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1. Introduction

In the last two decades, new perspectives have opened for a
better evaluation of cardiovascular pathophysiology, especially
coronary macro- and microvascular pathophysiology, due to the
development of ultrasound-enhancing agents (UEAs) based on
encapsulated microbubbles prepared for intravascular injections.

These microbubbles behave similarly to red blood cells, remain
exclusively intravascular, and freely circulate through the macro-
and microcirculation, causing opacification of cardiac chambers
and the capillary microcirculation. The primary mechanism
whereby these microbubbles produce blood-pool enhancement
is the introduction of multiple gas-liquid interfaces into the
circulation, increasing ultrasound reflection by creating small areas
with significant differences in impedance. Modern microbubbles
used for diagnostic purposes are approximately 2um in diameter
(smaller than half the width of a human capillary) and resonate
at frequencies used in diagnostic ultrasound for humans, around
2 MHz.™

Microbubbles were first described by Gramiak and Shah in
1969, when they accidentally injected agitated indocyanine green
solution (Cardiogreen®) into the ascending aorta of a patient
during cardiac catheterization and detected intense clouds of
echoes. Subsequent studies showed these echoes resulted from
air bubbles in the injected solution, generated by agitation, leading
to cavitation.®

This description resulted in the first known enhancing agents
restricted to the pulmonary circulation, formed by microbubbles of
a solution containing a mixture of agitated 0.9% saline solution, a
small amount of the patient’s own blood (optional), and ambient air
(mainly nitrogen and oxygen). These microbubbles do not cross the
pulmonary capillary barrier and, when injected via the peripheral
intravenous route, opacify only the right side of the heart, unless
intracardiac or intrapulmonary shunting is present.

The development of sonication — a process that exposes the
enhancing solution to high ultrasonic energy, around 20 000 Hz
— by Steve Feinstein in 1984 made it possible to generate air-filled
microbubbles smaller than a capillary, capable of opacifying the left
heart by crossing the pulmonary capillary bed; these microbubbles
are defined in the present document as “whole-circulation UEAs".
Feinstein’s studies led to development of the first-generation UEA
known as Albunex® (Mallinckrodt Medical Inc., St. Louis, USA),
produced by sonication of a solution containing serum albumin,
glucose and ambient air,® capable of transpulmonary passage and
visualization of the systemic vasculature after intravenous injection.
Other first-generation UEAs were also marketed in several countries
and, with few exceptions, are no longer available.

Subsequently, second-generation UEAs containing gases
with higher molecular weight and lower diffusivity, such as
perfluorocarbons, were developed, resulting in more stable
microbubbles capable of longer persistence in the pulmonary
and systemic circulation and permitting clinically useful ultrasound
image enhancement.” Examples of these second-generation

Arq. Bras. Cardiol. 2026;123(10):e20260860
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UEAs currently marketed in several countries include Optison®,
Definity® (or Luminity®)*, SonoVue® (or Lumason®)* and
Sonozoid®. Note: The same second-generation UEAs may
have different trade names depending on the country where
they are marketed.

Currently, the main clinical indications for microbubble
echocardiography are:'

* Microbubbles obtained from agitated saline solution (~100
um in diameter), here defined as “microbubbles for exclusive
pulmonary circulation enhancement”: indicated to improve
visualization of the pulmonary circulation, in the investigation
of intracardiac shunting (primarily patent foramen ovale and
interatrial communications of other etiologies), and optimization
of Doppler signal in the right heart cavities. They are prepared
by vigorously transferring the contents of a 10-mL syringe to
another in a closed system, using a mixture containing 9.0
mL of 0.9% saline solution, 0.7 mL of the patient’s own blood
(optional), and 0.3 mL of ambient air. This results in an “agitated
saline solution” containing a heterogeneous mixture of short-
lived microbubbles of approximately 100 um average diameter,
which do not cross the pulmonary capillary bed, which has a
mean diameter of 10 um.

e Microbubbles ~2 um in diameter, here defined as
“microbubbles for whole-circulation enhancement”:
indicated for opacification of the whole circulation, in
cardiology for left ventricular opacification and improved
endocardial border delineation, permitting quantitative
evaluation of ejection fraction, detection of intracavitary
thrombi and optimization of Doppler signal, including for
measurement of pulmonary artery pressures; additionally,
microbubbles detected within the myocardium allow non-
invasive assessment of myocardial ischemia and detection of
perfusion defects in acute and chronic coronary syndromes.
These UEAs are commercially available.

2. Ultrasound-Enhancing Agents Available on
the Global Market

2.1. The Use of Ultrasound-Enhancing Agents for Exclusive
Pulmonary Circulation Enhancement (100-pum Microbubbles
Based on Agitated 0.9% Saline Solution)

2.1.1. Assessment of Intracavitary Shunts

The assessment of intracardiac shunts has significant clinical
relevance, since ischemic stroke is one of the leading causes of
morbidity and mortality in the Brazilian population and worldwide,
affecting about one-third of the economically active population and
accounting for approximately 10% of all deaths in Brazil.® Despite
extensive investigation, in around 30% to 40% of cases its etiology is
not clarified, and itis then called cryptogenic stroke.® This situation
is usually even higher in the young population, making itimperative
to investigate paradoxical embolism, the main predisposing factor
for which is patent foramen ovale (PFO), present in approximately
25% of the population.”

Despite the superiority of transesophageal echocardiography

(TEE) in detecting shunts and in anatomical evaluation of the
interatrial septum, transthoracic echocardiography (TTE) plays

a relevant role in screening these patients and in quantifying
transseptal atrial flow. Xu et al. reported that TTE with agitated
0.9% saline solution has a sensitivity of 89.4% and a specificity
of 75% for detecting PFO, while TEE with agitated 0.9% saline
solution achieves a sensitivity of 98.4% and a specificity
of 100%."°

Although color flow mapping can be used to detect atrial
septal defects, this technique is not always sufficient, especially
in cases of widely mobile aneurysms, where septal movement
itself can cause artifacts that lead to false positives. UEAs
exclusively for the pulmonary circulation provide enhancement
without traversing the pulmonary capillaries, and are thus
useful for evaluating and quantifying paradoxical right-to-left
shunts, detecting residual shunts after occlusion of the atrial
septal defect, and even detecting arteriovenous shunts of
the pulmonary parenchyma, which, unlike the former, are
characterized by microbubbles becoming visible in the left
cardiac chambers only 4 or more heartbeats after they reach
the right atrium.

The mixture should be injected into an upper limb vein,
preferably on the right side when the patient is lying in the
left lateral position for image acquisition. In addition, optimal
visualization of the interatrial septum through a shortened apical
or subxiphoid window and the use of second harmonic imaging
to optimize bubble detection are important considerations for
better evaluation." The test is considered positive for intracardiac
shunt when microbubbles are present within the left atrium before
the 4th heartbeat following their appearance in the right atrium.
Ideally, the microbubbles will be visualized crossing the interatrial
septum through the PFO,"? a finding that is most easily made on
TEE. If no microbubbles are detected in the left cardiac chambers,
provocative maneuvers are recommended to increase right atrial
pressure, since the communication may close functionally under
normal left atrial pressure.'* The Valsalva maneuver is the most
common and effective provocative technique, but coughing
or an abdominal thrust can also be used.''> Additionally, the
agitated saline solution can be injected into a peripheral IV line
in the lower limbs, allowing the UEA to progress through the
inferior vena cava and reach the right atrium with flow directed
to the interatrial septum. This strategy is particularly useful in
the presence of a prominent Eustachian valve. The appearance
of microbubbles in the left atrium after a delay of four or more
cardiac cycles suggests the presence of an intrapulmonary shunt,
such as pulmonary arteriovenous malformations, which can often
be confirmed by TEE through visualization of the microbubbles
entering the left atrium via the pulmonary veins. The number
of heartbeats used as a cutoff point for detection of cardiac or
intrapulmonary shunts should not be considered dogma. The
associated clinical and echocardiographic features should be
evaluated on a case-by-case basis, since agitated-saline UEAs
may appear earlier with pulmonary arteriovenous shunts in
high-output states and later in cases of low cardiac output, or,
through a PFO, detected by coughing or Valsalva maneuvers
performed a few heartbeats after their arrival in the right heart.™
In a subjective classification, taking into account the presence of
these microbubbles in the left atrium or ventricle in a single image
frame, a shunt is considered slight (grade 1) when there are 1 to
9 bubbles; moderate (grade 2) when there are 10 to 30 bubbles;
and severe (grade 3) when there are more than 30 bubbles
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(Figure 1). The use of the respirometer, already attached to the
electrocardiograph cable in most echocardigraphic machines,
could assist in the temporal localization of these events.

2.1.2. Improvement of Doppler signal

According to the American Society of Echocardiography
recommendations, intravenous injection of UEAs is also indicated
to improve right-sided spectral Doppler recordings in patients
with suboptimal studies, defined as when it is not possible to
obtain adequate recordings. It is important to state that Doppler
flow velocities do not change with the use of UEAs — it is only the
Doppler signal that is enhanced.

