plurifocal or multi-organ parenchymal injuries, active bleeding, or
contained vascular injuries still require diagnostic investigation with MDCT examination
using intravenous iodinated contrast medium to understand the best therapeutic strategy
to treat such injuries with more excellent study overview (Figure 8).
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Figure 8. Low-grade trauma evaluated with CEUS.

2.2.2. Follow-Up of Conservatively Managed Abdominal Trauma

In follow-up CEUS examinations, the known injured organ is targeted, and all con-
trastographic phases are evaluated to exclude any contained vascular lesions in the arterial
phase. Any regression of the parenchymal injured area is monitored during the venous and
late phases [13]. In the event of any worsening changes in the post-traumatic findings, the
use of MDCT with intravenous iodinated contrast medium administration is mandatory
for the same reasons as above (Figure 9).

FOLLOW-UP OF

INJURED
PARENCHYMA
. Venous and
Arterial Phase:
Delayed Phase:
to exclude any
. to evaluate
contained ..
= injured
vascular lesions -
parenchima

In the event of
any worsening
changes:

MDCT

Figure 9. CEUS follow-up.

2.3. Findings

Imaging findings depend on the contrast media distribution. In normal parenchyma,
the distribution is homogeneous with a clear depiction of the vascular structures. CEUS may
accurately define organ injuries, capsular extensions, and vascular injuries with accuracy

similar to MDCT [12,13,30,32].
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2.3.1. Solid Organ Injuries May Involve the Parenchyma and the Vessel

e  Parenchymal injuries:

Intraparenchymal haematoma: the haematoma appears as a focal non-enhancing
elliptic collection in the parenchyma with poorly defined irregular margins and no internal
enhancing vessels. It does not involve interruption of the organ capsule and is particularly
evident during the venous phase of the study (Figures 10 and 11) [12,30].

' 00:47 min e 01:18min

Figure 10. CT (a,d) and follow-up CEUS (b,c,e,f) of the right kidney in a 57—year-old patient who
fell from a height. Follow-up CEUS was performed four days after the admission CT. Note at CEUS
the progressive enhancement, at different time points, of the renal cortex in about 30 s (b,c) and
the medulla, up to 2.5 min (e,f). The parenchymal hematomas appear as non-enhancing collections
(b,e, orange lines) contained in the organ capsule (b, pink lines), without internal enhancing vessel
or associated vascular injuries. Due to the physiological evolution of the hematoma, the follow-up,
it shows small fluid anechoic areas related to the progressive resorption (e, arrow). Adopted from
ref. [30], 2021, Iacobellis, F,; et al.

Figure 11. Adrenal gland hematoma. CEUS (a) and contrast-enhanced CT (b) of a 44—year-old male
patient after a motor vehicle accident, showing right adrenal gland hematoma with no vascular
complication. CEUS (c) and contrast-enhanced CT (d) follow up of a 36-year-old male patient on
day 3 after a car accident; a pseudo-aneurysm within the right adrenal gland hematoma is visible
(white arrows).



Diagnostics 2022, 12, 435 10 of 19

Lacerations: these findings are identifiable as irregular linear or branched non-enhancing
bands, frequently perpendicular to the organ capsule, and can be associated with capsular
discontinuity. Lacerations can be classified as superficial (<3 cm in depth) or deep (>3 cm
in depth) (Figures 12-16) [13].

Figure 12. Example of CEUS imaging of low grade (first column) and high grade (second column)
injuries in the liver (a) and spleen (b) after moderate energy blunt trauma. Orange lines indicate
parenchymal lacerations /haematomas.

b 02:27 min

Figure 13. CT (a) and follow-up CEUS (b,c) of the right kidney in a 16—year-old patient with blunt
trauma. At the admission, CT detected a kidney laceration reaching the organ capsule (a, arrow).
CEUS was performed ten days after trauma (b,c), showing minimal healing of the laceration without
vascular injuries. Adopted from ref. [30], 2021, Iacobellis, F.; et al.

