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Abstract [ 148 words, 150 max]

The use of contrast-enhanced ultrasound (CEUS) is increasing within the field of medical imaging.
Ultrasonic contrast agent (UCA) contains gas microbubbles similar in size to red corpuscles which
provide highly reflective interfaces, enabling dynamic demonstration of echogenic streams of the
contrast within the anatomical area of interest on real-time greyscale ultrasound. Longevity of the
microbubbles has been improved by changing their composition. The application of CEUS in the UK
continues to grow, bringing it into territories historically occupied by computerised tomography (CT)
scanning and magnetic resonance imaging (MRI). Hence, the role of CEUS may be of interest to all
diagnostic imaging practitioners. Here we summarise the mode of action and use of CEUS, and its
role within a range of applications. The potential risks of CEUS are compared to other contrast
enhanced imaging techniques. The benefits of CEUS and its implications for diagnostic imaging

practice are also covered.
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The “humble” bubble: contrast-enhanced ultrasound.

Introduction

Contrast-enhanced ultrasound (CEUS) is a diagnostic technique that utilizes the physical attributes of
microbubbles, and chemical properties of gases contained within them, enabling dynamic
demonstration of echogenic streams of the contrast within the anatomical area of interest on Real-
time greyscale ultrasound to gain detailed information about blood flow and perfusion, or for
endoluminal evaluation, for example of uterine tube patency.” In addition to improving diagnostic
capability within existing ultrasound practice, it has brought the application of ultrasound
technology into territories historically occupied by computerised tomography (CT) scanning and
magnetic resonance imaging (MRI).? Hence, the role of CEUS may be of interest to all diagnostic
imaging practitioners. Unlike CT, CEUS does not involve any ionizing radiation, nor the potentially
fatal side-effects of CT and MRI contrast agents. These are: contrast induced nephrotoxicity
associated with iodinated agents used in CT and nephrogenic systemic fibrosis associated with
gadolinium based MRI agents.>* Given these factors, it would be reasonable to expect the use of
CEUS, and interest in the topic to continue to increase within the field of medical imaging. This
article provides an overview of CEUS in terms its mode of action, diagnostic applications and also
barriers to and risks associated with its use, from both a patient and health professional perspective.
Finally, the implications for practice of this rapidly developing area within diagnostic imaging are

identified.

Properties of ultrasound contrast agents

Mode of action of microbubbles

The ability of ultrasound to detect microbubbles was first reported on during the 1960’s and

1970’s.”® The actual routine application of microbubbles as contrast agents in medical diagnostics
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took place around the turn of the millennium.” Microbubbles enhance the ultrasound signal because
of the way they respond to the ultrasound waves encountered. The microbubbles provide many tiny
reflecting interfaces that produce non-linear echogenic signals, allowing visualisation of the contrast
agent on real-time grey scale imaging.? Also, the microbubbles resonate in response to the changes
within the ultrasound beam; they are compressed by each ultrasound pressure peak and expand
during an ultrasound pressure trough and Resonance occurs at frequencies of approximately 3
MHz.® Because of this change in diameter of the bubbles, the microbubbles exhibit strong echogenic
behaviour and hence the signal to noise (SNR) ratio is improved further. When insonated with low
acoustic pressure and at low mechanical index (Ml), the microbubbles provide strong non-linear
harmonic responses and, without being destroyed, generate specific signals enabling continuous
real-time imaging.’ Therefore, the image is further optimised by selecting appropriate Ml values and
by use of ultrasound harmonics, where all nonlinear signals are collected within the entire
broadband spectrum, including the fundamentals.! Ultimately this leads to images that enable
improved discernment of areas of pathology, e.g. metastases within the parenchyma of organs.’
The typical size of each microbubble is 1-8 microns, a size small enough to avoid risk of blocking

capillary vessels or causing tissue ischaemia.'®*

When ultrasound contrast agent in injected
intravenously, the microbubbles remain purely intravascular both in macro- and microvascularity;
they remain in the vascular compartment for several minutes, since they are small enough to avoid
filtration by the lungs, but too large to enter the interstitial fluid.” They must be able to withstand
the pressures of the left side of the heart and require transpulmonary stability to be able to reach

the area being examined.™ It can be seen then, that the properties of the microbubbles are key to

the efficacy of the ultrasonic contrast agent.