Continuous wave Doppler is an essential part of the
echocardiographic evaluation, allowing for the estimation of
intracavitary pressures and transvalvular gradients. Agitated saline
microbubbles enhance the signal from the blood, making them
useful forimproving the Doppler signal, particularly when tricuspid
and pulmonary regurgitation signals are suboptimal or absent,
thus enabling the estimation of systolic, mean, and end-diastolic
pulmonary artery pressures.'®

In a prospective study with 90 patients who underwent invasive
pulmonary artery pressure measurement and simultaneous
evaluation by echocardiography, the correlation between the
invasive pulmonary artery pressure measurement and that obtained
by echocardiography increased from 0.56 for Doppler signals
obtained without UEAs to 0.75 with the injection of agitated 0.9%
saline solution (p < 0.001). With a second-generation UEA, the
correlation was 0.82 (p < 0.001) if injected into a peripheral vein.
On Bland-Altman analysis, the agitated saline solution showed less
variability (0.12 mm Hg) and narrower limits of agreement with
the invasive measurement as compared to non-enhanced signals."”

One potential advantage of whole-circulation UEAs compared
to exclusive enhancement of the pulmonary circulation with
0.9% agitated saline solution is the longer duration and stability
of the Doppler signal.’®

Furthermore, whole-circulation UEAs allow for the evaluation
of valvular lesions on the left side of the heart. This technique
has been of great value in the evaluation of patients with
aortic stenosis, where obtaining transvalvular gradients can be
challenging (Figure 2).

2.2. Whole-Circulation Ultrasound-Enhancing Agents Available
on the Global Market

An ideal UEA should safely and effectively opacify, for a
sufficient time, the cardiac chambers and their microcirculation.
Modern diagnostic microbubbles consist of a capsule (lipid,
protein, or polymer) containing a high-molecular-weight gas for
stability (Figure 3).!

Typically, a few milliliters of a whole-circulation UEA contain
around 2 billion microbubbles.

Second-generation (whole-circulation) UEAs currently
commercially available on the worldwide market (Optison®,
Definity®, SonoVue®), as well as the only extemporaneously
compounded formulation, perfluorocarbon-exposed sonicated
dextrose albumin (PESDA)," all consists of a high-molecular-
weight gas encapsulated in albumin, chemical polymers,
or phospholipids. In recent years, there has been active
development of microbubbles by several pharmaceutical
companies, with agents already commercially available and
approved for clinical use in the United States, Asia, and Europe.
In Brazil, only SonoVue® was available up to the time of this
publication, marketed by Bracco Imaging do Brasil (Table 1).

Optison® (GE Healthcare, Princeton, New Jersey) was the first
perfluorocarbon (perflutren)-containing second-generation UEA
approved for human use, indicated for improving left ventricular
opacification after intravenous injection.

PESDA is an enhancing agent based on the perfluorocarbon
gas decafluorobutane.” Rather than commercially available,
it is institutionally custom-made by mixing dextrose, human
serum albumin, and decafluorobutane in a 1:1:1 ratio, followed
by manual agitation of the mixture in the syringe itself and
subsequent direct sonication by removing the syringe plunger
using a titanium rod that produces vibrations of 20,000 Hz for
90 seconds. Refrigeration below 4°C may be the best way to
store PESDA for 48 hours."?* PESDA microbubbles pass rapidly
through the microcirculation and do not alter the left ventricular
function, coronary or systemic hemodynamics, or pulmonary
gas exchange.

Both PESDA and Optison® can produce consistent
myocardial contrast in animal and human studies when used
with new imaging modalities.

Figure 1 — Apical 4-chamber view using second harmonic imaging with a high mechanical index (1.2) demonstrating (A) saline
microbubbles reaching the right chambers 1 second after intravenous injection, (B) beginning of microbubble passage through
the atrial septum in the second beat and (C) Valsalva maneuver revealing large passage of microbubbles (paradoxical shunt) to

the left chambers.

Arq. Bras. Cardiol. 2026;123(10):e20260860



Mathias Junior et al.

Guideline on the Clinical Use of Ultrasound-Enhancing Agents in Cardiology Applications - 2026

Guidelines

Figure 2 - Image obtained in the apical plane demonstrating (A) a suboptimal continuous wave Doppler signal without UEAs in a
68-year-old male patient with a systolic murmur at the aortic focus. In (B), after administration of a whole-circulation UEA, there is
a complete continuous-wave Doppler envelope demonstrating a peak systolic gradient of 76 mm Hg and a mean gradient of 41 mm

Hg, consistent with significant aortic stenosis.

Figure 3 - Example of a typical microbubble, consisting of a capsule with gas inside.

Definity® (Lantheus Medical Imaging, North Billerica,
Massachusetts) is also approved by the U.S Food and Drug
Administration (FDA) for endocardial border detection. Definity®
microbubbles consist of a capsule containing a long-chain lipid
and a combination of saturated diacyl-phosphatidylcholine and
polyethylene glycol surrounding a perflutren gas core. To create
stable microbubbles, this mixture must be activated for 90
seconds with a proprietary device known as Vialmix®.

SonoVue® (Bracco Imaging, Milan, Italy) has been approved
as a UEA in Europe, China, Brazil, Canada, and the USA
(where it is branded as Lumason®). These microbubbles have
a phospholipid capsule surrounding sulfur hexafluoride gas. Of

the three main commercially available ultrasound-enhancing
agents, only SonoVue® is available in Brazil up to the moment
of publication.

3. Implementation of Ultrasound-Enhancing
Agents in Echocardiography Services

3.1. Equipment and Image Processing

Historically, the enhancing effects of UEAs when present in
human circulation were observed with ultrasound equipment
having extremely low resolution as compared to current devices.

Arq. Bras. Cardiol. 2026;123(10):e20260860
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Table 1 - Characteristics of Ultrasound-Enhancing Agents Currently Used Worldwide

Ambient air (nitrogen

. None (air 0 A ) ) Not encapsulated
microbubbles)  L'S/), oxygen [21°6], 100 02:14,N:16 5 994 saline solution)
other gases [1%))
GE Healthcare Optison® Perflutren 3.9 188 Denatured albumin
Lantheus Medical Definity® or Perflutren 1-3 188 Phospholipid / Lipids
Imaging Luminity®
Bracco Imaging SonoVue® Sulfur hexafluoride 2-8 146 Surfactant

1. EMEA Scientific Discussion. SonoVue, European Public Assessment-Report. 2004; http://www.emea.europa.eu/humandocs/Humans/
EP-AR/SonoVue/SonoVue.htm. 2. GE Healthcare. Optison Prescribing Information. 2008; http.//www.amershamhealth-us.com/optison/ 3.
Luminity Summary of Product Characteristics. 2008). Perflutren (International Nonproprietary Name) is also known as perfluoropropane

or octafluoropropane.

Several imaging modalities have been used for evaluation of the
coronary microcirculation. For clinical practice purposes, several of
these imaging methods are now of purely historical interest, such
as intermittent harmonic imaging with a high mechanical index
(M), and will not be described herein.

An essential parameter in characterization of images acquired
with the aid of UEAs is an index that measures the intensity of
the acoustic energy released by the transducer, known as the M,
calculated by dividing the peak negative pressure by the square
root of the center frequency of the transducer.

Early imaging methods utilized the stable cavitation effect using
low mechanical indices (low acoustic energy), below 0.2, or inertial
cavitation using high mechanical indices (high acoustic energy),
above 0.8, as detailed below.

3.2. Real-Time Myocardial Perfusion Echocardiography
Technology Imaging with low Mechanical Index

This is the imaging modality of choice for modern myocardial
perfusion studies, due to its ease way of acquisition and
standardization. Significant advances have been made with this
technique, which can simultaneously assess myocardial perfusion
and wall motion in real time with a low MI.

In this modality, real-time imaging of the heart is performed
usingan Ml < 0.2, and intermittently, 10 to 15 simultaneous frames
of high-energy acoustics with Ml > 1.0 are applied in less than
300 ms (0.3 seconds), destroying all microbubbles in the acoustic
beam and thus allowing subsequent observation of refill time
and maximum plateau, two parameters which, when multiplied,
provide a measure of microvascular flow (Figure 4).2%2

3.3. Myocardial Perfusion Analysis

Myocardial perfusion can be assessed qualitatively or
quantitatively. Qualitative assessment of myocardial perfusion is
based on the semi-quantitative visual determination of a graded
scoring system as follows: 1 = normal (homogeneous and clear
opacification), 2 = reduced (partial or heterogeneous opacification
with normal wall thickness, "irregular pattern"), 3 = absent (no
myocardial opacification). An enhancement score index can be

Arq. Bras. Cardiol. 2026;123(10):e20260860

calculated by dividing the sum of the enhancement scores given
to each segment divided by the number of segments visualized
(Figure 5).

Quantitative analysis is done in post-processing, using specialized
software that enables quantification of various microvascular flow
parameters. This is possible because microbubbles and red blood
cells share similar kinetics; thus, by calculating the velocity and
volume of microbubbles within the microcirculation, one can infer
the velocity and volume of microvascular blood.

