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Abstract

Ultrasound contrast agents (UCAs) have a well-established role in clinical cardiology. Contrast echocardiography
has evolved into a routine technique through the establishment of contrast protocols, an excellent safety profile,
and clinical guidelines which highlight the incremental prognostic utility of contrast enhanced echocardiography.
This document aims to provide practical guidance on the safe and effective use of contrast; reviews the role of indi-
vidual staff groups; and training requirements to facilitate its routine use in the echocardiography laboratory.
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Introduction

Ultrasound contrast agent (UCA) has been well estab-
lished as a safe, cost-effective, and reliable imaging tool
for detecting heart disease [1-3]. UCA is an essential
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Table 1 Commercially available ultrasound contrast agents in

the UK
Name Manufacturer Shell Gas
SonoVue Bracco Diagnostics  Phospholipid Sulphur hexafluoride
Luminity Lantheus Medical Phospholipid Perflutren
Imaging
Optison  GE Healthcare Human albumin  Perflutren

3. There are differences between the agents in storage,
preparation, and administration.

4. They may be administered as a slow bolus or intrave-
nous infusion.

5. A dedicated infusion pump (Vuejet) is available for
continuous infusion of SonoVue.

At present there are three commercially available ultra-
sound contrast agents (UCAs) in the United Kingdom
which share some common properties; they are microbub-
bles containing inert bio-compatible high-molecular weight
gas and are encapsulated within a shell (Table 1). Using
high molecular weight gases with relatively low solubility
and diffusivity limits, the outward diffusion of gas from its
core and the encapsulating shell further reduces outward
diffusion, improving stability after intravenous injection [5].
UCAs are sufficiently small (<7 pm, size of the red blood
cell) to pass unhindered through the pulmonary and sys-
temic capillary beds and remains entirely intravascular [6].

All three contrast agents in Table 1 are approved only
for intravenous use. Each contrast agent has specific stor-
age conditions, shelf life and methods of preparation
which are further described below.

Contrast administration

SonoVue

Storage

The product does not require any special storage con-
ditions. Once reconstituted, chemical and physical
stability has been demonstrated for 6 h, however it is rec-
ommended that the product be used immediately once
prepared [7].

Preparation

Before use, examine the product to ensure that the con-
tainer and closure have not been damaged. SonoVue is
prepared by injecting 5 mL of normal saline into the con-
tents of the vial. The vial is then shaken vigorously for at
least twenty seconds until the lyophilisate is completely
dissolved. The desired volume of the dispersion can be
drawn into a syringe any time up to six hours after recon-
stitution. Do not use if the liquid obtained is clear and/or
if solid parts of the lyophilisate are seen in the suspension
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[7]. It is important to look before administration to check
that the liquid is milky white, this ensures no significant
microbubble degeneration. This applies to all UCAs.

Bolus injection

Just before drawing the dispersion into a syringe, the vial
should be agitated to re-suspend the microbubbles, Sono-
Vue should be administered immediately after drawing into
a syringe by injection into a peripheral vein. If SonoVue is
not used immediately after reconstitution, the microbub-
ble dispersion should be shaken again before being drawn
up into a syringe. The recommended dose of SonoVue for
cardiac chambers at rest or with stress is 2 ml, followed
by a 5 ml flush of saline. However, the clinical experience
endorsed by international guidelines is to use only 0.5 ml
slow bolus at rest and stress which usually suffices as the
latest machine technology is very sensitive in detecting the
microbubbles. This can be repeated as required.

Continuous infusion

The manufacturers of SonoVue produce a specific pump
(Vueject®) (Fig. 1) which continuously oscillates and agi-
tates the suspension, preventing separation of the con-
tents. SonoVue is aspirated from the vial into a product
specific 20 ml syringe, which is then placed inside the
pump with an infusion line connected to the syringe.
However, SonoVue can also be administered 1:1 diluted
with saline. During initiation of the pump, it oscillates
for 90 s initially as part of the setup, whereafter the pump
continues to oscillate after initial mixing is complete.
The infusion rate can be controlled via a touchpad and
increased/decreased as necessary; as the rate is changed,
the time remaining for contrast use is displayed simulta-
neously [8]. Typically, an infusion rate of 0.8—1.0 ml/min
is optimal for both left ventricular opacification (LVO)
and myocardial opacification.

Fig. 1 Vueject® pump produced by Bracco for continuous SonoVue
infusion
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Luminity

Storage

The product has a shelf-life of two years and should be
stored in a refrigerator between 2 and 8°C. Once acti-
vated it should be used within 12 h, if not, the product
can be re-activated up to 48 h after initial activation and
used up to 12 h after the second activation. After activa-
tion it should be stored below 30 °C [9].

Preparation

The vial is activated using the Vialmix. Immediately after
activation, Luminity appears as a milky white dispersion.
If the product stands for more than 5 min after activation,
re-suspend with 10 s of hand agitation prior to syringe
withdrawal from the vial. The vial should be vented with
a sterile syringe needle prior to withdrawing the disper-
sion: venting avoids negative pressure, allowing easy
withdrawal (Fig. 2a). The dispersion should be withdrawn
from the vial using a syringe with an 18—20-gauge sterile
needle (without a filter). Position the needle to withdraw
the material from the middle of the liquid in the inverted
vial. No air should be injected into the vial. The product
should be used immediately after its withdrawal from the
vial. Luminity may be diluted with saline for injection or
50 mg/ml (5%) glucose solution for injection. The con-
tents of the vial are intended for single use only [9].

Continuous infusion

Combine 1.3 ml LUMINITY® with 50 ml of saline in an
IV bag and squeeze the IV bag gently to distribute the
microbubbles evenly (Fig. 2b). Initiate rate of infusion at
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4.0 ml/minute, then titrate as necessary to achieve opti-
mal image enhancement. Do not exceed 10 ml/minute
[9].

Diluted IV Bolus injection

Withdraw 0.2 ml of Luminity with a 1 ml syringe diluted
with 0.8 ml saline (Fig. 2c) and administer slowly. The
total dose should not exceed 1.6 ml [5].

Optison

Storage

The unopened vial has a shelf life of two years; the fin-
ished product after seal perforation has a shelf life of
30 min. Optison should be stored upright in a refrigera-
tor between 2 and 8°C. It is possible to store at room tem-
perature (up to 25 °C) for one day [10].

Preparation

Once the seal has been penetrated, the contents should
be used within 30 min and any unused product dis-
carded. In the non-resuspended form, Optison has a
white layer of microspheres on top of the liquid phase
that requires resuspension before use; resuspension is
achieved by inverting and gently rotating for approxi-
mately 3 min. Complete resuspension is indicated by a
uniformly opaque white suspension and absence of any
material on stopper and vial surfaces. Do not inject cold
solutions taken directly from the refrigerator, allow the
vial to reach room temperature and inspect the liquid
phase for particulate matter or precipitates before resus-
pension [10].

a. Withdrawal

b. Continuous infusion

c. Diluted bolus

Fig. 2 lllustration of the withdrawal of Luminity from the vial using a venting needle, the preparation and administration of a continuous infusion
and a diluted bolus injection (Permission to publish images granted by Pharmanovia)
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Optison should be withdrawn into a syringe within
1 min after resuspension. Avoid pressure instability
within the vial by venting the vial with a sterile 18-gauge
needle before withdrawing the suspension into the injec-
tion syringe. Pressure instability may cause disruption of
microspheres and loss of contrast effect. Do not inject air
into the vial as this will damage the product [10].

Administration

Use the suspension within 30 min after withdrawal. Opti-
son will segregate in an undisturbed syringe and must be
resuspended before use. This can be achieved by holding
the syringe horizontally between the palms of the hands
and rolling it quickly back and forth for at least 10 s.
Inject 0.3—-0.5 ml as a slow bolus followed by 5 ml of nor-
mal saline administered over 10 s.

Medicines legislation for contrast administration
Key points

1. There are several pathways that enable different
healthcare professionals to administer UCA.

2. All medical professionals can administer UCA, but
not necessarily prescribe.

Healthcare professionals who may be required to
administer UCA in a contemporary echocardiography
department include doctors, cardiac nurses, cardiac
physiologists, clinical cardiac scientists, and echocardi-
ographers. There are various routes through which non-
medical healthcare professionals can administer UCA
(Table 2).