Ultrasound contrast agents have been further developed for improved efficacy. The choice of

microbubble gas and shell will determine the microbubbles’ degree of echogenicity, longevity once

1,11

in circulation and also capacity to absorb ultrasound wave energy before bursting.™ *~ First
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generation ultrasound contrast agents (UCA) contained air within the microbubbles; an example is
Levovist . Current generation ultrasound contrast agents, e.g. Sonovue, contain an inert gas rather
than air. Inert gases used to fill the microbubbles include octafluoropropane and sulphur
hexafluoride. They are not absorbed in the blood and are removed from the body through the
pulmonary circulation. This means that the half-life of the UCA is improved and a smaller amount

1,11,13

needs to be injected into the patient. For example, Sonovue® has a mean half-life of 1 minute

(Bracco, Italy; Sonovue summary of product characteristics). Microbubble shells can be made from

albumin, phospholipid or polysaccharides.”****

Current generation shells around the microbubbles
are more resistant to the ultrasound wave energy, further prolonging the use of agent once injected

into a patient; the phospholipid shell is metabolised in the liver.!

Thus, selection of appropriate ultrasound system settings for the detection of and for processing of
the produced echo signals, together with the imaging properties of microbubbles (owed to gas and
shell composition) promote improved quality of the acquired image. Background signal can be
suppressed even better and the resolution of the image is further improved by applying contrast

14,15

pulse sequencing. For those seeking further information, Ultrasound contrast agent detection

and visualisation is covered extensively in a supplement of European Radiology."

[Table 1 to be inserted here]

Applications of CEUS

Cardiology

UCA are licensed solely for use in echocardiography in the United States and are used extensively
throughout the world for this indication and others. Cardiac applications such as stress
echocardiography are undertaken in patients with resting regional wall motion abnormalities, plus

ischaemic heart disease, stable chest pain and suspected acute coronary syndrome.*”*#'*?° CEUS
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echocardiography is used to assess left ventricular function in particular, by measuring ventricular
volume and ejection fraction, and has been shown to be a better method than unenhanced

21,22

echocardiography and equal to MRI. It has also proved to be of added value in detecting left
ventricle pseudoaneurysms, improving detection rates and thereby reducing the number of
unnecessary emergency operations performed on patients.” One distinct advantage of CEUS
echocardiography is that immobile patients and those who are attached to a ventilator can be

investigated because of the mobility of the ultrasound equipment. This is of value in intensive care

units.?*

Non-cardiac applications

Currently, only Sonovue (Bracco, Italy) is approved and licensed - in the UK and Europe only - for use
in non-cardiac imaging procedures. Guidelines and Good Clinical Practice Recommendations for
CEUS have been developed to guide sonographers, radiographers and radiologists.”” The areas in
which CEUS is applied include the liver, kidney, pancreas, vesico-ureteric reflux, blunt abdominal
trauma and transcranial scanning. In abdominal imaging, contrast enhancement enables improved
detection of and characterization of liver lesions.’ Further, it has been suggested that there may be a
role for CEUS in the planning of liver metastatic tumour ablation.”® Sonovue’s strength in hepatic
imaging was demonstrated in a study by Trillaud and colleagues®, as well as other studies®, in which
CEUS was compared to CT and MRI to classify liver lesions as being benign, malignant, or
intermediate. When compared to confirmative histology, sensitivity & specificity were 95.5% / 75.0%
(CEUS), 72.2% / 37.5% (CT), and 81.8% / 42.9% (MRI) respectively.”’ Liver transplantation is an
example where CEUS can have multiple applications. Pre-transplant the portal vein can be assessed
for presence of thrombosis. Other vessels, such as the hepatic veins and the inferior vena cava may
also be investigated to ensure they are not occluded. The patient’s liver may also be checked for

neoplasia (see Figure 1). Post-transplant, vessel potency, particularly of the hepatic artery, is critical
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and visualisation of these vessels is improved by CEUS. The newly transplanted liver can also be

assessed for presence of fluid or abscesses.”

[Figure 1 to be inserted here]

Investigations of the spleen, kidneys and major abdominal vessels are also undertaken but are
rarer.*® Due to risks of contrast induced nephrotoxicity with contrast enhanced CT and nephrogenic
systemic fibrosis in MRI imaging, there is an unmet need for optimal renal imaging, particularly in
patients with compromised/ insufficient renal function where the use of CT and MRI contrast agents
is contraindicated. Renal insufficiency is defined as severe renal impairment (ie, GFR [glomerular
filtration rate] or eGFR [estimated GFR] 30mL/min/1-73m?) or in patients with renal dysfunction who
have had, or who are awaiting, kidney transplantation.*! Ultrasonography of kidneys is often
suboptimal, without contrast enhancement, because of poor resolution of images and low sensitivity
to smaller arteries and segments deeper within the kidney. CEUS improves detection of pseudo

lesions, such as cystic renal masses, but is less successful at detecting solid tumours.*?