The method is based on a continuous, constant infusion of
microbubbles until a stable peak microbubble plateau is reached in
the myocardium. This plateau is proportional to the microvascular
blood volume. Then, after destruction of microbubbles in the
ultrasound field (bottom of Figure 4), one can multiply the peak
plateau intensity, a parameter represented by the letter A, by the
microvascular refilling rate (which is proportional to the blood
flow velocity), represented by the Creek letter B, resulting in
microvascular flow (A X B).

3.4. Artifacts in the Assessment of Myocardial Perfusion

For adequate assessment of myocardial perfusion, one must
be able to distinguish possible artifacts from actual real perfusion
defects. The most common artifact is attenuation of the ultrasound
beam, which typically occurs in the basal segments in apical
windows and can be distinguished from true defects by its location
and spatiotemporal distribution. Attenuation typically affects
not only the myocardium but also the adjacent epicardial and
endocardial layers, and is usually present at rest and under stress,
while induced perfusion defects are present only during stress and
generally involve only the subendocardial layer throughout the
cardiac cycle (Figure 6).

Another potential artifact is lung shadowing, which often masks
the entire region, such as the anterior wall in the apical 2-chamber
view. This artifact can be overcome by purposefully shortening this
plane, which leads to shortening or exclusion of the apex but better
delineation and enhancement of the middle and basal anterior wall
segments. A third location where artifacts commonly occur is in
the left ventricular apical region; if the proximal field gain is set too
low, the apex may demonstrate a false (artifactual) perfusion defect.
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Figure 4 - Visualization of myocardial refilling after microbubble destruction following high-intensity impulses (high mechanical
index, > 1.0), known as flash. The software automatically calculated the peak acoustic intensity and the refilling velocity of each
region of interest and generated time-intensity curves; when multiplied, these parameters correspond to microvascular flow. Sec:

seconds; Vel: velocity; Vol: volume.

Blooming artifacts also can occur immediately after the
administration of a high UEA dose, causing strong signal intensity,
exacerbating myocardial brightness, blurring the myocardial
borders and obscuring possible perfusion defects. Blooming can
be eliminated by reducing the gain, reducing the concentration
of UEAs by reducing the speed of infusion, or simply waiting for
a few cardiac cycles until the concentration of the agent in the
blood is naturally reduced (Figure 7).

Finally, attenuation artifact, which can be confused with
perfusion defects, is evident mainly in the basal segments in
apical projection (Figure 8).

3.5. Equipment Configuration and Settings

Most echocardiography equipment vendors have presets
for imaging with very low MI, which ensures that optimal
pulse sequence schemes are being used to adequately detect
UEAs. The ideal Ml is the lowest MI that provides strong
enhancement with sufficient penetration (no attenuation) and
minimizes background noise. The ideal Ml varies according to
the patient’s acoustic window and the central frequency chosen
for the transducer.

Multi-pulse nonlinear fundamental imaging is preferable
to second harmonic imaging, and a very low MI < 0.2 will
reduce microbubble destruction and improve enhancement
as compared to second harmonic imaging. As a rule, higher
frequencies provide lower penetration but higher image
resolution. Conversely, patients with a larger body surface area

(BSA) may require a relatively higher Ml and/or lower frequencies.

The focus must be positioned distally in the acoustic beam to
avoid premature destruction of the UEASs; it is generally positioned
below the mitral annulus plane in an apical window. In certain
circumstances, the focus can be moved to the near field to better
visualize an apical thrombus, ventricular apex morphology, and
wall motion or perfusion.

3.6. General Principles: Dosage and Administration

Optimal dosage often represents a compromise between
attenuation (indicating that the dose is too high) and UEA
effect duration (which may be too short if the dose is too low).
UEA injection speed can also impact image quality; faster UEA
injection and saline flush rates or rapid continuous infusion may
create higher concentrations of microbubbles, resulting in basal
attenuation artifacts and blooming in the proximal ultrasound
field, while slower injection rates may result in swirl artifacts, with
incomplete opacification of the left ventricular apical segments.

Bolus administration generally reduces imaging time, but
due to higher concentrations of UEAs, attenuation artifacts
may be observed. Bolus doses of UEAs are recommended
with slow injections of saline flush of 5 to 10 mL in the adult
population, infused over a period of at least 5 seconds for each
projection studied.

Alternatively, continuous infusions provide longer, more
consistent enhancement with fewer attenuation artifacts and may
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Figure 5 — Examples of visual determination of postflash myocardial refilling by microbubbles for the calculation of myocardial
perfusion scores. (A) All evidence of microbubbles in the myocardium is cleared postflash. (B) Baseline homogeneous opacification
of the myocardium (score 1). (C) Heterogeneous reduction with a subendocardial perfusion defect in the apical septal region of
the left ventricle (arrows) during low-dose dobutamine infusion (score 2). (D) Absence of opacification, with a transmural perfusion
defect in the apical region of the left ventricle (arrows) at peak dobutamine stress (score 3).

allow individual optimization of enhancement by adjusting the
infusion rate during imaging. Although both bolus injections and
continuous infusions can be used to assess myocardial perfusion,
continuous infusion allows for better quantification of myocardial
blood flow abnormalities by using the real-time myocardial
perfusion echocardiography (RTMPE) imaging.

A 20-gauge cannula or larger is recommended because
UEAs can be degraded by a small-bore intravenous cannula.
Cannulation of an antecubital or central vein is preferable because
the site of UEA delivery should ideally be a large vein as close to
the heart as possible. Using a 3-way stopcock, with the enhancing
agent always connected in a straight line, minimizes the risk
of premature microbubble destruction. The saline solution for
flushing must be connected to the side T port.

Arq. Bras. Cardiol. 2026;123(10):e20260860

3.7. Protocol: Bolus Administration during Rest or Under
Cardiovascular Stress

¢ Adjust the initial dose by bolus administration, always
followed by 5 to 10 mL of saline flush (0.9% NaCl), starting
with the lowest recommended dose and adjusting as needed
until complete left ventricular opacification (LVO) is achieved,
while avoiding attenuation of the basal LV segments.

* For pharmacological stress studies, images should be
acquired at baseline, at low dose, at peak stress, and during
the recovery phase, as per recent guidelines.>

* For studies under physical exercise stress (e.g., treadmill
tests), the UEA bolus and flush should be administered at rest
and immediately (approximately 30 seconds) before the end
of exercise. When the examination is performed on a supine
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Figure 6 — Example of subendocardial (lower arrow) and transmural (upper arrow) perfusion defects in a patient with an anteroseptal/

apical acute myocardial infarction.

or in-bed cycle ergometer, an extra bolus can be performed
during exercise to allow for contractility and myocardial
perfusion at peak or immediate post exercise.

* Asimple and empirical strategy for images acquired duringand
after physical exertion, due to the high cardiac output state, is to
forego saline flush by injecting the UEA at peak (or immediately
afterthe end of) exercise and, when the patient is in the left lateral
decubitus position with a peripheral IV in the right upper limb,
simply elevate the patients right arm to 90° for a few seconds.
This allows drainage of most of the microbubbles trapped in the
peripheral venous system, working very similarly to a saline flush.

* Avoid applying strong pressure when infusing or injecting
UEAs, as this can destroy the microbubbles.

* ConFigure the ultrasound system to use enhancement
presets with non-linear multi-pulse imaging, at fundamental
frequency with amplitude modulation, or combining
amplitude/phase modulation (RTMPE) with a low Ml < 0.2.

e Alternatively, low-mechanical-index (0.2-0.3) second
harmonic images can be used, but they do not allow for
adequate analysis of myocardial perfusion, although they may
be ideal for delineating endocardial borders and, therefore,
left ventricular opacification (LVO).

3.8. Tips for Stress Image Acquisition

For left ventricular opacification: homogeneous enhancement
of the left ventricular cavity is observed, without turbulence or
blooming at the apex or shadowing or acoustic attenuation in the
basal segments in the apical 2-chamber plane.

Near- and distal-field time gain compensation adjustments may
be necessary, and the transmission focus may need to be adjusted
to the center of the left atrial cavity in the apical 4-chamber plane.
Once these adjustments are made, they must be kept constant
throughout the duration of the study, both at rest and under any
form of stress. Newer platforms have already incorporated these
adjustments to the proximal field.

For perfusion analysis: proceed as above, with the additional
step of using a high IM pulse (flash), generally containing 10 to 15
frames, which aims to destroy all microbubbles within the acoustic
plane, to allow observation (and documentation for later analysis)
of the microcirculation refilling time.

With current two-dimensional transducers, normal myocardial
perfusion is indicated by complete myocardial enhancement
within 5 seconds post flash at rest and within 2 seconds post
flash under stress conditions. Abnormal myocardial perfusion is
indicated by delayed or absent refilling or by a post flash distribution
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Figure 7 - Example of blooming in apical 4-chamber view. In (A) the strong signal intensity exacerbates image brightness in the apical
region, making it difficult to differentiate the cavity from the myocardium. In (B), the ultrasound-enhancing agent infusion has been
reduced, allowing acquisition of an optimal image. LV: left ventricle; RV: right ventricle.
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Figure 8 — Example of attenuation artifact. (A) Apical 4-chamber view demonstrating a perfusion pseudo-defect along
the entire length of the basal segment (green arrows) of the anterolateral wall. (B) During real-time myocardial perfusion
echocardiography imaging under dobutamine stress, a more homogeneous perfusion is observed by simply bringing the
anterolateral wall to the center of the ultrasound beam, corroborating the hypothesis of a pseudo-defect. A4C: apical
4-chamber; LV: left ventricle.