The legislation on medicines regulation is defined
under the Human Medicines Regulations 2012 (UK
statutory instrument) and states that prescription- only
medicine can only be administered in accordance with a
signed prescription through a Patient Specific Direction
(PSD) or Patient Group Direction (PGD) [11].

PGDs and PSDs are created for use in local NHS Trusts,
usually in collaboration with a multi-disciplinary group
including a doctor, a pharmacist and a representative of
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any professional group expected to be administering the
medicines (e.g., an echocardiographer). It is good prac-
tice to involve local drug and therapeutic committees,
prescribing committees, and similar advisory bodies.

Patient group direction

The use of PGDs is written into legislation and provides a
legal framework that allows specified healthcare profes-
sionals registered with a statutory body overseen by the
Health and Care Professions Council (HCPC) to supply
and administer specified medicines to pre-defined groups
of patients without a prescription [11].

In December 2020, the HCPC published their response
to NHS England’s consultation on the proposal for the
supply and administration of medicines using PGDs for
clinical scientists across the UK. The HCPC supports
making amendments to legislation to enable clinical sci-
entists to supply and administer medicines using PGDs
[12]. However, at the time of writing this has not been
mandated and clinical scientists can only supply and
administer medicines using a patient specific direction
(PSDs).

Patient specific direction

A PSD is the traditional written instruction (prescrip-
tion), signed by a doctor, dentist, or non-medical pre-
scriber for medicines to be supplied and/or administered
to a named patient after the prescriber has assessed the
patient on an individual basis [13]. By law, anyone whom
a prescriber has assessed as competent, and has been del-
egated the task may follow a PSD [14].

PSD versus PGD
A PGD can only be used in echocardiography labs where
nurses administer UCA. It is therefore recommended
introducing a PSD for the administration of UCA, this
would cover all healthcare professionals involved in UCA
administration.

Table 2 Non-medical healthcare professionals; prescription and administration matrix

Profession Supply and administration Prescribing

PSD PGD Exemption SP IP IP—CDs
Cardiac physiologist /
Clinical scientist /
Nurse / / / / /
Echocardiographer /

PSD patient specific direction, PGD patient group direction, SP supplementary prescribing, /P independent prescribing, CD controlled drugs
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Guidance for the administration of UCA in accordance

with a PSD

Non-medical clinical staff who administer medicines
should receive appropriate and specific training that
demonstrates competence in the appropriate procedures.
Guidance is given here but individuals should ensure
that they also comply with all local requirements. This
document aims to aid Trusts in preparing local Standard
Operating Procedures, training programmes and assess-
ment of competency for the administration of UCA by
non-medical healthcare professionals in accordance with
a PSD.

Information required in a PSD

In practice, a PSD is commonly referred to as a prescrip-
tion by those who write and follow them as this indicates
it has been written by a prescriber. Figure 3 demonstrates
how the use of a PSD can be incorporated into routine
workflow. For the administration of a prescription only
medication, a PSD should include the following informa-
tion as a minimum [15]. See Appendix D for an example:

— Name of patient and other individual patient identi-
fiers

— Allergies or previous adverse drug reactions

— Individual batch number and expiry date of medicine

— Name of medicine and strength

— Route of administration

— Dose

— Frequency

— Date of treatment/number of doses/frequencies

— Signature of prescriber and date PSD written

Contrast-specific ultrasound imaging
Key points

1. There are two contrast imaging pre-sets available
on the Philips and GE platforms: namely LVO/LV
Contrast’ (MI>0.2) and ‘Low MI/Contrast Low MI’
(<0.2).

2. The BSE recommends using ‘Low MI’ contrast spe-
cific imaging pre-set in the fundamental mode both
for rest and stress imaging, if available and well opti-
mised.

3. ‘Low MT in the fundamental mode provides excel-
lent endocardial definition, allows low volumes of
contrast usages, provides uniform opacification with
minimum optimisation and the simultaneous ability
to assess perfusion.

4. The LVO’ pre-set in the harmonic mode may be
used (ideally fundamental mode) if ‘Low MI" funda-
mental imaging mode is not available. LVO imaging
mode does not allow perfusion assessment with the
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presently available UCA, requires a larger volume of
contrast and apical artifacts are common.

Microbubble physics

Contrast- specific imaging techniques aim to detect the
signals from the microbubble (mostly nonlinear signals)
and suppress the signals from the tissue (mostly linear
signals) by relying on the unique nonlinear behaviour of a
microbubble in an acoustic field. Microbubbles in a beam
of ultrasound undergo oscillation in response to the vari-
ations in acoustic pressure transmitted by the transducer.
While oscillating, the microbubbles undergo limited
compression but expand more, resulting in non-linear
signals which give off both fundamental signals and mul-
tiples of incident frequencies called harmonic signals
[16]. Tissue generates both fundamental and harmonic
signals. The difference between the signals of microbub-
bles and tissue are the presence of nonlinear signals from
the microbubbles. The linear signals from the tissue can
be supressed by cancellation algorithms known as con-
trast specific techniques [17].

Mechanical index (MI) is a measure of acoustic power
and is expressed as peak negative pressure/vVfrequency
(P- IV f). The MI provides information about the mag-
nitude of energy administered to a patient during an
echocardiographic examination. Simply put, the MI is a
measure of the power of an ultrasound beam [18]. In this
document and subsequent vendor specific recommen-
dations, the following definitions of acoustic power are
used; high MI exceeds 0.5, intermediate MI represents
values of 0.2- 0.5, low MI represents values<0.2. Typi-
cally, high-MI (> 1) techniques used in conventional har-
monic imaging will lead to exponential expansion of the
microbubbles, resulting in destruction and elimination of
most microbubbles.

Contrast specificimaging techniques

Multiple pulses are transmitted down each scan line of
the image; pulses are either of alternating polarity or var-
ying amplitude. Returning signals are processed as being
derived from tissue, hence suppressed if the returning
scatter is perfectly out of phase or proportionally altered
in amplitude. The nonlinear signals that remain are
derived from contrast microbubbles and are displayed
[17].

High and intermediate MI imaging typically employs
harmonic imaging techniques (harmonics are more
prominent than fundamental signals) and multi-pulse
techniques, where low MI techniques use more sophis-
ticated multi-pulse nonlinear detection techniques in
the fundamental mode. Low MI techniques rely on fun-
damental frequencies as harmonic frequencies are very
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Workflow during the use of a Patient Specific Direction

!

Transthoracic echocardiography

Refer to clinical indication

l

UCA is recommended based on the
clinical indication

!

Stress echocardiography

1 or more segments not visualised on
deep inspiration

l

UCA is indicated

Inform patient of need to administer UCA and obtain informed consent

Echocardiographer rules out any
contraindications to UCA

Prescriber decides on UCA administration and prescribes using the PSD

l

Echocardiographer administers contrast and records details of administration

Fig. 3 The workflow in an echocardiography laboratory using a PSD

weak at this MI and at the far field causing attenuation.
In fundamental mode at the low MI the amplitude of the
microbubbles is high, and together with tissue signals
which are cancelled through sophisticated multi-pulse
cancellation techniques, significantly improves the signal
to noise ratio of the microbubbles [19]. There are several

cancellation sequences, but the most frequently used is
power modulation.

Power modulation
The power (amplitude) of each pulse is varied (Fig. 4). The
low and high amplitude pulses create a linear response
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incident
pulse

Fig. 4 There are multiple consecutive pulses in every scanline,

3 of them are displayed in the top row. Second row represents

the corresponding received pulses. The received tissue (linear
scatterer) signals are combined by adding the two half amplitude
signals and subtracting the full amplitude signal. For tissue,

the echoes cancel one another, leading to tissue suppression.