The potential applications of Sonovue, and UCA in general, stretch beyond those described above.
This can be illustrated by highlighting a few published studies. A small study compared CEUS with
grey scale ultrasound to measure the size of nine ductal breast carcinomas, using pathology
laboratory tumour measurements as a control. CEUS was found to be more accurate in determining
the size of the tumours than conventional ultrasound.® Vascular surgery is another specialty that is
exploring the use of CEUS in its practice. In patients with peripheral arterial disease, characterised by
claudication pain in the calf muscles, CEUS can be used to demonstrate the degree of impaired calf

muscle perfusion.*

All of the applications above, both vascular and non-vascular, involve the injection of contrast agent
into the patient’s vein. A third application exists for contrast enhanced ultrasound: endoluminal

sonography. CEUS is helpful in assessing fertility problems e.g. tubal patency via hysterosalpingo
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contrast enhanced sonography (HyCoSy). This involves instilling the contrast agent into the uterine
cavity and then to visualize the passage of the microbubbles through the uterine (or Fallopian) tubes
and into the pelvis in real time.*®> Administration into the bladder cavity enhances the signal during

urosonography and helps to identify any potential vesico-ureteric reflux in children.*®

Risks, contraindications and barriers

Safety profile of CEUS contrast agent.

In the US it is generally accepted that UCA are safe with a low incidence of side effects. They are not
nephrotoxic or cardiotoxic and their use does not require renal function tests to be performed prior
to administration.®” The actual gas volume injected intravenously into a patient is usually less than
200 pl and the gases do not react with any substances inside the body. A large-scale retrospective
analysis showed that SonoVue has a good safety profile in abdominal applications, with an adverse
event reporting rate lower than or similar to that reported for radiologic and magnetic resonance
contrast agents.® It was reported that the use of contrast during dobutamine stress ECGs was not
associated with an increase in side effects even in patients with a high prevalence of ischaemic heart
disease and resting regional wall motion abnormalities.” Timperley’s findings'® were congruent with
those of Aggeli and colleagues'® which reported that stress contrast-echocardiography was found to

I also

be an exceptionally safe technique in a large series of subjects. Furthermore, Ananthram et a
reported that the administration of ultrasound contrast agents for stress echocardiography in those

with stable chest pain and suspected acute coronary syndrome was not associated with an excess

risk of excess adverse events.

However, in 2004 the European Medicines Agency (EMEA) put on hold an on- going clinical studies
involving Sonovue. This followed on from three serious events resulting in death for three patients
for cardiac imaging who had coronary artery disease, which occurred at a time similar to when they

had been injected with Sonovue. An extensive investigation concluded that the reactions were
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idiosyncratic hypersensitivity reactions which are not unusual for injectables as observed earlier.®
The EMEA removed the safety restrictions on Sonovue in 2005 but extended the contraindications to

those with acute coronary syndrome or other unstable ischaemic conditions.*

A large independent retrospective study assessed the incidence of adverse events for SonoVue®,
drawing from a total of 23 188 investigations. Data was collected from 28 centres in Italy. No fatal
event occurred and adverse events were reported in 29 cases, of which only two were graded as
serious; the rest, 27, were non-serious (23 mild, three moderate and one severe). The overall
reporting rate of serious adverse events was 0.0086%. Overall, only four adverse events required
treatment; two serious, two non-serious including one moderate and one severe adverse event that
could be associated with the UCA.*® Such a profile is comparable or below the number of adverse
events of CT and MRI agents and most analgesics and antibiotics.* In the study there were some
adverse events which had the characteristics of anaphylactic/anaphylactoid reactions. The overall
reporting of this reaction was 0.013%, lower than reported for other contrast agents and similar to
those associated with analgesics and antibiotics.*® This trial was retrospective so it is likely reaction
rates classified as mild or moderate are underestimated due to lack of documentation of all such

30
l.

reactions which is an acknowledged outcome of this trial.”™ However, it is less likely that severe or

serious or severe adverse events were missed in this study.