4 g 00:49 min =
’ —
=
L
‘ e

4

b 02:14 min — e 02:35min < i - 02:38 min

Figure 14. Admission CT (a,b) and follow-up CEUS (c-0) of a 35—year-old blunt trauma patient with
multiple hepatic lacerations. Follow-up CEUS was performed 3 days (c—e), 11 days (f-i), and 20 days
(I-o0) after the admission CT. Note at CEUS the progressive enhancement of the liver parenchyma
in the different phases. The parenchymal lacerations appear as non-enhancing bands (c, orange
line), some of them reaching the liver capsule (pink line) (e,i). In the follow-up, it is important to
look for possible vascular injuries (absent in this case) in the early arterial phase (f,1). Parenchymal
lacerations appear progressively better demarcated, and more hypoechoic. Adopted from ref. [30],
2021, Iacobellis, E.; et al.
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, 03:18-min

Figure 15. Admission CT (a,c,e) and follow-up CEUS (b,d,f) of the spleen in a 35—year-old patient
after a fall from height. Follow-up CEUS was performed seven days after the CT. Note at CEUS
the progressive enhancement, at different time points, of the healthy spleen parenchyma in venous
phase, clearly demarcated from the subcapsular hematomas (b, orange line), from the contusion of
the inferior-pole (d, orange line) and from a sub-capsular laceration (f, orange line). Adopted from
ref. [30], 2021, Iacobellis, F,; et al.

Figure 16. CEUS at day 1 (a) and after 2 weeks (b) in pancreatic trauma; note the reduction of the
contusion area of pancreatic head, as well as of the peri-pancreatic fluid collection (orange line).
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2.3.2. Vascular Injuries
e  Active bleeding;:

Active bleeding can be observed as micro-bubble extravasation outside blood vessels
within the peritoneal or retroperitoneal space (Figure 17) [1,30].

Figure 17. Follow-up CEUS of a 52—year-old blunt trauma patient with high-grade right kidney
injury and extensive ischemia complication. Venous (a) phase CEUS examination shows multiple
kidney lacerations with extensive ischemia complication and a small amount of perfused renal
(caliper). At the same venous phase (b), CEUS active venous hemorrhage is well appreciated (arrow)
confirmed at contrast-enhanced venous phase CT scan (¢, arrow) and subsequent angiography (d).

e Contained vascular injuries:

Contained vascular injuries include pseudoaneurysms and arteriovenous fistulas.
Pseudoaneurysms are focal outpouchings of the external vessel contour due to the partial
disruption of the wall, which is contained by the tissue around the vessel (Figures 18-20) [1,30].

Figure 18. Admission CT (a) and follow-up CEUS (b) of the spleen of the same patient as Figure 14. At
admission CT, in the arterial phase, was noticed a small hilar pseudoaneurysm (a, arrow). CEUS was
performed after the embolization, showing the lack of vascular enhancement in the pseudoaneurysm
site (b, arrow). Adopted from ref. [30], 2021, Iacobellis, F.; et al.

Arteriovenous fistulas consist of traumatic communication between the arterial and ve-
nous systems [1,30]. Fistulas are characterized as asymmetrical, early contrast opacification
of a vein during the early arterial phase of the study (Figure 21).
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Figure 19. High grade traumatic splenic injury with vascular complication. Arterial (a) and venous
(b) phase CEUS examination in a 25—year-old patient admitted at the emergency department for
blunt abdominal trauma, showing multiple splenic lacerations and a voluminous arteriovenous
fistula (white arrowhead). Subsequent arterial (c) and portal vein (d) phase contrast-enhanced CT
scan further confirmed the diagnosis (black arrowhead).

Figure 20. CEUS (a) of a 23—year-old man referring to the emergency department for direct blunt
trauma to the right flank showed the presence of a small pseudoaneurysm (white arrow) inside
the contusion area of the right kidney; the diagnosis was then confirmed at the axial arterial phase
contrast-enhanced CT scan (b), as well as at angiography performed for treatment purposes (c).

Figure 21. Companion case of Figure 2b. Renal arteriovenous fistula (white arrowhead) at color—
Doppler US (a) and CEUS (b), confirmed (c) at contrast-enhanced CT scan (arterial phase, coronal
MIP reconstruction) and subsequent angiography (d).
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3. Advantages and Disadvantages

MDCT with intravenous iodinated contrast medium is the primary imaging method
used for total body evaluation in high-energy blunt trauma patients. MDCT can provide
precise delineation of a parenchymal laceration or contusion, indicating the presence of
devascularized segments and vascular lesions [33]. However, the use of ionizing radiation
and intravenous iodinate contrast medium are limiting factors, particularly for injuries
with a moderate risk mechanism and for follow-ups of conservatively managed abdominal
traumas. For the latter, recourse to CEUS is strongly recommended as CEUS can achieve
99% sensitivity and specificity, avoiding overutilization of CT [13].