The third row represents corresponding signals received

from microbubbles (nonlinear scatterers). The shape of the full height
pulse is different from the half height pulse resulting in a significant
“nonlinear”signal remaining after the sum of the received signals
from the two half height pulses are subtracted from the full height
pulse (Permission to publish images granted by Philips Healthcare)

from tissue but nonlinear response from microbubbles.
The linear responses from the two different pulses are
then subtracted from each other and the transducer only
detects the nonlinear behaviour, which emanate only
from the microbubbles [1].

The two leading ultrasound suppliers in the UK use
distinct contrast imaging techniques on their echocar-
diography systems, and optimal images are achieved in
slightly different ways. A summary of these techniques
and their applications across the Philips and GE plat-
forms can be found in Appendix A. Although Philips and
GE are the two main platforms being used in the UK with
proven capability for UCA imaging, there may be other
platforms (Cannon, Siemens, Fuji) with capability for
UCA imaging; centres wanting to explore UCA imaging
on these platforms should contact the application spe-
cialists from the respected vendors.

Table 3 demonstrates the results of selecting default
settings for the Philips EPIQ or the GE Vivid E95 sys-
tem. For standard left ventricular opacification (LVO)
the default settings should be sufficient for good quality
images, no manual adjustments should be necessary. An
optimal LVO image is one in which the LV is uniformly
well opacified from the apex to the mitral valve level.
There should be clear endocardial border delineation,
and the epicardial border should be seen throughout the
cardiac cycle. This allows an assessment of wall thicken-
ing, the reduction of which suggests pathology.
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If imaging for perfusion, which can only be performed
at low MI for the commercially available microbubbles,
some minor adjustments will need to be made to opti-
mise images. It is recommended that these adjustments
are made with the help of your vendor-specific imaging
specialist and a separate pre-set be created for perfusion
imaging. There is no one specific setting that can be rec-
ommended to fit all the different systems; they will vary
slighty between the different software versions and also
between 2 and 3D probes. For the assesment of myocar-
dial perfusion, the myocardium should be well opacified
throughout. At rest, when the wall thickening is normal,
there should not be any reduction in myocardial opcifica-
tion. For both settings, the focal point should be set at the
mitral valve level. A working example of the settings for
an optimal ‘Low MI pre-set (Philips EPIQ) can be seen
in Appendix B. Settings are similar between 2 and 3D
probes, however, the 2D probe is recommended for myo-
cardial perfusion imaging with a low MI pre-set.

Routine clinical applications
Key points

1) The BSE recommends that contrast is used when two
or more segments cannot be visualised.

2) Contrast may be considered for detailed assessment
of LV ejection fraction and LV volumes when accu-
rate assessment is central to clinical decision-making.

3) If LV ejection fraction is being monitored, contrast
should be considered even if all segments are seen.

4) Contrast may be considered in the assessment of
intracardiac masses, apical abnormalities, and non-
compaction.

Assessment of cardiac function and structure.

LV volumes

Volumetric measurements should be made by tracing
the interface of the compacted myocardium and the LV
cavity, excluding the trabeculae, as seen in Fig. 5b and
d, below [20]. This may not be reliably performed with
unenhanced imaging as trabeculation can obscure detec-
tion of compacted myocardium. When there is poor
endocardial visualisation of at least 2 contiguous seg-
ments out of 6 segments in the apical views, UCA is rec-
ommended. Unenhanced 2D images may underestimate
LV volume assessment because of noise in the LV cavity
and foreshortening. Contrast echocardiography not only
suppresses noise from the LV cavity, improving identifi-
cation of the compacted myocardium, but also minimises
foreshortening which allows the true longitudinal axis of
the LV to be measured [2]. Irrespective of whether 2D or
3D imaging is being utilised, LV volume measurements
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Fig.5 a Unenhanced apical 4 chamber with a diastolic LV volume of 103 ml. b Contrast enhanced apical 4 chamber in diastole measuring a LV
volume of 114 ml. ¢ Unenhanced apical 2 chamber measuring a diastolic volume of 105 ml. d Contrast enhanced apical 2 chamber in diastole

measuring a LV volume of 127 ml

obtained with UCA are significantly larger than unen-
hanced images (Fig. 5) [21], and are closer to values
achieved with MRI, considered a gold standard for LV
volume assessment. The normal range of LV volumes
with UCA has not been established, therefore use cham-

ber quantification guidelines with caution when applying
normal ranges.

Left ventricular ejection fraction

Even when image quality is good, UCA may be consid-
ered in patients where accurate quantitative assessment

of left ventricular ejection fraction (LVEF) is central to
clinical decision-making. Such scenarios may include
consideration for device therapy, monitoring the effects
of potentially cardiotoxic medication (e.g., chemothera-
peutic agents), or in patients with valve disease who are
under surveillance for intervention [2, 3]. UCA increases
the accuracy of LVEF measurements and reduces inter-
observer variability [21]. During routine transthoracic
echo (TTE) studies, UCA should be considered when
two or more out of 6 LV segments in the apical views
cannot be visualised adequately for the assessment of LV
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function (LVEF or regional assessment) [2, 3, 16]. Once a
decision has been made to employ UCA, it is imperative
that subsequent surveillance studies use the same tech-
nique for comparison and identification of any interval
change.

Regional wall thickening

Where views can be obtained but endocardial border
delineation is insufficient, UCA should be considered.
The assessment of wall thickening is highly subjective
and highly dependent on image quality, emphasising the
importance of being able to detect both the endocar-
dium and epicardium throughout ventricular systole [2,
3]. Analysis of regional wall thickening is subject to sig-
nificant inter-observer variability; therefore, agreement is
improved with the use of UCA [22].

Cardiac structure

Besides visualisation of the endocardial borders, opacifi-
cation of the LV cavity with UCA allows for the detection,
characterisation, and diagnosis of intracardiac abnormal-
ities and conditions that influence the shape and contour
of the LV [2-4].

LV apical hypertrophy

When apical hypertrophic cardiomyopathy is suspected
but cannot clearly be excluded with routine unenhanced
echocardiography, UCA should be administered. Visu-
alisation of apical aneurysm and thrombi associated with
apical hypertrophy can also be improved.

LV non-compaction

LV non-compaction is alterations of myocardial structure
with thickened, hypokinetic segments consisting of two
layers: a thin, compacted subepicardial myocardium and
a thicker, noncompacted subendocardial myocardium.
UCA is useful in identifying the deep recesses and expos-
ing the myocardial trabeculations in the non-compacted
myocardium [1-3]. Low MI imaging may be used but if
not diagnostic reassess using an MI setting that is higher
(LVO with Intermediate MI) with harmonic setting as
cardiac structures reflect harmonics.

LV apical thrombus

A thrombus will appear as a ‘filling defect! UCA increases
the sensitivity for the detection of a LV thrombus and
improves the negative predictive value [24]. Echocardiog-
raphy is the initial tool for identification of apical thrombi
[25]. The BSE recommends that UCA is considered in all
patients with either (i) an apical aneurysm, or (ii) akine-
sis of all four apical segments (including the apical cap),
irrespective of image quality. It is important to appre-
ciate that even when UCA is employed in this clinical
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scenario, the negative predictive value of contrast echo
for apical thrombus is not 100%, and additional imaging
may be required [26]. In the absence of an apical aneu-
rysm and/or apical akinesis, where there is suspicion of
a mass, UCA should be administered if image quality is
suboptimal.

Non-traditional “off-axis” views should be obtained to
visualize the entire apex while imaging with UCA. LVO
imaging mode may also be used but often small thrombi
detection may be compromised by overlying apical swirl-
ing due to microbubble destruction at higher MI.

LV apical aneurysm

True aneurysms are characterised by thin walls and a
dilated apex, which involve the full thickness of the ven-
tricular wall and may be akinetic or dyskinetic. If the
apex is not visualised adequately an apical aneurysm may
go undetected until UCA is administered. A false aneu-
rysm occurs when the LV ruptures after acute myocar-
dial infarction but is contained by fibrinous material. This
is frequently a terminal diagnosis although on occasion
life-saving surgery can be undertaken. UCA may provide
value in identifying false aneurysm.