Risks: comparison of CEUS with other imaging techniques

Although CEUS may not be without risk, it does not carry some of the risks associated with the other
contrast enhanced imaging techniques. Most obviously, the specific risk associated with CT scanning
is the exposure of the patient to ionizing radiation, a recognised drawback of this application when
compared to ultrasound.”® Furthermore, often contrast agent is indicated for CT diagnostics and
some patients will have contraindications to the iodine-based contrast agents used, including

patients with moderate to severe renal failure because of the risk of contrast induced
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nephrotoxicity, including subsequent nephropathy.>*!

Although MRI scans do not involve radiation,
other aspects need to be taken into consideration. Because of the magnetic forces involved in MRI
scans, patients with most pacemakers and defibrillators cannot undergo an MRI. Furthermore,
patients who are claustrophobic may be much more receptive to undergoing CEUS compared to
MRI.** As with CT-scans, often MRI scans require contrast agent to be applied to allow a diagnosis to
be made. The gadolinium-based contrast agents have been shown to be contraindicated in patients
with renal problems. NSF is a potentially lethal disorder occurring in patients with renal failure.*
Other studies cite acute non-renal adverse reactions e.g. anaphylactoid reactions, dizziness, nausea,

pancreatitis and local necrosis of the injection site.***!

Considerations before applying CEUS

As with any other medical imaging modality, several aspects need to be considered before CEUS can
be implemented in a radiology department and potentially be sonographer or radiographer-led. First
and foremost, there should be a clinical requisite for the application of CEUS. If there is indeed a
clinical need then financial reimbursement and commissioning needs to be addressed, and
equipment needs to be purchased, which will involve liaising with business managers and
procurement activities. CEUS will not only involve the expert use of a high specification ultrasound
system, but also requires injection or administration of UCA. There is a requirement for competence
in preparing contrast agent solution — Sonovue for instance arrives freeze-dried and needs to be
prepared on site — and also injection of UCA into patients. In addition to all the above, the usual
aspects of delivering medical imaging services apply: consent of patients and adherence to safety

policies, including risk assessments, and reporting guidelines.

In order to be able to deliver the CEUS service and to ensure patient safety, training requirements
need to be met. The European Federation of Societies for Ultrasound in Medicine and Biology

(EFSUMB) offers training courses through its EUROSON school programme. Currently there are three
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skill levels for CEUS: level 1, Training and Practice; level 2, Knowledge Base; and level 3, Training and
Practice.”®* A competent CEUS practitioner should be able to perform a CEUS examination to EFSUMB
Minimum Requirements, to recognise focal lesions and vascular disorders, be aware of the effects of
UCA, be competent to compare CEUS to other imaging modalities such as CT and MRI, and to write
an appropriate report.* Continued professional development should then be applied to keep up to

date with the latest developments.

conclusions

Technology has improved the stability of microbubbles used in CEUS and the number of applications
for this diagnostic technique has increased. Non-cardiology specialties have adopted CEUS and, in
addition to conventional venous administration, applications have been introduced which require
the contrast agent to be instilled endoluminally. CEUS has a favourable safety profile but
practitioners should be aware of patients’ past medical history and co-morbidities, particularly acute
cardiovascular disease. The increased incorporation of CEUS within diagnostic imaging services may
mean that more radiographers are potentially exposed to this technique and radiographer-led clinics
may in due course become more commonplace in radiology departments. It can be seen that good
deal of groundwork sits behind the introduction of what may at first glance appear to be a fairly
simple addition to the diagnostic imaging repertoire. For such integral changes to be effective,
teamwork with the supportive leadership of radiologists and service managers will undoubtedly be

required.
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Figure 1. Colour Doppler imaging (left) reveals an occluded portal vein (arrow). Post
contrast Low Mechanical Index (CPS) imaging (right) again shows the occluded portal vein

but also previously unseen liver metastases (arrows) in a transplant candidate.



Table 1, Summary of ultrasound contrast agents

Brand Name Gas/shell Gen Producer Indication
Sonovue " sulphurhexafluoride / 2 Bracco, Italy Echocardiography, Doppler
phospholipid
Luminity” / octafluoropropane / 2 Bristol-Myers Squibb | Echocardiography
Definity” phospholipids
Op‘rison® octafluoropropane / 2 GE Healthcare Echocardiography
albumin
Levovist~ air / lipid & galactose 1 Schering Echocardiography, Doppler
Albunex air/ albumin 1 Mallinkrodt Medical Echocardiography, Doppler