CEUS is fast, cheap, simple to perform, and can be performed bedside. It does not use
ionizing radiation, and USCAs are well tolerated; anaphylactoid reactions to these agents
are rare. Furthermore, there are few contraindications for its use [30,34-36].

The limitations of CEUS are the possibility that adequate exploration of organs of in-
terest may be obscured by bowel gas interposition or due to the body habitus. For example,
the pancreas can be hidden due to its deep retroperitoneal location. CEUS cannot diagnose
traumatic lesions of the pelvicalyceal system as the kidneys do not excrete micro-bubbles.
Likewise, CEUS cannot diagnose bile duct injuries with bile leakage because micro-bubbles
are not eliminated by the biliary tract [8,13,30]. Furthermore, patients with bowel in-
juries, high-energy blunt traumas, multi-organ trauma, or those who are hemodynamically
unstable should undergo MDCT examination rather than CEUS examination.

4. Case Series: Step-by-Step Practical Applications, Tips and Tricks during CEUS
Follow-Up of Conservatively Managed Abdominal Trauma

4.1. Step 1

Choose the imaging in your strings (Figure 22).

Figure 22. Multimodal evaluation of splenic laceration (white arrows) at portal phase CT scan (a),
CEUS (b), fat-sat T2w (c), and post-contrast fat-sat Tlw MRI (d), with good overlap of findings.
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4.2. Step 2

“Turn on the light”: CEUS is more sensitive than US for the detection of solid organ
injuries (Figure 23).

Figure 23. Sub-Glissonian hepatic hematoma in a 40—year-old woman. At B-mode US study
(a,b, split image on the left), no definite hematomas was showed. At CEUS evaluation (a,b, split
image on the right), the presence of a small sub-Glissonian hematoma was clearly delineated (arrow).
Contrast-enhanced CT examination (¢, axial and d, coronal view) confirmed the presence of the small
non-bleeding sub-Glissonian hematoma (arrow).

4.3. Step 3
Beware of vascular injuries during follow-up of parenchymal injuries (Figures 24 and 25).

Figure 24. An example of multimodal visualization of post-traumatic splenic PSA (white arrows) at
CD-US (a), CEUS (b), and arterial phase contrast-enhanced CT scan (c); CEUS follow-up examination
after embolization (d) showed no evidence of residual PSA.
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Figure 25. Splenic trauma in car accident with small splenic laceration visible on contrast-enhanced
CT scan performed at emergency department (a,b, white arrowhead). CEUS examination performed
4 days after trauma confirmed the splenic laceration (¢, white arrowhead); subsequent Flash mode
CEUS (d) revealed multiple, small and diffuse intra-splenic PSAs (white arrows) not shown at
admission arterial phase CT exam (a); these findings were confirmed at contrast enhanced CT scan
(e, arrows) and angiography (f, arrows).

4.4. Step 4

Beware of lacerated areas of the parenchyma (pseudo-nodular spared area). Always
integrate with a preliminary CD-US study before CEUS examination (Figure 26).

Figure 26. An example of possible pitfall at CEUS performed to follow-up a parenchymal laceration;
in this case, a hepatic laceration. At CEUS examination, a nodular area of enhancement was visible
within the hepatic laceration (a, dotted arrow), suspected for PSA; however, this finding was incon-
sistent with the preliminary CD-US evaluation, because the hepatic laceration area did not show any
vascular pattern of PSA inside (b, white arrowhead). This finding was suspected for pseudo-nodular
spared hepatic parenchyma and confirmed at biphasic contrast-enhanced CT examination (c, arterial
phase, white arrow; d, venous phase, white arrow).
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4.5. Step 5

Beware to the growing parenchymal collections in the suspicion of a vascular, biliary,
or urinary leak (Figure 27).

Figure 27. Post-traumatic laceration of the left hepatic lobe (a, white arrowhead) with evidence
of surgical packing (asterisk); after surgical lobectomy, contrast-enhanced CT scan (b) showed a
small fluid collection close to the biliary duct clipping (white arrow). Such collection increased in
volume at follow-up CEUS examinations (c,d, respectively, 2 and 3 weeks after surgery, white arrows);
this finding indirectly suggested a possible biliary leakage, although not directly viewable at CEUS
(c,d, white arrows). This finding was confirmed at post-contrast hepatospecific phase fat-sat T1w
MRI examination that showed biliary leak (e, arrowheads). Subsequent exclusion of the biliary leak
with complete reabsorption of the biliary collection at CT examination (f, arrow).