Left atrial appendage thrombus

In patients with atrial fibrillation planned for cardio-
version, whenever the atrial appendage has significant
spontaneous contrast or cannot be adequately visualized
during unenhanced transoesophageal echocardiography
(TOE), UCA should be considered. Specific MI settings
have not been established, however, for optimal imag-
ing switch to harmonic mode at a transmit frequency
of 3 MHz (transmit with the MI reduced to<0.2 in the
power modulation mode if available), with focus set at
the level of the appendage.

Intracardiac masses

Intracardiac masses can be pathological such as throm-
bus, vegetation, or tumour; or normal variations of car-
diac structure such as a false chord, accessory papillary
muscle, or prominent trabeculation. Any suspicious car-
diac mass, when not clear on baseline images, may be
confirmed or refuted after administration on UCA, once
structures are clearly delineated [27]. Perfusion imaging,
described later, helps in characterising the mass. Vascular
masses (exhibiting presence of prominent perfusion) are
often associated with malignant tumours (Fig. 6). Myxo-
mas demonstrate patchy perfusion. An avascular mass
(demonstrating no contrast uptake) overlying an akinetic
myocardium is highly likely to be a thrombus. Off-axis
images and longer loop acquisitions are recommended
to help identify and characterize intracardiac thrombi or
masses [23].
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Fig. 6 a Steady state perfusion reveals a mass in the LV apex perfused with microbubbles. b Microbubbles are transiently destroyed with a high
Ml flash. ¢ There is replenishment of microbubbles seen in the mass post flash suggesting a highly vascular structure, this is highly suspicious

of a tumour

Right ventricular structure and function

When trying to diagnose regional wall thickening abnor-
malities, tumours, and thrombi in the right ventricle
(RV), UCA administration can be used to distinguish
these abnormalities from normal structures. To position
the RV in the near field, use the modified apical four-
chamber window of the RV (RV focussed view) or the
parasternal view [2]. Functional assessment of RV can
also be achieved using UCA [28]. However, wall thicken-
ing abnormalities can be difficult to detect due to the thin
right ventricular free wall and lack of appreciation of the
epicardial border.

Stress imaging
Key points

1) The threshold for using UCA during stress echo-
cardiography should be extremely low for optimal
assessment of regional wall motion abnormalities.

2) When myocardial perfusion assessment is required,
UCA should be administered even if all segments are
visualised.

3) Where expertise exists, myocardial perfusion could
be assessed in patients undergoing dobutamine, bicy-
cle or vasodilator stress and following treadmill if
likelihood of CAD is high, for the assessment of myo-
cardial ischaemia and viability beyond wall motion
assessment.

UCA use during both exercise stress echocardiography
(ESE) and dobutamine stress echocardiography (DSE)
improves sensitivity, specificity, and accuracy in patients
with suboptimal images, owing to better endocardial bor-
der detection at rest and during stress [2, 3, 16]. The use
of UCA when two or more segments are not adequately
visualized, either at rest or during peak stress, reduces
costs and improves cost saving with abnormal results
predicting adverse events [2, 29]. Because disease in a
single coronary territory may affect only one segment
in any apical or parasternal view, the BSE proposes that
UCA be considered if any segment cannot be adequately
visualised at rest. UCA should also be considered if deep
inspiration at rest (which mimics breathing during exer-
cise stress) leads to poor visualisation of one or more
segments.

Imaging for myocardial perfusion
Pathophysiologic basis of UCA- assessed myocardial
perfusion
Myocardial perfusion is tissue blood flow at the capil-
lary level, 90% of blood within the myocardium resides
within the capillaries [3, 30]. Using a continuous infusion
of UCA will result in a steady state within the circulation
(Fig. 7a), at which point the signal intensity in the myo-
cardium depicts capillary blood volume [31].

The best imaging mode to assess myocardial perfusion
using the commercially available UCAs is as for assessing
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Fig. 7 A At peak stress a steady state of contrast is seen throughout the myocardium. B A high Mi flash is delivered, and microbubbles are
temporarily cleared from the myocardial capillaries. C Myocardial replenishment of microbubbles are seen after one cardiac cycle, with an artefact
in the basal anterolateral segment (see Additional file 1: Video S1). Artefact is commonly seen here as lateral resolution is lower than axial definition.
The artefact is characterised by full thickness defect which extends beyond the myocardium as opposed to a true defect which is usually
subendocardial and fills from the epicardium to the endocardium after 2 secs (see text)

cardiac structure and function -low MI contrast specific
imaging. Microbubbles are temporarily cleared from myo-
cardial capillaries by transiently increasing the MI to a
maximum of 0.9MI (generally 0.6—0.9) (Fig. 7b), following
which low MI imaging is commenced. Microbubbles will
replenish the myocardium (Fig. 7c). The rate of replenish-
ment determines myocardial capillary blood velocity, and
the product of capillary blood volume x velocity denotes
myocardial capillary blood flow (MBF) [3].

Qualitative assessment of CAD

In patients with flow-limiting CAD, both capillary blood
velocity and capillary blood volume are reduced in pro-
portion to the severity of coronary stenosis. At rest, a
healthy myocardium supplied by a normal coronary
artery will replenish within 5 s following a series of high
MI frames (five cardiac cycles if the heart rate is 60 bpm)
because normal capillary blood flow velocity is 1 mm/s,
and the elevation of the transducer is 5 mm. During
stress, MBF normally increases four—fivefold, such that
replenishment will be complete within 1-2 s (2—4 car-
diac cycles at a heart rate of 120 bpm). Typically, the
delayed appearance of contrast with a reduced intensity
in the sub endocardium (Fig. 8), is the hallmark of flow-
limiting CAD [31]. However, myocardial ischemia can
also occur in patients without obstructive CAD due to
coronary microvascular dysfunction (CMD). A condition
more common than previously thought in patients pre-
senting with ischemic symptoms, known as Ischemia in

Non-Obstructive Coronary Artery Disease (INOCA). In
this condition regional wall thickening abnormalities may
not occur for two reasons: (1) it is commonly a global
phenomenon (2) unlike CAD, the subendocardium may
not be affected—a prerequisite for occurrence of wall
thickening abnormalities. The characteristic myocardial
perfusion abnormality during stress in INOCA is slow
filling of the myocardium beyond 2 s. However, capillary
derecruitment with resultant perfusion defects may also
occur. Quantitative myocardial contrast echocardiogra-
phy (MCE) assessment of myocardial flow reserve<2 is
diagnostic of INOCA [23, 32, 33].

Perfusion provides incremental diagnostic and prog-
nostic information beyond wall motion abnormali-
ties (WMA) during stress echocardiography. Perfusion
analysis during demand stress such as exercise and DSE
improves the detection of CAD compared with WMA
alone [1, 3]. It is also recommended that perfusion assess-
ment be performed in patients with left bundle branch
block (LBBB), as it has it has been shown that perfusion
remains unaffected despite LBBB inducing WMA which
is due to abnormal activation sequence of the myocar-
dium [34] (Fig. 9). Therefore, inducible perfusion defect
in this scenario will suggest flow-limiting CAD, whereas
an inducible WMA may not [35, 36] (Fig. 10). Vasodilator
stress may be performed when demand stress is contrain-
dicated. Since this test does not induce increased oxygen
demand, WMA assessment is less sensitive than perfu-
sion imaging for the detection of flow- limiting CAD
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Fig. 8 a Steady state of myocardial perfusion at peak stress with a heart rate of 120 beats per minute. b Microbubbles are cleared with a high Ml
flash. ¢ Delayed appearance of contrast with a reduced intensity in the sub endocardium seen in the apical segment after 4 cardiac cycles (see
Additional file 2: Video S2)

Fig. 9 a With focussed view of the septum, which is affected during LBBB, wall thickening at end diastole is shown. b Wall thickening at end systole
is shown. There is no discernible increase in wall thickening suggestive of possible ischaemia in the septum
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Fig. 10 a Steady state of myocardial perfusion at rest is shown in the same patient as Fig. 9. b Microbubbles are cleared with a high Ml flash.
¢ Myocardial replenishment of microbubbles are seen after one cardiac cycle, suggesting normal coronary blood flow, hence no myocardial

ischaemia despite reduced wall thickening (see Additional file 3: Video S3)

[30]. Vasodilator stress is preferable in patients with sus-
pected INOCA. Myocardial perfusion assessment may
also detect hibernating myocardium because the pres-
ence of perfusion in dysfunctional myocardium suggests
myocardial viability which is likely to improve following
revascularisation [37]. The details of how to perform
UCA-enhanced myocardial perfusion for the detection of
myocardial ischemia and myocardial viability is detailed
in a recent European Association of Cardiovascular
imaging (EACVI) publication [38]. Appendix C provides
practical guidance on how to perform and interpret a
myocardial perfusion study.