Arq. Bras. Cardiol. 2026;123(10):e20260860



Mathias Junior et al.

Guideline on the Clinical Use of Ultrasound-Enhancing Agents in Cardiology Applications — 2026

Guidelines

of UEAs which is limited to the subendocardial layer (mild ischemia)
or transmural layer (extensive ischemia).

Myocardial perfusion analysis consists of two elements: peak
blood volume and capillary refill velocity, which is equivalent to
the speed of microvascular blood flow. The absence of blood
volume at peak enhancement may indicate the presence of
myocardial infarction or severely reduced microvascular perfusion.
Furthermore, delayed restoration of blood flow after microbubble
destruction occurs due to reduced myocardial blood flow and may
indicate hemodynamically significant epicardial coronary stenosis
and/or a compromised microcirculation. Since the interpretation
of microvascular physiology is complex, myocardial perfusion
imaging should be combined with wall motion analysis to provide
information that allows for the proper interpretation of various
possible scenarios involving the state of the microcirculation and
wall motion, including normal or abnormal conditions such as
ischemia, stunning, hibernation, and myocardial necrosis. During
stress studies, myocardial perfusion imaging is the most sensitive
parameter and can detect patients at low risk for cardiovascular

Table 2 - Recommendations for preset adjustments

events, while wall motion analysis is a more specific parameter
and can rule out higher-risk patients; its prognostic value has been
validated in numerous clinical studies.?-3¢

Image planes can be adjusted to bring the myocardial
segments of interest closer to the center of the image plane, to
enhance microbubble detection accuracy (Table 2, Figure 9, and
Supplementary Video 1).

4. Clinical Applications in Resting Transthoracic
Echocardiography

4.1. Ventricular Opacification, Measurement of Left Ventricular
Volumes and Ejection Fraction

Opacification of the cardiac chambers is the main indication
for clinical use of UEAs, as it allows real-time visualization of left
ventricular motility and measurement of left ventricular volumes
and ejection fraction.

Use a non-linear fundamental image transducer preset (generally 1.6 to 2.0 MHz)

Use a very low mechanical index (< 0.2)

Position the focus at or slightly below the mitral annulus in the apical 4-chamber view

Adjust the time gain compensation sliders for higher gain in the proximal field, if necessary

Maintain the frame rate around 30 fps

Ideal opacification

Ideal administration

Attenuation

- Dark acoustic shadow
obstructing the view of
the entire or significant
part of mid and distal
acoustic field

Correction

- Wait until UEAs are cleared
- Reduce infusion rate or
volume

- transient increase Ml to
deplete microbubbles within
the LV cavity

Cause
- Rapid infusion rate or
UEA dose is too high

Swirling
- inadequate LV
opacification

Correction

- Increase dose and rate of
administration

- Reduced Mi

- Adust the focus: it should
be below the mitral annulus

Cause

- Slow administration rate
_ Ml s too high or focus
is positioned above the
level of mitral anulus
position

- reduced LV function

Figure 9 - Demonstrating the ideal opacification conditions (A), attenuation (B) and apical swirl (C). LV: left ventricular; MI: mechanical

index; UEA: ultrasound-enhancing agents.
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Left ventricular volumes should be obtained by tracing at the
interface between compacted and trabecular myocardium, as
recommended in the latest American and European societies’
guidelines for the quantification of cardiac chambers. It is
recommended as standard that left ventricular volumes be
quantified using Simpson's biplanar method, which results in
a very close correlation to cardiovascular magnetic resonance
imaging (Figure 10).2%#

Several studies comparing two-dimensional echocardiography
with and without UEAs, using CMR as the reference standard,
have demonstrated greater accuracy in determining volumes
and LVEF with the use of UEAs. Furthermore, inter- and
intra-observer variability was shown to be much lower with
UEAs. Although three-dimensional (3D) echocardiography
has improved the reproducibility and reliability of serial LVEF
measurements, such as in patients undergoing chemotherapy,
the use of UEAs is simpler and more readily available than
3D echocardiography at most facilities, and its accuracy and

ability to improve the quality of image interpretation have been
validated in various clinical settings.!®'8:21224243

The analysis of regional wall motion abnormalities (RWMA)
is subjective and is significantly limited by large interobserver
variability, even when using high-quality images.

There is no gold standard for this subjective assessment,
and it depends on image quality, highlighting the importance
of accurately detecting the endocardium and epicardium,
since the assessment of RWMA depends on wall thickening.
Studies have addressed the interobserver variability of
echocardiography with and without UEAs compared to CMR
and ventriculography and have demonstrated a high correlation
with CMR.#04143

Thus, in addition to improving left ventricular volumetric
assessment (14-24), UEAs can improve the prediction of
cardiovascular outcomes beyond clinical assessment and
LVEF measurement without the use of UEAs.**
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Figure 10 - Differences in end-diastolic and end-systolic volumes observed in the same patient without ultrasound-enhancing agents
(top) and with ultrasound-enhancing agents (UEAs) and low Ml images (bottom). Top row, left to right: (A) Quantification without UEAS
of left ventricular end-diastolic volume (94.8 mL) and (B) end-systolic volume (42.4 mL). Bottom row, left to right: (C) Quantification
with UEASs of left ventricle end diastolic volume (124 mL) and (C) end-systolic volume (72.3 mL).
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Some conditions constitute established indications for
the use of UEAs, such as investigation of a cardiac source
of embolism, differential diagnosis of intracardiac thrombi
versus masses, apical hypertrophic cardiomyopathy, LV
noncompaction, and hypereosinophilic heart disease
(Loeffler’s syndrome).

4.2. Intracardiac Thrombi

Intracardiac thrombi carry potentially serious clinical
repercussions, including systemic embolization. Similarly,
inadequate treatment with antithrombotic and anticoagulant
agents can also expose the patient to significant risk, and
such therapy should therefore be based on imaging findings
obtained after opacification of the cardiac chambers.

Furthermore, myocardial perfusion imaging allows for
the evaluation of the tissue characteristics of ventricular
masses, differentiating thrombi, which are avascular, from
tumors, and allowing for a more accurate echocardiographic
diagnosis with precision similar to that of CMR.*° (Figure
11 and Supplementary Video 2).

A study using transesophageal echocardiography in 180
patients with atrial fibrillation before electrical cardioversion®’
found atrial thrombi in 14 (15.6%) patients with the use of UEAs
and in 10 (11.1%) of those without UEAs (p < 0.001). Thrombi
could be ruled out in 60 (66.7%) patients during TEE without
UEAs and in 75 patients (83.3%) during TEE with UEAs (p < 0.01).

Electrical cardioversion was performed subsequently,
after thrombi had been ruled out and at the investigator's
discretion. Among patients who received UEAs, 74 (82.2%)
were cardioverted, and none experienced a cardiovascular
complication (p = 0.084); of those imaged without UEAs
(n =76, 84.4%), 3 suffered thromboembolic complications
after electrical cardioversion.

4.3. Intracardiac Masses

Intracardiac masses can be normal structures, such as
false tendons, accessory papillary musculature, and exuberant
trabeculation, or they can be pathological, such as thrombi,
vegetations, or tumors. Two-dimensional echocardiography
is the most widely used diagnostic imaging modality in the
initial evaluation of cardiac masses, as it offers real-time
assessment with high spatial and temporal resolution. Despite
the development of several echocardiographic criteria for such
assessment, diagnostic errors and misclassifications can still lead
to unnecessary surgeries or anticoagulation.*

Thus, in the presence of a suspicious cardiac mass that is not
adequately evaluated by two-dimensional echocardiography,
the use of UEAs allows for better characterization of the
structure, potentially confirming or refuting the diagnostic
hypothesis and avoiding diagnostic errors.

Malignant tumors are masses with abnormal
neovascularization, which supplies the rapidly growing tumor
cells, while benign tumors are generally poorly vascularized
and exhibit perfusion resembling that of the myocardium.
Thrombi, on the other hand, are avascular structures. Therefore,
echocardiographic imaging with the aid of UEAs and RTMPE
technology allows for the characterization of vascularization
and, therefore, differentiation of cardiac masses* (Figure 12).