5. Conclusions

In polytrauma patients, CEUS has been shown to be more sensitive than US for the
detection of solid organ injuries, improving the identification and grading of traumatic
abdominal lesions with levels of sensitivity and specificity similar to those seen with MDCT.
CEUS is recommended for the diagnostic evaluation of hemodynamically stable patients
with isolated blunt moderate-energy abdominal traumas and for the diagnostic follow-up
of conservatively managed abdominal traumas. Using CEUS minimizes inappropriate or
further exposure to ionizing radiation, and multiple intravenous iodinate medium contrast
administration.

Author Contributions: Conceptualization, M.D.S. and EI.; methodology, M.D.S. and E.I; validation,
L.R.; formal analysis, F.V,; investigation, M.D.S. and D.G.; resources, M.D.S,, FI. and V.S.; data
curation, R.R., C.R,, G.D.O. and M.C,; writing—original draft preparation, M.D.S., EI. and M.L.S;
writing—review and editing, M.D.S., FI. and M.L.S,; supervision, L.R. All authors have read and
agreed to the published version of the manuscript.



Diagnostics 2022, 12, 435 18 of 19

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper.

Data Availability Statement: Data sharing is not applicable.
Acknowledgments: Thanks to Ciro Acampora for the teachings.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Tacobellis, F.; Ierardi, A.M.; Mazzei, M.A.; Biasina, A.M.; Carrafiello, G.; Nicola, R.; Scaglione, M. Dual-phase CT for the assessment
of acute vascular injuries in high-energy blunt trauma: The imaging findings and management implications. Br. J. Radiol. 2016,
89, 20150952. [CrossRef]

Tacobellis, F.; Abu-Omar, A.; Crivelli, P.; Galluzzo, M.; Danzi, R.; Trinci, M.; Dell’ Aversano Orabona, G.; Conti, M.; Romano, L.;
Scaglione, M. Current Standards for and Clinical Impact of Emergency Radiology in Major Trauma. Int. ]. Environ. Res. Public
Health 2022, 19, 539. [CrossRef] [PubMed]

Tacobellis, F.; Romano, L.; Rengo, A.; Danzi, R.; Scuderi, M.G.; Brillantino, A.; Scaglione, M. CT Protocol Optimization in Trauma
Imaging: A Review of Current Evidence. Curr. Radiol. Rep. 2020, 8, 8. [CrossRef]

Di Serafino, M.; Severino, R.; Scavone, C.; Gioioso, M.; Coppola, V.; Brigida, R.; Lisanti, F.; Rocca, R.; Scarano, E. Prevention
Strategies of Contrast Medium Induced Nephropathy (CIN): A Review of the Current Literature. Open J. Nephrol. 2016, 6, 98-110.
[CrossRef]

Pinto, A.; Russo, A.; Reginelli, A ; Iacobellis, F.; Di Serafino, M.; Giovine, S.; Romano, L. Gunshot Wounds: Ballistics and Imaging
Findings. Semin. Ultrasound CT MRI 2019, 40, 25-35. [CrossRef]

Brillantino, A.; Tacobellis, E; Robustelli, U.; Villamaina, E.; Maglione, F.; Colletti, O.; De Palma, M.; Paladino, F.; Noschese, G. Non
operative management of blunt splenic trauma: A prospective evaluation of a standardized treatment protocol. Eur. J. Trauma
Emerg. Surg. 2015, 42, 593-598. [CrossRef]

Brillantino, A.; Iacobellis, F.; Festa, P.; Mottola, A.; Acampora, C.; Corvino, F; Del Giudice, S.; Lanza, M.; Armellino, M.; Niola, R.;
et al. Non-Operative Management of Blunt Liver Trauma: Safety, Efficacy and Complications of a Standardized Treatment
Protocol. Bull. Emerg. Trauma 2019, 7, 49-54. [CrossRef]

Miele, V.; Piccolo, C.L.; Sessa, B.; Trinci, M.; Galluzzo, M. Comparison between MRI and CEUS in the follow-up of patients with
blunt abdominal trauma managed conservatively. Radiol. Med. 2015, 121, 27-37. [CrossRef]