Non-routine application of contrast imaging
Key points

1) In the assessment of aortic disease.

2) In congenital heart disease that presents challenging
windows, UCA may improve image quality and help
with quantification of ventricular function.

3) In intensive care units where patients are ventilated,
and imaging is technically challenging.

4) To enhance Doppler signals during assessment of
RVSP.

Aortic pathology

Although CT and TOE are the most common diagnos-
tic modalities for the detection of type A aortic dissec-
tion, contrast enhancement of the aorta can assist in

distinguishing a true intimal flap from linear artifact on
both TTE and TOE. In patients with aortic dissection,
contrast enhancement can also help delineate the true
and false lumens. The initial bolus of UCA needs to be
imaged during the first pass to delineate the differential
flow in the true and false lumens, avoid attenuation from
too large/rapid injection [2].

Contrast imaging in the intensive care unit
Echocardiography is often technically difficult in ITU
patients due to mechanical ventilation, wound dressings,
and difficulty in patient positioning, emphasizing the
need for UCA in this patient population. UCA is recom-
mended in all technically difficult ITU patients to diag-
nose potentially life-threatening conditions quicker and
more accurately and to reduce the need for downstream
diagnostic testing. UCA should not be withheld based on
any diagnosis or co-morbidity [23].

Contrast imaging in paediatric echocardiography
Contrast agents have now been licensed for use in paedi-
atric cardiology [46].

Contrast imaging in congenital heart disease

Patients with CHD pose additional challenges due to
acoustic window limitations from previous cardiac
operations, chest wall issues, and alterations in cardiac
geometry. It has been shown that UCA improve visu-
alization of segmental wall motion in both the left and
right ventricles in patients with CHD, leading to better
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quantification of ventricular function at rest and during
physiologic or pharmacologic stress [2].

Contrast imaging for Doppler enhancement
The peak tricuspid regurgitant (TR) jet velocity measured
by continuous wave Doppler is used in the estimation of
the right ventricular systolic pressure (RVSP). Trivial TR
can result in incomplete Doppler spectral signals and an
underestimation of the true pressure gradient. UCA or
agitated saline may be used to enhance the TR envelope
for more accurate assessment of velocity. Similarly, on the
left side of the heart, UCA can help improve the spectral
Doppler assessment of the peak aortic jet velocity [39].
When using UCA for Doppler enhancement, spectral
gain should be adjusted to minimise artefact and avoid
overestimation of velocities. If required, it is important
that subsequent surveillance echo studies also employ
UCA for comparison and detection of interval change.
When using UCA for Doppler enhancement, the vol-
ume/concentration should be significantly less than a
standard dose for LVO. Excess UCA will result in high
levels of background noise; wait for the contrast to clear
and reduce the spectral gain to further reduce back-
ground noise, this will enhance the intensity of the Dop-
pler envelope and avoid overestimation of velocities.

Imaging artefacts
Key points

1) Common artefacts include apical swirling, basal
attenuation, blooming, rib, and lung artefacts.

2) Artefacts are more common with LVO pre-sets.

3) These can be overcome by paying attention to the
speed of contrast administration, transmit focus
adjustment, moving the transducer and bringing
the specific part to the centre (axial) of the imaging
plane.

How to recognise and overcome common artefacts

during LVO

Table 4 describes commonly encountered artefacts when
using UCA enhanced echocardiography and provides
techniques to overcome these limitations.

How to recognise and overcome common artefacts

during perfusion imaging

Misdiagnosis of a perfusion defect, characterised by
the absence of contrast, can be made in the presence of
shadowing from ribs/lung tissue or the movement of the
heart in and out of the scan plane. This can be avoided
by adjusting the transducer on the chest or by asking the
patient to breath hold during image acquisition. Apical
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defects can occur because of excessive contrast destruc-
tion due to relatively high acoustic power in the near
field. This is usually transmural with adjacent LV cavity
bubble destruction. This can be overcome by moving the
transmit focus to the apex. Basal anterior and anterolat-
eral artifacts are common due to reduced transmit power
in the lateral part of the sector. This can be overcome by
bringing this part of heart into the axial plane.

Limitations of contrast echocardiography

It is possible to achieve good quality recordings while
using UCA in most patients; however, echocardiogra-
phers require training and a good understanding of the
physics of microbubbles as well as the relevant imaging
techniques. There are specific artefacts unique to con-
trast echocardiography and echocardiographers should
be able to recognise and eliminate them (as discussed
earlier). A limitation to the use of UCA in echocardiog-
raphy may be the additional cost. However, alternative
imaging methods such as nuclear imaging or CMR are
more expensive, and there is good evidence to suggest
suboptimal echocardiographic studies lead to increased
downstream costs [3].

Clinical safety of UCA
Key points

1) Incidence of severe reactions to UCA is extremely
low (1 in 10,000 administrations).

2) Contrast agents are contraindicated in patients with
prior hypersensitivity.

3) UCA are NOT contra-indicated in the presence of
cardiac shunts or pulmonary hypertension.

General safety

The safety of UCA has been examined in a wide variety of
patient populations that include inpatients, outpatients,
critically ill patients, patients with pulmonary hyperten-
sion, patients on mechanical circulatory support and
patients undergoing stress echocardiography [40, 40—43].
These studies have concluded that life-threatening reac-
tions to UCA are extremely rare and occur in approxi-
mately one in 10,000 doses [41]. The most serious adverse
events include hypersensitivity reactions that are not
thought to be immunoglobulin E-mediated, but rather
pseudo-anaphylactic reactions from complement activa-
tion [44, 45]. Recently the potential for rare IgE-mediated
hypersensitivity reactions to certain components in com-
mercially available lipid-based contrast agents (Luminity,
SonoVue) has resulted in an alert on the safety of UCA
[46]. Luminity and SonoVue contain Polyethylene Glycol
(PEQG) in either the excipient alone or in the microbubble



Page 17 of 27

(2023) 10:23

Hampson et al. Echo Research & Practice

OA WODII-§S
008IL

L T L

f

paiinbal s ausoddo

10EX3 34} ISASMOH ‘MOPRYS 34} SWODISA0 0} paiinbail si 1ses3uod aiouw
awnsse 1ybiw Jaydelbo1pIed0yds paduaLRdXaUl Ue LaquIBWRY f
10Bj21Je 34} 9A|053 A|pidel pue $3|gqgngoIdIul SS0Xa a3

1e3)2 ||Im Ja|ddop Inojod Jo buibew |\ ybiy jo uonesydde jaug ¢
UoISNJUI SNONUIIUOD JO 1O UOID3(U SNJOQ JO 9184 dY) MOIS T

p=103(ul Bulsq (UOIIEIIUSOUOD/SUIN|OA) YD JO 3SOP Y1 JaMOT " |
uonnjos

M
>

uo3(Ul DN JO UOBIIUSDUOD/SUIN|OA 33 IO

/PUe 31l 34} 358310Ul ‘AT 943 INOYBNOIYY PAAISSGO S| BUILIIMS §|
(01 pasodxa si 9|gqgnq yoes

ABIau3 a3 BudNpas ‘delaA0 10U [[IM PUB JSMOLIRU YDNW SW0D3q
p|ay JeaU Y3 Ul SUIBaq 943 'SNJ0J PIay Jeau e Yim) UOIONISIP YON
20NpPal ||IM YdIym xade ay3 spiemol Jujod (D04 BUIAOW J9PISUOD) "€
Buibew jewndo ureuiew Ing [N 9Yl 9dNpal Aj[ediewoine