This characterization is performed both qualitatively and
quantitatively by comparing the perfusion levels of various
types of cardiac masses with that of the adjacent myocardium.
The qualitative approach is based on the visual analysis of the
post flash refill time of the UEA, and categorized as absence
of enhancement, partial or incomplete enhancement,
and complete enhancement. Complete enhancement or
hyperenhancement of a mass compared to the surrounding
myocardium supports the hypothesis that it is a highly
vascularized tumor, which increases clinical suspicion of

Figure 11 - Apical 2-chamber view demonstrating (A) the impossibility of visualizing the inferior lateral wall and apex. In (B), in addition to
adequate delineation of the previously non-visualized segments, an apical thrombus can be seen.
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Figure 12 - Left: transthoracic echocardiogram with real-time myocardial perfusion technology, in the apical 4-chamber view, showing
a mass within the left atrium. This is a metastatic paraganglioma. This mass shows peripheral uptake of ultrasound-enhancing agents
(UEAs) (red arrow), without central uptake, due to central tumor necrosis (blue arrow), confirmed by histopathological examination
after surgical resection. Right: quantitative perfusion assessment with UEAs, demonstrating uptake in the peripheral portion of the
tumor (yellow), compared to hepatic uptake (red) and absence of perfusion in the center of the mass (blue).

a malignant mass. Stromal tumors, such as myxomas and
fibroelastomas, generally are poorly vascularized and therefore
show partial or imperceptible enhancement (Figure 13),
while thrombi are avascular and consequently do not show
enhancement.*

4.4. Myocardial Diseases

In apical hypertrophic cardiomyopathy, enhanced
studies allow identification of the characteristic "ace of
spades" shape of the left ventricular apex during systole
(Figure 14), differentiating it from other common conditions
affecting the left ventricular apex such as apical thrombi,
aneurysms, or endomyocardial fibrosis (Figures 14 and
15 and Supplementary Videos 4 and 5) and also finding
complications thereof, such as apical aneurysm and the
presence of thrombi within (Figure 16 and Supplementary
VIdeO 6).‘),1'],49,5()

Noncompaction cardiomyopathy, also known as left
ventricular noncompaction, is an uncommon yet increasingly
recognized abnormality that can lead to heart failure,
arrhythmias, cardioembolic events and death. It results from
alterations in the myocardial structure, which consists of two
layers: a thin, compacted subepicardial myocardium and a
thicker, noncompacted subendocardial myocardium. Two-
dimensional echocardiography may be insufficient to identify
the excessive trabeculation characteristic of this disease. In
this scenario, ultrasound-enhanced echocardiography allows
for adequate visualization of this excessive trabeculation.
Using a slightly higher MI, for example 0.3 to 0.4, one can
improve the evaluation of trabeculations by minimizing the
destruction of low-velocity microbubbles located within
the trabeculated myocardium, while maintaining adequate
resolution of the ventricular myocardium®' (Figure 17).
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4.5. Complications of Acute Myocardial Infarction and
Use in the Emergency Setting

Left ventricular aneurysm is an often an asymptomatic
complication of a previous infarction. True aneurysms are
localized, characterized by thin walls, usually dyskinetic
and with apical dilation and generally involve the entire
thickness of the ventricular wall. These findings are usually
easily visualized on transthoracic echocardiography (TTE).
However, if the apical region is not adequately visualized, an
aneurysm may go unnoticed until the study is supplemented
with an UEA.

Other complications, such as pseudoaneurysm, free wall
rupture, and ventricular septal defects, are life-threatening
and can usually be detected by echocardiography without
UEAs. However, acoustic windows may be inadequate due
to anatomy, patient position, and clinical conditions (e.g.,
being in the supine position and intubated) that prevent an
ideal view of the apex. Under these conditions, UEAs can be
essential in establishing the diagnosis, as well as in detecting
other associated complications, such as thrombi.

About 10 to 15% of TTEs obtained in intensive care unit
(ICU) settings are technically limited — up to 30% in patients
who are under invasive ventilatory support, bedbound, and
have dressings over areas of acoustic windows. It is precisely
in these scenarios that speed and accuracy in cardiovascular
assessment can determine clinical outcomes.*?

The safety of UEAs in critical patients is well established; two
studies were decisive in this context. The first,>> a retrospective
comparative analysis of 2,900 critically ill patients who underwent
echocardiography with UEAs compared to 11,600 without
enhancing agents, found no significant difference in short-term
mortality (OR 1.18; 95% Cl 0.82-1.71; p = 0.37). The second,
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Figure 13 - Transthoracic echocardiogram with real-time myocardial perfusion technology, in the apical 4-chamber view, showing a
mass within the left atrium. This is a left atrial myxoma.

Figure 14 - Example of apical hypertrophic cardiomyopathy (Yamaguchi disease): side-by-side images (A) without and (B)
with ultrasound-enhancing agents (UEAs) and real-time myocardial perfusion echocardiography imaging technology. Note
that in addition to the UEA-enhanced image better delineating the areas of hypertrophy (red arrows), it also demonstrates
the presence of a small calcified apical thrombus (green arrow), confirmed by the presence of strong acoustic shadowing
(vellow arrow).
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Figure 15 - Echocardiography using ultrasound-enhancing agents (UEAs) clearly shows an apical aneurysm (A) in a patient with a
history of anterior wall myocardial infarction 2 years before. The image on the left (A) raises the suspicion of apical thrombi (yellow
arrow), which are ruled out after the injection of UEAs, as seen in (B) (yellow arrow). The purported thrombus in the non-enhanced
image (A) actually corresponds to a near-field artifact caused by ring-down phenomena (resonance).

Figure 16 - Midventricular hypertrophic cardiomyopathy with apical aneurysm and no thrombus, well visualized with the aid of
ultrasound-enhancing agents both in systole (A) and in diastole (B).

a broader study with a greater impact on this scenario, involved
16,217 ICU patients who underwent echocardiography with
UEAs, matched with an equal number imaged without UEAs,
and showed lower 48-hour mortality in the UEA group (1.7% vs
2.5%; OR 0.66; 95% Cl 0.54-0.80), with a relative risk reduction
of 34%.>* As a likely explanation, the higher image quality obtained
with the use of UEAs leads to faster and more accurate diagnoses,
which in turn allows more appropriate clinical decision-making.

In a prospective, controlled study of 632 consecutive
patients, 28% of whom were admitted to the ICU, the use
of UEAs was associated with "rescue" of 83% of examinations
with limited windows. These results were also associated
with a cost reduction of $122 per patient.*® In an expanded
cohort evaluating echocardiograms with and without the
use of UEAs in 1,538,864 million patients in ICUs across

Arq. Bras. Cardiol. 2026;123(10):e20260860

773 hospitals, a 30% reduction in the need for repeat
transthoracic echocardiograms (TTEs) and a 10% decrease
in the mean ICU length of stay (4.15 days with UEAs vs 4.59
days without UEAs; p < 0.0001) were demonstrated.>

Diagnostic evaluation and risk stratification of patients
presenting with chest pain in emergency departments is
challenging. In up to 40% of cases, the initial electrocardiogram
is not diagnostic, and biomarkers can take hours to change.
Therefore, a significant proportion of patients are hospitalized,
but only 10-30% have a confirmed diagnosis of acute
myocardial infarction or acute coronary syndrome. Given
these limitations, echocardiography with UEAs allows for the
combined assessment of regional function and myocardial
perfusion, providing immediate information to support diagnosis
and risk stratification.*”8
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Figure 17 - Two-dimensional echocardiogram in apical 4-chamber view demonstrating excessive apical trabeculations: (A)
trabeculations are difficult to visualize in non-enhanced imaging and (B) trabeculations clearly evidenced by the use of UEA.

LV: left ventricle.

In a study evaluating 1,017 patients®® who presented to
the emergency department with chest pain and absence
of ST-segment elevation, echocardiography with UEAs
was performed to analyze left ventricular perfusion and
wall motion. Overall, 16.3% of these patients experienced
early cardiac events (cardiac death, MI, ACS, heart failure,
and myocardial revascularization) within the first 48
hours. The addition of myocardial perfusion assessment
by UEAs to the clinical and electrocardiographic model
significantly increased the prognostic power for early events
(p < 0.0001), and the inclusion of wall motion provided
additional value (p = 0.0002). Patients with abnormal
perfusion had a 6.1-fold higher risk (95% Cl 3.5-10.6) of
early events than those with normal perfusion. Patients
with abnormal wall motion had a 2.4-fold higher risk
(95% Cl 1.5-3.7) than those with normal wall motion,
and the odds of early events were 14.3-fold higher (95%
Cl 8.3-24.8; p < 0.0001) when both were abnormal. At
a median follow-up of 7.7 months, 28.7% of patients had
experienced cardiac events, and again, the analysis of
perfusion and wall motion added incremental prognostic
value (p < 0.0001). In another study, evaluating 957
patients with chest pain and a nondiagnostic ECG in the
emergency department, the use of echocardiography with
UEAs identified 523 patients with normal imaging (normal
perfusion and wall motion), who had a low rate of cardiac

events in the first 24 hours (0.6%), increasing the safety
for decision-making related to early hospital discharge
and avoiding unnecessary hospitalizations. In a decision
simulation model, incorporating combined perfusion and
wall motion assessment by echocardiography with UEAs
had the potential to decrease hospitalizations by 45%, with
a cost reduction of $900 per patient.*

4.6. Right Ventricular Evaluation

Although UEAs exclusive to the pulmonary circulation
(agitated saline solution microbubbles ~100 um in
diameter) can be used to visualize abnormalities in the
cardiac chambers connected to the pulmonary vasculature,
the effect of this enhancement is short-lived. When a
more lasting enhancement or better differentiation of
the endocardial borders of the right ventricle is needed,
whole-circulation UEAs (~2 um) can be used instead,
which allows analysis of morphology, function and
microvascular perfusion, including changes in wall motion,
detection of cardiac tumors and thrombi, as well as the
characterization of normal structures, such as prominent
trabeculations or the moderator band. In these scenarios,
modified parasternal and apical windows should be used
in combination for adequate analysis.®
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4.7. Recommendations for use of Ultrasound-Enhancing

Agents in Transthoracic Echocardiography

The use of transthoracic
echocardiography

with UEAs should be
considered when two

or more contiguous left
ventricular segments are
inadequately visualized

The use of transthoracic
echocardiography

with UEAs should be
considered for the
detection and differential
diagnosis of intracardiac
thrombi and masses

The use of transthoracic
echocardiography

with UEAs should be
considered when two

or more contiguous left
ventricular segments are
inadequately visualized
and clinical decision-
making depends on
accurate measurements
of left ventricular volumes
and ejection fraction,
particularly in patients
receiving potentially
cardiotoxic therapies

or being evaluated

for implantation of an
implantable cardioverter-
defibrillator or cardiac
resynchronization therapy

Given the limited number
of available studies,
three-dimensional
echocardiography with
UEAs is not currently
recommended

In patients undergoing
resting transthoracic
echocardiography alone,
there is insufficient
evidence to support the
use of UEAs when an
adequate acoustic window
is present, and there are
no other reasons for its
administration.