Iacobellis, F.; Di Serafino, M.; Brillantino, A.; Mottola, A.; Del Giudice, S.; Stavolo, C.; Festa, P.; Patlas, M.N.; Scaglione, M.;
Romano, L. Role of MRI in early follow-up of patients with solid organ injuries: How and why we do it? Radiol. Med. 2021, 126,
1328-1334. [CrossRef]

Sessa, B.; Trinci, M.; Ianniello, S.; Menichini, G.; Galluzzo, M.; Miele, V. Blunt abdominal trauma: Role of contrast-enhanced
ultrasound (CEUS) in the detection and staging of abdominal traumatic lesions compared to US and CE-MDCT. Radiol. Med.
2014, 120, 180-189. [CrossRef]

Zhang, Z.; Hong, Y.; Liu, N.; Chen, Y. Diagnostic accuracy of contrast enhanced ultrasound in patients with blunt abdominal
trauma presenting to the emergency department: A systematic review and meta-analysis. Sci. Rep. 2017, 7, 4446. [CrossRef]
[PubMed]

Dormagen, J.; Meyerdierks, O.; Gaarder, C.; Naess, P.; Sandvik, L.; Klow, N.-E. Contrast-enhanced ultrasound of the injured
spleen after embolization comparison with computed tomography. Ultraschall Med. 2011, 32, 485-491. [CrossRef] [PubMed]
Sidhu, P; Cantisani, V.; Dietrich, C.F,; Gilja, O.H.; Saftoiu, A.; Bartels, E.; Bertolotto, M.; Calliada, E.; Clevert, D.A.; Cosgrove,
D.; et al. The EFSUMB Guidelines and Recommendations for the Clinical Practice of Contrast-Enhanced Ultrasound (CEUS) in
Non-Hepatic Applications: Update 2017 (Long Version). Ultraschall Med. 2018, 39, e2—e44. [CrossRef] [PubMed]

Piccolo, C.L.; Trinci, M.; Pinto, A.; Brunese, L.; Miele, V. Role of contrast-enhanced ultrasound (CEUS) in the diagnosis and
management of traumatic splenic injuries. J. Ultrasound 2018, 21, 315-327. [CrossRef] [PubMed]

Gulati, M.; King, K.G.; Gill, I.S.; Pham, V.; Grant, E.; Duddalwar, V.A. Contrast-enhanced ultrasound (CEUS) of cystic and solid
renal lesions: A review. Abdom Imaging 2015, 40, 1982-1996. [CrossRef]

Kloth, C.; Kratzer, W.; Schmidberger, ].; Beer, M.; Clevert, D.A.; Graeter, T. Ultrasound 2020-Diagnostics & Therapy: On the
Way to Multimodal Ultrasound: Contrast-Enhanced Ultrasound (CEUS), Microvascular Doppler Techniques, Fusion Imaging,
Sonoelastography, Interventional Sonography. Rofo 2020, 193, 23-32. [CrossRef]

Jang, H.-].; Kim, TK,; Burns, PN.; Wilson, S.R. CEUS: An essential component in a multimodality approach to small nodules in
patients at high-risk for hepatocellular carcinoma. Eur. J. Radiol. 2015, 84, 1623-1635. [CrossRef]

Granata, A.; Zanoli, L.; Insalaco, M.; Valentino, M.; Pavlica, P.; Di Nicolo, P.P.; Scuderi, M.; Fiorini, F.; Fatuzzo, PM.; Bertolotto, M.
Contrast-enhanced ultrasound (CEUS) in nephrology: Has the time come for its widespread use? Clin. Exp. Nephrol. 2014, 19,
606-615. [CrossRef]


http://doi.org/10.1259/bjr.20150952
http://doi.org/10.3390/ijerph19010539
http://www.ncbi.nlm.nih.gov/pubmed/35010799
http://doi.org/10.1007/s40134-020-00351-5
http://doi.org/10.4236/ojneph.2016.63013
http://doi.org/10.1053/j.sult.2018.10.018
http://doi.org/10.1007/s00068-015-0575-z
http://doi.org/10.29252/beat-070107
http://doi.org/10.1007/s11547-015-0578-1
http://doi.org/10.1007/s11547-021-01394-0
http://doi.org/10.1007/s11547-014-0425-9
http://doi.org/10.1038/s41598-017-04779-2
http://www.ncbi.nlm.nih.gov/pubmed/28667280
http://doi.org/10.1055/s-0029-1246003
http://www.ncbi.nlm.nih.gov/pubmed/21294071
http://doi.org/10.1055/a-0586-1107
http://www.ncbi.nlm.nih.gov/pubmed/29510439
http://doi.org/10.1007/s40477-018-0327-0
http://www.ncbi.nlm.nih.gov/pubmed/30361921
http://doi.org/10.1007/s00261-015-0348-5
http://doi.org/10.1055/a-1217-7400
http://doi.org/10.1016/j.ejrad.2015.05.020
http://doi.org/10.1007/s10157-014-1040-8