[[IM SIY L "9pOW OAT Y3 Ul (USdD 01 USD)D) [eIUSWEBPUN O3 djUOW
-ley wolj sapow buibew ay3 abueyd ‘9|ge|ieA. 10U SI ||\ MO| IDYM T
uondNIISaP 3|qgng siw

-luiw Apuedyiubis [jim (I mMoj sy ‘buibewr | MOT,3sN ‘S|ge|ieAe §| |
uonnjos

(GS OSPIA G 2|y [BUOHIPPY)

3|qissodwl SIapiog [eIpILIOPUS Y1 JO UONRaUlBP Bulyew A3yl JO
9seq a1 1e Apie|nonied ‘pay-Iej 9yl Ul MOPRYS YIep e Se SISajIue|y
S9IN1ON.IS P|oY-Jey) JO

BuIMOpeYS D1ISNOJE PUR JS11EDSYDE] Play-1eau e buisned ‘xade sy ul
$9]GQNQO.DIW JO UOIRIIUSIUOD/SWN|OA YBIY B WOl SYNSaYy
uondussad

uolenusny

YD JO UOIDNIISSP Ul
S1NS3I UYDIYM J2YBIY I |1\l 9Y1 S SpOUl QAT Ul US3S USLO 210U SI SIY L
PSYOO0}IA0 39 Aew YdIym snguioayy 31| Abojoyaed edide jo uon
-eidaidde sjood pue uoRIUYSP J9PIOQ [elpiedopuUs J0od Ul SYNSaI SIY |
(¥'S OSpIA

‘7 3|y [PUONIPPY) UODUN) paliedull S 24341 pUe Pa1e|ip S| AT 9yl Usym
Ale[nonied ‘UOWIWOD S| ‘paytesu ayi ul Aj[e1dadss 1seiuod Jo bulpiims
uondussad

Buipims

s1oejoule buibew|  ajqeL



Page 18 of 27

(2023) 10:23

Hampson et al. Echo Research & Practice

uoID3ful MOJS I 1DBj11Ie BUILIOO|g/UOeNUSIIe PIOAR 0) ASY 3| 'S
Bulwoo|q

9SI9A3) PUB S3|qQNQOIDIW 559X Jea|d 03 Jajddop Inojod 1o Buibew ||y

ybiy buiAidde Ayaniq Aqg sajqgngouniw ayi Aonsap Apduwoid o1 spew
39 p|noys 1dwaiie A19A3 ‘ssans yead 1e 35 bulnp sind20 bujwoo|q §|
UoISNJUI JO d1e1 3Y1 9DNPai ‘UOISNJUl SNONUIIUOD e Buisn §| ¢

Bujwoo|q Ul }Nsal ||Im UOOS

00} Yonwl 003 BUIAIb ‘20w 123(ul palinbal Jl pue AY SY3 Ul PaAISSTO S|
VDN JO ¥eal1s e se uoos se bunds(ul dois 01 S| anbjuydsy poob v 'z
uod3(Ul SNjOg JO 11 Y} UMOP

MOIS J10/pUE (UOI1RIIUIDUOD/3WN|OA) YD JO 950P Y1 9oNpay “|
uonnjos

(/S 09PIA:/ 3|y [rUOCIIPPY) 35eq pue Xade syl 1e

UORIUYSP JaPIOg [BIPIEIOPUS 19117 10} BUIMO|[e YN JO 9dURIES|D BN
-peib e pue uopenualie [eseq Aq pamoj|oj bujwoolq [edide yim ‘aun
-|oA/UORRIIUSDUOD YBIY B JO UORIS[UI 39U} BUIMO||0) SIUSAS JO SBIISS Y
uondussad

pa12319puUn 0b OS|e Ued |qUIoIY}

|[eWS pUe SI3PIOQ [eIpledopUS JO Uolieaul|sp 100d uj S}Nsai sy

(9S 03PIA 9 3|y [rUOIIPPY) SuoIBa) Bulnogqyblau ol

aNss1} 9y} puoAaq peaids aie sjeubis 1ses3u0d ‘1oeja1ie BUILOO|] YNAA
(uoisnuiad 1ONSI

1nQ) uoisnyiad Joj UXRISIW 3¢ PINOD PUB WNIPIEI0AW SU3 UIYIIM
15211U0D JO 2dUrJeadde 3yl SIAID "UOIIBNUSIIE SMOJ||0) USLO
uondussag

pujwoolg

(panunuod) ¥ ajqel



Page 19 of 27

(2023) 10:23

Hampson et al. Echo Research & Practice

1oBjo1R S1Y) Jof 1esuaduwod A|je
-NSN ||Im uolieIuSLO abew 3y} 1snfpe 01 uldioo) aqoid ayl BUINOW “|
uonnjos

Aem SWS Y} Ul pUNOSeI}|N JO

UOISSILISURIY 943 19N3Sg0 S3|asnW Alejjided ayi a19ym SMIIA Jagquieyd
-OM]} pUE -1noj [edide 3yl Ul Uudas a0 Ajiejiwis ued S|y (85 O3PIA 8 31y
|euonIppPY) saue|d Ueds [eI21e| Y3 Ul JSDNPSURI] Y} WOJ) punoselyn Jo
UoIssiusuel} 3y} BUdNIISQO S JUSIB(PR WOl NS PUR MIIA
Jaguieyd-1noy [edide ayi JO |[em [ea1e] SU3 Ul US3S 318 S1DejaLie g1y
uondussag

s1oefaue 3psnul Alejjided / giy

(panunuod) ¥ ajqel



Hampson et al. Echo Research & Practice (2023) 10:23

shell. Hypersensitivity reactions to PEG components
have recently been recognised after the publication of
case reports implicating PEG allergy. Health and care
providers should enquire about hypersensitivity to agents
that contain PEG as their active ingredient, which include
bowel preparations used during colonoscopy and certain
laxatives. In the case of potential PEG allergy, Optison,
which does not contain PEG, should be used.

Contraindications and specific safety considerations

To date, there are no safety data on pregnant patients.
However, recently FDA approved Lumason (SonoVue in
Europe) for intravenous use in the paediatric population
at a dose of 0.03 ml/kg as bolus [47].

All contraindications for UCA use in patients with
known or suspected right-to-left, bi-directional, or tran-
sient right-to-left cardiac shunts have been removed
(Luminity, SonoVue and Optison) [23]. Similarly, there
are no concerns for the use of UCA in patients with pul-
monary hypertension, with several retrospective and pro-
spective studies demonstrating the safety of these agents
in such populations [39].

The only contraindication to Luminity is known or sus-
pected hypersensitivity to perflutren and or lipid shell.
SonoVue is contraindicated in patients with a history of
hypersensitivity reactions to sulfur hexafluoride, lipid
microsphere components or to any of the inactive ingre-
dients of SonoVue. Optison is contraindicated in patients
with known or suspected hypersensitivity to perflutren,
blood, blood products, or albumin [2].

Adverse events

Adverse reactions include shock, throat swelling, facial
swelling, hives, seizures, convulsions with the most criti-
cal concern during anaphylaxis being respiratory distress
due to bronchospasm [3, 23].

Other reported adverse events associated with UCA
are rare and mild, include headache, weakness, fatigue,
palpitations, nausea, dizziness, dry mouth, altered sense
of smell or taste, dyspnoea, hives, and back pain. UCA
administration should stop immediately stop if there
are any signs of adverse events [3, 23]. Adverse events
should be recorded in the patients’ notes and within the
echocardiogram/stress echocardiogram report to avoid
repeat administration.

Back pain as a side-effect is mostly associated with
Luminity. The leading hypothesis is that it is related to
a complement mediated idiosyncratic reaction, also
observed with other injectable agents that contain
lipid membranes. If back pain occurs during Luminity
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administration, immediately stop injection, and monitor
vital signs. No further treatment is necessary, pain should
resolve spontaneously within a few minutes. In case of
further need of UCA in these patients, an alternative
such as SonoVue or Optison may be used [48].