UEAs: ultrasound-enhancing agents.
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5. Clinical Applications in Cardiovascular Stress
Studies

5.1. Ultrasound Enhancing Agents during Stress
Echocardiography for Cavity Opacification and Assessment of
Myocardial Perfusion

Although pharmacological or physical exercise stress
echocardiography has shown high sensitivity and specificity in
detecting myocardial ischemia, multiple factors can lead to a
decrease in the definition of endocardial borders, mainly during
peak stress, which may contribute to inadequate image quality
(insufficient for diagnostic purposes) in up to 30% of patients.

In this regard, left ventricular opacification using ultrasound-
enhancing agents and RTMPE technology has proven essential
in obtaining more precise and efficient results in stress
echocardiography,® improving its diagnostic quality and
accuracy®** and its prognostic value.®

Prospective multicenter and single-center studies have
demonstrated the effectiveness of UEAs in detecting changes in
regional wall motion (®). In addition to enhancing the endocardial
border, RTMPE technology allows for subendocardial delineation
and analysis of wall thickening and myocardial perfusion, facilitating
the detection of subendocardial ischemia.®® Integration of UEA
assessment of LV opacification and myocardial perfusion in the
routine evaluation of patients with left bundle branch block during
stress echocardiography also demonstrated improved detection
of coronary artery disease, in addition to being an independent
predictor of cardiovascular mortality.®

In a study with 68 patients undergoing dobutamine stress
echocardiography using harmonic imaging combined with PESDA
for the purpose of endocardial border delineation, 23 patients
(34%) who had an inadequate acoustic window without the use
of UEAs showed better definition of cardiac borders when using
UEAs. Of the 2176 myocardial segments analyzed (1088 at rest
and 1088 at peak dobutamine infusion), complete ventricular
cavity filling was obtained in all patients. Adequate delineation of
endocardial borders increased from 81% of analyzed segments
without UEAs to 95% with their use (p < 0.05).”°

The absence of ionizing radiation, coupled with improved
endocardial border delineation and additional study of myocardial
perfusion at rest and under stress, have made RTMPE technology
the standard for performing stress echocardiography studies.
Numerous isolated or comparative studies with other methods
have demonstrated its superiority or equivalence in terms of
diagnostic accuracy and prognostic risk stratification (Figure 18).707

5.2. Qualitative and Quantitative Analysis of Myocardial
Perfusion

The analysis of myocardial perfusion during stress
echocardiography, enhanced by the use of UEAs, increases
diagnostic sensitivity for the detection of coronary artery disease
compared to isolated evaluation of myocardial contractility, since
perfusion changes precede regional wall motion abnormalities
(RWMAs) in the ischemic cascade.?#0%!

Thisapproach allows for the simultaneous, real-time evaluation

of myocardial perfusion and subtle, transient RWMAs, hence also
increasing the diagnostic accuracy of dipyridamole and adenosine
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Figure 18 - Example of endocardial border delineation during dobutamine stress echocardiography with end-systolic images. (A
and B): At rest, from left to right without (A) and with (B) ultrasound-enhancing agents (UEAs). (C and D): During peak stress,
without (C) and with (D) UEAs. Note the improvement in border delineation in the images with UEAs (arrows).

stress echocardiography, making them comparable to that
of exercise or dobutamine stress echocardiography, in
addition to increasing medium- and long-term prognostic
value?® and cost-effectiveness when compared to nuclear
studies.®>** Economic analyses demonstrate that a strategy
based on the use of UEAs reduces rework and the need
for additional methods, with cost reductions of around
28% compared to myocardial scintigraphy in outpatient
populations (Figure 19).%

One study®” demonstrated that qualitative analysis of
myocardial perfusion by echocardiography with UEAs
has sensitivity and specificity comparable to scintigraphy,
consolidating the method as a promising tool for rapid and
safe assessment of myocardial perfusion.

Although visual or qualitative analysis of myocardial
perfusion provides additional information on wall motion,
the use of quantitative parameters, especially microvascular
blood flow velocity reserve (B reserve), is the most
objective method, as it is independent of ultrasound field
inhomogeneities for the evaluation of patients with coronary
artery disease. A prospective head-to-head comparative
study in which patients (n = 168) with suspected CAD
and preserved left ventricular function underwent both
dobutamine and adenosine stress echocardiography showed
that quantitative variables, especially B reserve, were
independent predictors of cardiac events (cardiac death,

myocardial infarction, and unstable angina) in both groups
(Figures 19 and 20).** An example of a patient who had low
myocardial flow velocity reserve (B reserve) and experienced
a cardiac event is depicted in Figure 19.

Studies that used quantitative or semi-quantitative analysis
in stress echocardiography with UEAs for the detection of
coronary artery disease (CAD) demonstrated good diagnostic
performance compared to coronary angiography or other
non-invasive stress imaging methods,??*7> with one meta-
analysis demonstrating sensitivity and specificity above 80%
and significant superiority in predicting major cardiovascular
eventS.78'79'88'89

For patients with heart failure with reduced ejection
fraction (HFrEF), quantitative assessment has proven capable
of differentiating ischemic from non-ischemic etiology
and predicting mortality. It has also been used to evaluate
microvascular dysfunction in non-ischemic hypertensive
cardiomyopathy, stress cardiomyopathy, and in patients with
angina with non-obstructive coronary arteries (ANOCA).?%"

Multicenter studies have been conducted comparing
RTMPE with single-photon emission computed tomography
(SPECT) using vasodilators for the detection of coronary
artery disease. The first study showed equivalent sensitivity
and specificity. However, in another blinded, core-lab
adjudicated study with a larger number of patients, using
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Figure 19 - Apical 4-chamber view of two pharmacological stress tests in the same patient, combined with microbubble enhancing
agents to assess wall motion and perfusion. In (A), normal perfusion is noted at rest. In (B), a transmural perfusion defect in a single
apical segment is seen during adenosine stress, and in (C), during dobutamine stress, an extensive transmural apical perfusion defect
is seen in at least two segments, with associated wall motion abnormality in the same coronary territory (akinesia). In (D), acoustic
intensity/time curves demonstrate a very depressed coronary flow velocity reserve (B reserve) during both stress modalities. In (E),
coronary angiography in the left anterior oblique view demonstrating severe obstruction in the left anterior descending and circumflex
arteries. AP4C: apical four-chamber view; LAD: left anterior descending coronary artery; LCx: left circumflex coronary artery; Mg2:

second marginal branch.

coronary angiography as the gold standard, the sensitivity
and prognostic power of stress echocardiography with UEAs
demonstrated greater predictive value for cardiac events
alone and when compared to SPECT.”"92:9%

5.3. Myocardial Viability Assessment

Hibernating myocardium corresponds to a state of chronic
contractile dysfunction secondary to sustained myocardial
hypoperfusion, but potentially reversible after restoration
of regional blood supply.”® From a clinical standpoint, the
central question is whether this dysfunctional myocardium
remains viable — that is, whether it has the potential for
functional recovery after revascularization.

The assessment of myocardial viability can be performed
using non-invasive imaging methods that investigate
perfusion, metabolism, and contractile reserve. Among these,
the following stand out: myocardial perfusion scintigraphy
by single-photon emission computed tomography (SPECT),
which estimates residual myocardial perfusion; positron
emission tomography (PET), especially with glucose

Arq. Bras. Cardiol. 2026;123(10):e20260860

metabolic markers, capable of identifying hypoperfused
but metabolically active myocardium; cardiovascular
magnetic resonance (CMR) imaging with late gadolinium
enhancement, which delineates the extent of necrosis and
fibrosis and, therefore, the likelihood of functional recovery;
and low-dose dobutamine stress echocardiography (DSE),
which assesses segmental contractile reserve as an indirect
marker of viability. Recent guidelines for chronic coronary
artery disease and cardiovascular imaging recognize these
modalities as established approaches for myocardial viability
identification in supporting revascularization decisions.?”