Diagnostics 2022, 12, 435 19 of 19

19.
20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Cantisani, V.; Wilson, S.R. CEUS: Where are we in 2015? Eur. |. Radiol. 2015, 84, 1621-1622. [CrossRef] [PubMed]

Cantisani, V.; Di Leo, N.; David, E.; Clevert, D.-A. Role of CEUS in Vascular Pathology. Ultraschall Med. 2021, 42, 348-366.
[CrossRef] [PubMed]

Sidhu, P; Cantisani, V.; Deganello, A.; Dietrich, C.; Duran, C.; Franke, D.; Harkanyi, Z.; Kosiak, W.; Miele, V.; Ntoulia, A; et al.
Role of Contrast-Enhanced Ultrasound (CEUS) in Paediatric Practice: An EFSUMB Position Statement. Ultraschall Med. 2016, 38,
33-43. [CrossRef] [PubMed]

Cozzi, D.; Agostini, S.; Bertelli, E.; Galluzzo, M.; Papa, E.; Scevola, G.; Trinci, M.; Miele, V. Contrast-Enhanced Ultrasound (CEUS)
in Non-Traumatic Abdominal Emergencies. Ultrasound Int. Open 2020, 6, E76-E86. [CrossRef]

Trinci, M.; Danti, G.; Di Maurizio, M.; Tursini, S.; Briganti, V.; Galluzzo, M.; Miele, V. Can contrast enhanced ultrasound (CEUS)
be useful in the diagnosis of ovarian torsion in pediatric females? A preliminary monocentric experience. J. Ultrasound 2021, 24,
505-514. [CrossRef] [PubMed]

Yusuf, G.T.; Fang, C.; Huang, D.; Sellars, M.E.; Deganello, A.; Sidhu, P. Endocavitary contrast enhanced ultrasound (CEUS): A
novel problem solving technique. Insights Imaging 2018, 9, 303-311. [CrossRef]

Huang, D.Y,; Yusuf, G.T.; Daneshi, M.; Ramnarine, R.; Deganello, A.; Sellars, M.E.; Sidhu, P. Contrast-enhanced ultrasound
(CEUS) in abdominal intervention. Abdom. Radiol. 2018, 43, 960-976. [CrossRef] [PubMed]

Miele, V.; Piccolo, C.L.; Galluzzo, M.; Ianniello, S.; Sessa, B.; Trinci, M. Contrast-enhanced ultrasound (CEUS) in blunt abdominal
trauma. Br. J. Radiol. 2016, 89, 20150823. [CrossRef]

Cokkinos, D.; Antypa, E.; Stefanidis, K.; Tserotas, P.; Kostaras, V.; Parlamenti, A.; Tavernaraki, K.; Piperopoulos, PN. Contrast-
Enhanced Ultrasound for Imaging Blunt Abdominal Trauma-Indications, Description of the Technique and Imaging Review.
Ultraschall Med. 2012, 33, 60-67. [CrossRef]

Trinci, M.; Piccolo, C.L.; Ferrari, R.; Galluzzo, M.; Ianniello, S.; Miele, V. Contrast-enhanced ultrasound (CEUS) in pediatric blunt
abdominal trauma. J. Ultrasound 2018, 22, 27-40. [CrossRef]

Esposito, F; DI Serafino, M.; Sgambati, P.; Mercogliano, F.; Tarantino, L.; Vallone, G.; Oresta, P. Ultrasound contrast media in
paediatric patients: Is it an off-label use? Regulatory requirements and radiologist’s liability. Radiol. Med. 2011, 117, 148-159.
[CrossRef]

Tacobellis, F.; Acampora, C.; Ponticiello, G.; Scuderi, M.; Cinque, T.; Pinto, A.; Gagliardi, N.; Romano, L. Technique and advantages
of contrast-enhanced ultrasound versus MDCT in the follow-up of solid organ injuries. Med. Pharmacol. 2021, 2021120479.
[CrossRef]