Responding to adverse events

Once an allergic reaction is identified, the patient should
be assessed, and treatment should commence based on
the symptoms, and the supervising doctor should imme-
diately be notified. Depending on the severity of the reac-
tion, the cardiopulmonary resuscitation team may be
required [1].

Even though life-threatening reactions are exceed-
ingly rare, it is recommended that centres using UCA
have a policy in place to enable early detection and rapid
response to reactions. All personnel directly involved
with administering UCA should be able to identify an
allergic reaction and be familiar with the appropriate
treatment. Allergy kits should be available and easily
accessible in all areas where UCA is administered. These
kits contain: auto-injectable epinephrine, hydrocortisone
and chlorphenamine. These kits should be maintained
and checked regularly for expiry dates. Cardiopulmonary
resuscitation personnel and equipment should be readily
available before UCA administration [16]. Most adverse
reactions are observed soon after administration of UCA
[49]. The BSE recommends that patients remain in echo
departments for approximately 10 min after administra-
tion of UCA to ensure that timely assistance can be pro-
vided in the unlikely event of an adverse event. Patients
should also be warned about the remote possibility of a
delayed reaction [49].

Training and accreditation requirements
Key points

1) Staff involved in contrast echocardiography should
receive training in all aspects of the procedure.

2) Adequate knowledge should be demonstrated, and
competency assessed.

3) At least one member of the contrast team should be
ILS trained.

4) Every effort should be made to facilitate the admin-
istration of contrast where indicated. This is eas-
ily achieved through a systematic team approach
between echocardiographers, doctors, and nurses.
The role of each will vary depending on individual
departments standard operating procedures.
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All personnel involved in contrast echocardiography
require relevant training. Training should include micro-
bubble physics, instrumentation, and the application of
cardiac ultrasound scanning techniques for the acquisi-
tion of high-quality images. Knowledge of the clinical
indications for the use of UCA is essential and once the
need for administration has been identified members of
the team should be able to explain the procedure to the
patient, including rationale, contraindications and risks
and obtain consent (verbal or written). Once UCA has
been administered, members should be able to identify
side effects and how to manage and report these events,
an additional role of monitoring patients who develop
side effects may be required. Echocardiographers able to
use a PSD to administer UCA must undergo training and
obtain certification in intravenous cannulation and drug
administration as well as immediate life support (ILS).

UCA- specific product knowledge and injection tech-
niques are essential, this is routinely provided by manu-
facturers/distributors of commercially available UCA.
The BSE is committed to providing future training
through distance learning modules via the BSE E-Learn-
ing platform.

Not only should all personnel involved in contrast
echocardiography be adequately trained, but they should
also demonstrate competency. As a minimum standard,
echocardiographers should hold BSE accreditation in
adult TTE (or equivalent) and have adequate experience
in TTE. Beyond the basic requirement of TTE accredi-
tation, the use of UCA in resting or stress echocardiog-
raphy, or both, requires a level of experience obtained
through exposure and performance, initially with guid-
ance and supervision. Echocardiographers are encour-
aged to pursue courses, tutorials, and preceptorships to
learn the appropriate techniques for administering UCA
and interpreting contrast-enhanced echocardiograms
[16].

At the time of writing, the BSE accreditation process
does not assess the adequate and/or appropriate use of
UCA during routine echocardiography. It is therefore
recommended that individual departments should estab-
lish local competency measures. This should be guided
by hospital policy and include requirements relating
to training, supervision, credentials/qualifications, and
experience required. Appendix E provides an example of
a local competency assessment tool that can be adapted.
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Successful implementation of UCA guidelines—a
team approach

The clinical value of using UCA during echocardiography
is incontrovertible. Every effort should be made to facili-
tate the administration on UCA where indicated. This
is easily achieved through a systematic team approach
between echocardiographers, nurses and doctors. The
most efficient way to integrate UCA use into echocardi-
ography practice is when echocardiographers can inde-
pendently identify patients who require UCA as part of a
study, insert IV cannula and administer.

However, similar level of efficiency can be achieved
in three different ways, (1) an appropriately trained
healthcare professional (echocardiographer, cardiac
physiologist, cardiac scientist, healthcare assistant,
nurse) inserts an IV cannula and administers UCA with
the use of a PSD, (2) a nurse inserts an IV cannula and
administers UCA under a PGD (unless an independ-
ent prescriber), (3) a doctor inserts an IV cannula and
administers UCA. Echocardiographers should never
administer UCA in isolation, another member of staff
should always be present, both for assistance during
administration and in case of a serious adverse event.
Ideally, an experienced practitioner should be available
to guide echocardiographers in obtaining appropri-
ate contrast images, if required, and to answer clinical
questions.

To ensure safe and efficient practice, a written operat-
ing procedure/protocol should set out the indications,
injection, and imaging protocols (including the use of
a PSD/PGD if required), and personnel responsibilities.

Conclusion

Contrast echocardiography is effective in improving
assessment of cardiac structure and function both at
rest and during stress echocardiography, its safety is
well documented. Thus, the use of UCA during routine
echocardiography should be encouraged through estab-
lishment of protocols, training and through setting up
the infrastructure for seamless and safe administration.
The use of UCA to facilitate echocardiography where
indicated should become routine practice in every
echocardiography department.
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Philips Name of Probe
imaging

software

Transmit/ receive

frequency

Cancelation
sequence

Effect () Mode

Mi

Default settings

EPIQ CVx LVO S5-1
Affinity (CGen/CRes) X5-1
iE33

EPIQ CVx VO S5-1
Affinity (Cpen) X5-1
iE33

EPIQ CVx Low MI S5-1
iE33 (CPen) X5-1

1.6/32 MHz
1.3/2.6 MHz

2.0/2.0 MHz
1.6/1.6 MHz

2.0/2.0 MHz
1.6/1.6 MHz

Power modulation

Power modulation

Power modulation
(Additional optimisa-
tion through Xres
settings, maps etc.)

(+) High temporal & spatial Harmonic
resolution

(—) Higher MI mode results

in contrast destruction and apical

swirling

(—) Basal artefacts due to less far

field harmonics

(+) Lower transmit frequency

allows better penetration

(+) Fewer basal artefacts Fundamen-
(—) Lower spatial resolution tal

(+) Lower transmit frequency

allows better penetration

(4) Uniform LV opacification & Fundamen-
fewer artefacts such as apical tal
swirling

(4) Improves signal to noise ratio

(+) Simultaneous assess-

ment of myocardial perfusion
because of improved cancella-

tion technique

(+) Minimal contrast destruction

(4) Generally sharper image

than LVO

(—) Low temporal and spatial
resolution

(+) Lower transmit frequency

allows better penetration

>0.2
(Interme-
diate)

<02
(Low)

<02
(Low)

General Name of Probe
Electric imaging

(GE) software

Transmit/ receive

frequency

Cancelation
sequence

Effect (+) Mode

Mi

Default settings

Vivid E95 LV Contrast 4Vc-D

M5Sc-D

Vivid E95 LVO Stress 4Vc-D

M55c¢-D

Vivid E95 Contrast Low Ml 4Vc-D

M5Sc-D

1.7/33 MHz
1.4/2.8 MHz

1.7/3.3 MHz
1.4/2.8 MHz

1.7/33 MHz
1.4/2.8 MHz

Pulse inversion

Pulse inversion

Pulse inversion

(4) High resolution Harmonic
(4) Excellent tissue signal sup-

pression

(—) Higher Ml result in contrast

destruction and apical swirling

(—) Basal attenuation due to filter-

ing at higher frequencies

(+) Lower transmit frequency

allows better penetration

(4) High resolution Harmonic
(+) Excellent tissue signal sup-

pression

(=) Higher Ml result in contrast

destruction and apical swirling

(-) Basal attenuation due to filter-

ing at higher frequencies

(+) Lower transmit frequency

allows better penetration

At present not optimised. Work ~ Harmonic

in progress

>0.2
(Interme-
diate)

>0.2
(Interme-
diate)

<02
(Low)

Symbols in text+advantage, — disadvantage
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Appendix B: Optimal low Ml settings based
on the EPIQ CVx 7.0.3 with a 2D probe