One study” reviewed different methods for detecting
myocardial viability, focusing on their ability to predict regional
and global functional recovery, symptom improvement,
exercise tolerance, and prognostic outcomes. Regarding
regional functional recovery, 18-fluorodeoxyglucose PET
(FDG-PET) showed the highest sensitivity, followed by
myocardial scintigraphy with thallium and technetium.
Overall, nuclear techniques (FDG-PET and SPECT) showed
greater sensitivity in identifying viable myocardium compared
to dobutamine stress echocardiography (DSE), which
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Figure 20 - Kaplan-Meier curves of patients with normal B-reserve, abnormal -reserve in only one coronary artery territory, and
abnormal B-reserve in two or more territories. AL: all territories; CT: coronary territories.

showed greater specificity. It is important to note that this
review did not systematically evaluate RTMPE using UEAs,
which represents a distinct approach by directly estimating
microvascular perfusion.

Several clinical series describe RTMPE as a useful tool
for assessing myocardial viability after ST-segment elevation
myocardial infarction (STEMI) and for characterizing the no-
reflow phenomenon. In these scenarios, RTMPE using UEAs
demonstrated high sensitivity (62-90%) for detecting viable
myocardium, although with lower specificity (18-67%) for
left ventricular functional recovery, resulting in a high negative
predictive value.®-'"

Shano et al.'®, in a study of patients in the first week after
myocardial infarction reperfused by thrombolysis, used DSE with
UEAs and intermittent harmonic imaging to assess myocardial
perfusion and predict ventricular functional recovery. DSE
showed high accuracy (90%) and an excellent negative predictive
value, precisely identifying segments with contractile reserve that
would show late improvement and those in which absence of
microvascular perfusion practically ruled out functional recovery.

More recent prospective studies have added that RTMPE
combined with low-dose DSE, performed early (approximately
72 hours) after percutaneous coronary intervention in patients
with STEMI, identifies viable segments with high accuracy and
prognostic value when compared to SPECT-MIBI.'®

Another study'* evaluated patients with chronic ischemic
heart disease and ventricular dysfunction who underwent
coronary artery bypass grafting (CABC), demonstrating that
RTMPE was capable of predicting regional functional recovery.

The estimation of capillary blood volume by RTMPE correlates
directly with the density and area of the microvasculature and
inversely to the collagen content (fibrosis), which determines
long-term prognosis.'00101 105106

One emerging application for assessment of viability using
RTMPE is in heart failure with preserved ejection fraction
(HFpEF). In these patients, quantitative analysis of myocardial
blood flow has shown to be independently associated with
adverse clinical events and, when combined with global
longitudinal strain (GLS), has increased the capacity for risk
stratification in HFpEF patients.'"

Another emerging application is the acquisition of ultrafast
(high frame-rate/ultrafast frame-rate) RTMPE imaging, as
recently demonstrated in humans, allowing for the evaluation
of myocardial perfusion in the context of coronary artery disease
(CAD) with a higher signal-to-noise ratio and better temporal
sampling compared to conventional acquisition. This temporal
gain potentially improves the estimation of quantitative
perfusion parameters.'®® Although still in the translational
phase, this technology has the potential to refine the segmental
quantification of perfusion and, therefore, allow inference of
myocardial viability with increased precision.'®
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5.4. Summary of Recommendations for the use of Ultrasound-
Enhancing Agents during Stress Echocardiography

During exercise or
pharmacologic stress
echocardiography, UEAs
should be used to improve
endocardial border
delineation when two

or more contiguous left
ventricular segments are
not adequately visualized on
baseline apical views

Myocardial perfusion
analysis using real-time
myocardial perfusion
echocardiography

with UEAs should be
considered during stress
echocardiography to
maximize diagnostic
accuracy and enhance
prognostic assessment

MODERATE

UEAs: ultrasound-enhancing agents.

6. Use Of Ultrasound-Enhancing Agents
in Examinations of the Aorta, Carotid and
Vertebral Arteries

UEAs are used to enhance certain structures of similar densities
and to assess tissue perfusion. Therefore, they have multiple
applications in vascular scans, ranging from improving the
identification of lesions in trunk vessels to studying microcirculation
within a single plaque. Many of these applications are not within
the scope of this document, which is dedicated to vessels of greater
interest in cardiology, especially the aorta and carotid arteries.

In vascular diagnostic ultrasound, UEAs protocols and agents are
the same as those used for cardiac analysis. In Brazil, SonoVue®
has been approved by ANVISA for use in Doppler optimization
and in evaluation of the micro- and macrovasculature, being the
only ultrasound enhancing agent approved for clinical use in the
country to date.

The applications of UEAs in the vascular examinations currently
most requested in clinical practice are the study of carotid plaque
morphology, carotid neovascularization, and the detection of
endoleaks after endovascular treatment of the aorta.

Detection of markers of vulnerability in a carotid atheromatous
plaque is essential for evaluation in patients with stroke or at
increased risk of stroke'® by adequately characterizing the
surface of the plaque, detecting ulcers and the presence of
neovascularization (Figure 21).

Several studies have compared UEAs with non-enhanced
ultrasound, demonstrating that UEA-enhanced imaging has a high
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sensitivity for the diagnosis of plaque ulceration (88-94%) when
the reference standard is computed tomography.'"

Processes such as intraplaque hemorrhage (IPH), currently
considered the main marker of vulnerability, are preceded by the
formation of new vessels (neovascularization), which promote
plaque instability and burst, flooding the lipid-rich core and leading
to rapid stenosis progression or plaque rupture, with exposure of
subendothelial material and consequent vascular thrombosis. The
presence of a plaque with a hypoechoic zone combined with signs
of neovascularization can be considered equivalent to IPH and
is associated with a higher incidence of cerebrovascular events.

The use of UEAs has proven accurate in detecting and classifying
endoleaks associated with endovascular aortic repair. This is due
to the possibility of detecting the direction of flow, confirming
late, positional, and low-flow endoleaks, and also assisting in
the differential diagnosis of endotension, which is defined as a
persistently increased state of pressure within the aneurysmal sacin
the absence of leaks detectable by usual methods (Figure 22).11113

For this purpose, we generally start with a T mL bolus of
SonoVue® solution to characterize initial filling of the aorta,
followed by detection of any leaks, if present. Good UEA saturation
is expected to last up to 5 minutes. After this time, additional
boluses (0.5 mL each) are administered at the physician’s discretion.

7. Use in Pediatric Cardiology

The use of UEAs in pediatric echocardiography has been
expanding progressively, driven by the need to overcome the
specific technical challenges of this population, such as in the case
of children with congenital heart disease who have limited "acoustic
windows' resulting from previous cardiac surgeries, alterations in
thoracic geometry, or, more recently, the increased prevalence of
childhood obesity. Adolescents and adults with congenital heart
disease may also present with these same conditions.

In this context, both UEAs for contrast enhancement of the
pulmonary circulation and those that allow whole-circulation
enhancement represent valuable tools, since they provide
better image quality without exposure to ionizing radiation.
This improvement in image quality not only increases diagnostic
confidence but can also expedite and modify clinical management,
as well as reduce the need for more invasive, complex, and costly
diagnostic modalities."*'">

This section of the guideline aims to synthesize the most recent
global evidence on the efficacy and safety of UEAs in pediatric
echocardiography, addressing their clinical indications, safety
profile, contraindications, and specific challenges.

7.1. Clinical Applications of Whole-Circulation Ultrasound-
Enhancing Agents in Pediatric Echocardiography

The scientific literature on the safe and effective use of
UEAs for pediatric echocardiography and echocardiographic
imaging of congenital heart conditions is growing, consolidating
and reinforcing the role of these agents in modern cardiology
practice. The main indications according to the international
literature include:

* Suboptimal “acoustic windows”: UEAs can be used
in children and adolescents in whom conventional
echocardiography is inadequate or insufficient for the precise
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Figure 21 - Intraplaque neovascularization in carotid stenosis, visualized with UEA enhancement (green arrows). RCA: right
carotid artery.
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Figure 22 - Cross section at the level of the distal abdominal aorta showing 2 branches of the endograft (R1/R2) within the aneurysmal
sac. Two sites of leakage are evident: a type Il endoleak (originating from the graft; green arrow) and a type Il endoleak (originating
from a lumbar branch; black arrow). AS: aneurysmal sac; R1: branch 1; R2: branch 2.
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definition of endocardial borders, especially after surgical
interventions or in cases of chest wall deformities.

* Evaluation of congenital heart disease: UEAs are an option
when there is a need to significantly improve the visualization
of complex cardiac structures and functional assessment,
providing increased diagnostic accuracy and reducing the
need for modalities that expose the patient to ionizing radiation
(such as computed tomography) or require sedation or general
anesthesia (such as magnetic resonance imaging), including
postoperatively and at the bedside, when clinical conditions
may hinder adequate evaluation by conventional methods.""

* Quantification of ventricular function: UEAs increase accuracy
in delineating the ventricular endocardial borders, allowing
more reliable estimation of volumes and systolic function.""