Tacobellis, F.; Laccetti, E.; Tamburrini, S.; Altiero, M.; Iaselli, F.; DI Serafino, M.; Gagliardi, N.; Danzi, R.; Rengo, A.; Romano, L.;
et al. Role of multidetector computed tomography in the assessment of pancreatic injuries after blunt trauma: A multicenter
experience. Gland Surg. 2019, 8, 184-196. [CrossRef] [PubMed]

Menichini, G.; Sessa, B.; Trinci, M.; Galluzzo, M.; Miele, V. 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. 2015, 120, 989-1001. [CrossRef] [PubMed]

Tacobellis, F.; Iacobellis, F; Scaglione, M.; Scaglione, M.; Brillantino, A.; Brillantino, A.; Scuderi, M.G.; Scuderi, M.G.; Giurazza, F,;
Giurazza, F; et al. The additional value of the arterial phase in the CT assessment of liver vascular injuries after high-energy
blunt trauma. Emerg. Radiol. 2019, 26, 647-654. [CrossRef] [PubMed]

Cokkinos, D.D.; Antypa, E.; Kalogeropoulos, I.; Tomais, D.; Ismailos, E.; Matsiras, I.; Benakis, S.; Piperopoulos, P.N. Contrast-
enhanced ultrasound performed under urgent conditions. Indications, review of the technique, clinical examples and limitations.
Insights Imaging 2012, 4, 185-198. [CrossRef]

Pinto, F; Valentino, M.; Romanini, L.; Basilico, R.; Miele, V. The role of CEUS in the assessment of haemodynamically stable
patients with blunt abdominal trauma. Radiol. Med. 2014, 120, 3-11. [CrossRef]

Pinto, F.; Miele, V.; Scaglione, M.; Pinto, A. The use of contrast-enhanced ultrasound in blunt abdominal trauma: Advantages and
limitations. Acta Radiol. 2014, 55, 776-784. [CrossRef]


http://doi.org/10.1016/j.ejrad.2015.05.028
http://www.ncbi.nlm.nih.gov/pubmed/26093473
http://doi.org/10.1055/a-1403-2400
http://www.ncbi.nlm.nih.gov/pubmed/33915577
http://doi.org/10.1055/s-0042-110394
http://www.ncbi.nlm.nih.gov/pubmed/27414980
http://doi.org/10.1055/a-1347-5875
http://doi.org/10.1007/s40477-021-00601-y
http://www.ncbi.nlm.nih.gov/pubmed/34176094
http://doi.org/10.1007/s13244-018-0601-x
http://doi.org/10.1007/s00261-018-1473-8
http://www.ncbi.nlm.nih.gov/pubmed/29450615
http://doi.org/10.1259/bjr.20150823
http://doi.org/10.1055/s-0031-1273442
http://doi.org/10.1007/s40477-018-0346-x
http://doi.org/10.1007/s11547-011-0718-1
http://doi.org/10.20944/preprints202112.0479.v1
http://doi.org/10.21037/gs.2019.02.02
http://www.ncbi.nlm.nih.gov/pubmed/31183328
http://doi.org/10.1007/s11547-015-0535-z
http://www.ncbi.nlm.nih.gov/pubmed/25822953
http://doi.org/10.1007/s10140-019-01714-y
http://www.ncbi.nlm.nih.gov/pubmed/31444680
http://doi.org/10.1007/s13244-012-0209-5
http://doi.org/10.1007/s11547-014-0455-3
http://doi.org/10.1177/0284185113505517

	Introduction 
	Findings and Procedure Details 
	Instrumentation 
	Ultrasound System with Contrast Imaging Package Software 
	Ultrasound Contrast Agent 
	Needle with a Diameter of at Least 32 Gauge 

	Procedure Details 
	Haemodynamically Stable Patients with Isolated Blunt Moderate-Energy Abdominal Trauma 
	Follow-Up of Conservatively Managed Abdominal Trauma 

	Findings 
	Solid Organ Injuries May Involve the Parenchyma and the Vessel 
	Vascular Injuries 


	Advantages and Disadvantages 
	Case Series: Step-by-Step Practical Applications, Tips and Tricks during CEUS Follow-Up of Conservatively Managed Abdominal Trauma 
	Step 1 
	Step 2 
	Step 3 
	Step 4 
	Step 5 

	Conclusions 
	References