Variable Setting

Gain 61%

Depth 15¢cm
Frequency 25Hz
Compression 50

Persistence Low

CPEN CPEN

Chroma Map Pink

Gray Map 2

XRES ON

Output Power 20.5db/MI0.10
Flash Power 5.5db/ MI 0.63F
Flash frames 5

Loop Length 10 beats

2D PRF High

Res/Spd 12 oclock

Appendix C: How to perform contrast
echocardiography for perfusion assessment

Low MI contrast specific imaging mode should be selected,
the time gain compensation (TGC) should be set so that
myocardial and LV opacification appear uniform from apex
to base. Typically, this requires moving the near field TGC
depending on the type of equipment to either upwards or
to the right. The focus should be set at the mitral valve level.
The overall 2D gains should be maintained at around 65%.
Background gains are set so that minimal tissue signal is
seen. This is best achieved in the Philips system by pressing
the “iscan” button and in the GE system the “auto” button.
Following these adjustments, UCA is administered intrave-
nously at a constant infusion rate with the use of an infusion
pump connected to a dedicated intravenous line (Vuejet
pump). The infusion rate will vary according to the product
used. For Sonovue the initial dose is 1 mL/min. For Lumin-
ity or Optison it is 0.3—0.5 mL/min. Imaging is performed in
the three apical views. Following 1 min of the infusion when
steady state in the circulation is usually obtained, imaging
should begin. The infusion rate should be adjusted to obtain
the best possible myocardial opacification with minimal
attenuation. Care should also be taken to avoid oversaturat-
ing the field of view with contrast (signal intensity should
be lower in the myocardium compared with the LV cav-
ity). Once optimized, the machine settings should be kept
constant throughout the study. The focus maybe moved
towards the apex when an apical perfusion defect is seen to
eliminate near field bubble destruction artefact. Nonstand-
ard apical views (e.g., bringing the lateral wall into the sector
field) maybe used to overcome basal attenuation artefacts.
In large left ventricles, each myocardial wall (i.e., inferior,
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and anterior walls) maybe imaged separately when arte-
facts are observed in the peripheral fields. Commence flash-
replenishment imaging by pressing the “Flash” button which
transiently deliver ultrasound waves at high MI (>0.6<0.9)
to clear myocardial microbubbles. Begin with 5 flash
frames, if it fails to clear completely as observed by residual
myocardial signal then increase the number to 10 then to
20 frames—if still not successful then increase the flash MI
to 0.9. Also care needs to be taken not to clear microbub-
bles from the LV cavity as it will delay appearance of micro-
bubble in the myocardium due to delay of transit from the
pre-capillary level to the capillary level, which can affect
perfusion evaluation. Following flash, acquire 10-15 cardiac
cycles (10 s) both in real-time and in triggered end-systolic
mode in each view reverting to low MI imaging. The same
sequence should be followed at peak stress with no change
in settings. However, during hyperaemia, with increase in
capillary recruitment due to increased myocardial oxygen
consumption, the microbubble concentration may exceed
the dynamic range of the machine. This will result in failure
to discern perfusion defect. Thus, when myocardial opaci-
fication intensity is similar or exceed that of LV opacifica-
tion reduce the infusion rate till myocardial opacification
intensity is less than LV opacification. Slow bolus doses may
also be used (Sonovue or Optison 0.4 to 0.5 mL, followed
by 5 mL of normal saline over 20 s) or Luminity 0.2 mL
diluted 1 mL normal saline over 20 s. However, with bolus
quantification may not be as robust. For treadmill or bicy-
cle exercise, administer bolus UCA approximately 10 secs
(Sonovue) or 20secs (Luminity) before termination of stress
and begin the acquisition of images. At the same time com-
mence UCA infusion. Acquire perfusion images soon after
wall motion loops are acquired.

Interpretation of perfusion

Myocardial perfusion should be assessed at end-systole.
The capillaries are most prominent at end-systole-arterioles
empty blood into the arteries and venules into capillaries
in systole. At rest normal myocardial opacification is con-
sidered if the myocardial bed opacifies homogenously by 5
secs after flash-grade 2, grade 1 if heterogenous opacifica-
tion occurs after 5 s; and 0 if there is no opacification after
10 s [3, 38]. This gives an assessment of myocardial viabil-
ity in dysfunctional myocardium—Grade 2 suggests good
myocardial viability and grade 0, no myocardial viability.
Grade 1 intermediate probability of myocardial viability.
These scores are assigned to each of the evaluable myocar-
dial segments in the standard 17 segment model. Perfusion
abnormality during stress is defined as replenishment of the
myocardial segments beyond 2 s after flash at peak stress
accompanied by subendocardial defect or transmural defect
replenishing from subepicardium to subendocardium.
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Appendix D: Example of patient specific direction
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Patient Specific Direction and record of administration for Luminity , Sonovue and Optison

ADVERSE DRUG
REACTIONS
(mandatory field)

DRUG ALLERGIES:
[] NKDA

] YES

Nature of reaction:

Medicine/Substance:

SONOGRAPHER name

SONOGRAPHER sign

PATIENT DETAILS/LABEL

Date of procedure:

Luminity/Sonovue/Optison

NAME: /
Batch no:
DOB:
H/N: Expiry date:
PRESCRIBER
name/sign/date / /
Luminity Contraindication Luminity/Sonovue/Optison Sodium Chloride*

150 microlitres/ml gas and solvent for
dispersion for injection.

To be activated using the vialmix.
Multiple injections of 01.-0.4ml followed
by 3-5ml sodium chloride flush, repeated
to max dose of 1.6ml if needed

Known/suspected
hypersensitivity to
perflutren or any of
the excipients

Route of administration: Intravenous

ml
Sonovue Contraindication
8 microliters/mL sulphur hexafluoride Known/suspected X
microbubbles for injection. hypersensitivity to mi
Use the dilutent supplied to disperse the to sulphur
powder then administer 0.3ml of hexafluoride lipid X
dispersion follwed by a 5ml sodium microsphere or its
chloride flush components ml
X
Optison Contraindication ml
0.19milligram/ml perflutren gas Known/suspected
dispersion for injection. Initial dose of hypersensitivity to X
0.3ml of the dispersion followed by a perflutren or ml
S5ml sodium chloride flush, repeat as albumin
needed to a max dose of 8.7ml X
ml
. . X
Sodium Chloride *
0.9% for injection. Total doses:
5ml as a flush after cannulation and
between doses of contrast
Note:
o X = Sonographer initials required

e See Medcon report for record of clinical variables, any adverse events and timing of administration
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Appendix E: Example of competence assessment

Competence assessment for contrast echocardiography

Scoring: 0-Inadequate, 1-Borderline, 2-Good

Is the clinical indication clear?
e.g. severe apical hypokinesia on TTE, rule out apical thrombus

Selection and optimasation of contrast setting
(e.g. vendor specific pre sets LVO versus LOW Ml

Image optimisation

Gains

Depth setting

On axis images

Foreshortening

Clear epicardial and endocardial borders

Sufficient and homogenous opacification

Absence of artefacts

General comments:

Overall diagnostic quality of standard views

Apical 4 chamber

Apical 2 chamber

Apical 3 chamber

PLAX

SAX

General comments:

LVEF quantification

Accuracy of endocardial border tracing for Simpson’s biplane

General comments:

Report

Does the conclusion address the indication adequately?

Record of administration (contrast agent, dose, complications)

Total mark: Pass Fail Comments:

Sign: Date: / /
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Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/544156-023-00034-9.

Additional file 1. Video 1 - Normal flash replenishment of contrast in the
myocardium for perfusion assessment.

Additional file 2. Video 2 - Abnormal flash replenishment of contrast in
the myocardium for perfusion assessment.

Additional file 3. Video 3 - Normal myocardial perfusion in the presence
of abnormal wall thickening, as seen in LBBB.

Additional file 4. Video 4 - Swirling artefact.

Additional file 5. Video 5 - Attenuation artefact.
Additional file 6. Video 6 - Blooming artefact.
Additional file 7. Video 7 - Combination of artefact.
Additional file 8. Video 8 - Rib/papillary muscle artefact.
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