* Estimation of intracardiac pressures: UEAs intensify Doppler
signals, such as the tricuspid regurgitation jet, facilitating a more
accurate estimation of right ventricular systolic pressure.''®

* Myocardial ischemia assessment: indicated for patients that
have undergone cardiac surgery involving manipulation of the
coronary arteries, such as correction of transposition of the
great arteries with the Jatene’s technique; in the correction of
anomalous origins or pathways; or in conditions potentially
impairing coronary flow reserve, such as Kawasaki disease or
coronary fistulas."”

7.2. Safety and Adverse Effects of Ultrasound-Enhancing
Agents in Pediatrics

Although ANVISA (the Brazilian Health Regulatory
Agency) does not yet recognize the safety of using UEAs
in the pediatric population, the international literature has
consistently demonstrated their safety and efficacy in this
population, especially in the presence of congenital heart
disease or suboptimal "acoustic windows." Guidelines issued
by international societies, such as the American Society
of Echocardiography, recognize the clinical utility of these
agents in children and adolescents, emphasizing the ability
of UEAs to improve the definition of endocardial borders
and ventricular functional assessment, with a risk profile that
is considered low."">"7

The FDA's 2019 approval of SonoVue® for echocardiography
in pediatric patients was based on a body of evidence from
clinical studies and retrospective analyses, supported by
entities such as the International Contrast Ultrasound
Society and the Society for Pediatric Radiology. Among the
most relevant studies is a retrospective multicenter analysis
conducted by Kutty et al., which evaluated 113 pediatric
patients aged 5 to 21 years. The results demonstrated
significant improvement in left ventricular opacification,
myocardial perfusion assessment, and detection of regional
wall motion abnormalities, without any serious adverse events.
The few reported symptoms were mild, self-limiting, and did
not require therapeutic intervention.'"®

Likewise, other authors''® prospectively reported that
UEA use in children and adolescents aged 9 to 18 years was
associated with substantial improvement in the visualization
of left ventricular wall segments, as well as a reduction in
examinations classified as suboptimal, without recording
significant adverse effects.
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Taken together, the adverse events reported in the current
literature were mostly mild and transient, including symptoms
such as chest discomfort, dizziness, headache, and fatigue,
all of which were resolved spontaneously. No relevant
hemodynamic changes were identified, even in subgroups
traditionally considered to be at higher risk, such as children with
pulmonary hypertension or in the postoperative period of cardiac
surgery."">""®The accumulated clinical experience is more robust
in school-aged children and adolescents (aged 5 years and older),
while data in infants and preschoolers remain limited.

Allergic reactions are rare, with a prevalence of less than
1%, and are more frequently observed in patients with a history
of hypersensitivity to iodinated contrast agents. Even so, their
risk does not compromise routine use of UEAs in pediatric
clinical practice, provided that the usual safety precautions
are followed. "> 11

Among the new frontiers for UEAs use in the pediatric
population, sonothrombolysis (see below in the specific
section) seems to be a very promising technique. This was
demonstrated in a case report of a 13-month-old infant with
hypoplastic left heart syndrome status post second-stage
palliative Glenn surgery (anastomosis of the right superior
vena cava to the right pulmonary artery), combined with
pulmonary artery banding and stenting of the left pulmonary
artery, who developed thrombosis and severe clinical
instability. After an unsuccessful first attempt at unblocking
by catheter-directed thrombolysis with alteplase, the
sonothrombolysis technique was then chosen as adjuvant
therapy, performed simultaneously with percutaneous
hemodynamic reintervention, which culminated in complete
recanalization of the coronary circulation.”?

* The main contraindications for use of UEAs in pediatric
echocardiography are:

e Significant intracardiac right-to-left shunt (only for
pulmonary-circulation UEAs).

* History of severe allergic reaction (anaphylaxis) to UEA
components: allergic reactions are rare but constitute an
absolute contraindication.?'!

* Conditions associated with severe clinical instability, such as
shock or acute respiratory failure, where the risk of adverse
events may be magnified.?

* Children under 5 years of age: In this age group, relative
contraindications include severe pulmonary hypertension and
decompensated heart failure, in which use may be considered
on a case-by-case basis with close monitoring.'1*!

7.3. Recommended Doses of Ultrasound-Enhancing Agents
in Pediatrics

According to recommendations from the American
Institute of Ultrasound in Medicine, the Society for Pediatric
Radiology, and the International Contrast Ultrasound Society,
the recommended dose of the SonoVue® enhancing agent for
use in pediatric echocardiography is 0.03 mL/kg intravenously,
with a maximum dose of 2.4 mL per injection."”'** Up to
4.8 mL may be administered for a single scan, as approved by
the FDA.""” The agent should be administered by intravenous
bolus injection, followed by a slow flush with saline solution.
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7.4. Indications for the use of Pulmonary-Circulation
Ultrasound-Enhancing Agents (Agitated Saline Solution) in
Pediatric Echocardiography

Agitated saline solution (0.9% NaCl) is composed of
microbubbles with an average diameter of approximately 100 um
and no ability to cross the pulmonary capillary bed. One of the
main indications for its use is when the presence of small or poorly
defined interatrial communications is suspected.'*23

In summary, the main indications for the use of agitated saline
solution in pediatric echocardiography are:

* Detection and characterization of intracardiac shunts:
especially interatrial communications, such as patent foramen
ovale and atrial septal defect, when conventional images are
insufficient or questionable for diagnostic clarification.

* Identification of intrapulmonary shunts: pulmonary
arteriovenous malformations secondary to hepatopulmonary
syndrome,'?* as observed in Figure 23.

* Investigation of arteriovenous fistulas in univentricular
hearts, as shown in Figure 23 (secondary to failure of the
cavopulmonary venous return system).'*

¢ |dentification of anomalous venous structures, such as
persistent left superior vena cava or unroofed coronary sinus.

* Clinical monitoring is mandatory during the atrial septal
defect occlusion procedure, and contraindications such as a
significant right-to-left shunt must be respected.'

According to the American Society of Echocardiography
guidelines, agitated saline solution can also be used to confirm
pericardial access in echocardiography-guided pericardial effusion
puncture and drainage procedures.’” Figure 24 shows this
technique, which contributes to the safety of the procedure by
allowing visual verification of the needle location before dilation
and catheter insertion.

8. Safety and Cost-Effectiveness

8.1. Safety and Indications of Ultrasound-Enhancing
Agents in Adults

After approximately two decades of clinical use, UEAs can
be considered extremely safe, provided that recommendations
for their proper preparation and administration are
followed.>##1126-130 Serious adverse events are exceedingly
rare, with a prevalence of approximately 1 per 10,000
administrations, with anaphylactoid reactions being the
most significant.>*'2'13° Specifically regarding the SonoVue®
enhancing agent (sulfur hexafluoride core) used in Brazil,
Furtado et al.”' in their safety study reported a very low
incidence of allergic reactions (0.6%) in a population of 1099
patients who received this agent. In general, allergic reactions
occur immediately or within 30 minutes of administration,
are mild in severity, and are transient. The most common
presentation is the development of an erythematous rash
and urticaria. If this occurs, special attention should be
paid to respiratory signs and symptoms (such as dyspnea,
laryngeal stridor, and bronchospasm) and to signs of
progression to circulatory collapse (such as dizziness, pallor,
and hypotension), as these represent early warning signs
of the onset of anaphylactic shock. The patient should be
carefully evaluated and observed and appropriate treatment
for anaphylaxis (including antihistamines, corticosteroids,
and epinephrine) promptly instituted as needed, following
established protocols.

In October 2007, the FDA added a black box warning to the
package inserts of Definity® and Optison® regarding use in acutely
ill patients after analyzing 11 deaths potentially related to use
of these agents. This warning was later removed after extensive
evidence of safety was demonstrated by subsequent clinical

Late enhancement
after 4 cardiac
beats

Figure 23 - Transthoracic echocardiogram after infusion of agitated saline solution via a peripheral 1V line in the upper extremity,

showing late passage of bubbles to the left heart (green arrows).
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Figure 24 - Transthoracic echocardiogram showing infusion of agitated saline bubbles during pericardiocentesis (green arrows). LV:

left ventricle; UEAs: ultrasound-enhancing agents.

studies. Advanced lung disease and pulmonary hypertension
were initially considered contraindications, but clinical trials
ratified the safety of UEAs in these settings,”''** as well as in
suspected or confirmed significant intracardiac shunt, the latter
contraindication having been removed by the FDA in 2016.'

Currently, the only absolute contraindication to UEAs is a
history of allergic reaction to any component of the specific
agent being administered. One noteworthy such example is
allergy to polyethylene glycol (PEG), a stabilizing chemical
compound present in the excipients of lipid-based UEAs; PEG
is also present in various medications (and is itself used as a
laxative) and cosmetics.'*

Supporting this safety profile is the fact that, in clinical
scenarios where UEAs are used, often in the most technically
challenging examinations and in critically ill patients,
numerous studies have shown no increase in morbidity or
mortality outcomes. Additionally, it is also valid to argue that
UEAs can provide important insights in the critical care setting,
such as by facilitating assessment of left ventricular systolic
function in a critically ill patient with a significantly limited
echocardiographic window or searching for intracavitary
thrombus, enabling changes in management with the
potential for a significant positive impact on outcome and
prognosis.>*6133
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8.2. Cost-Effectiveness of Ultrasound-Enhancing Agents

Ultrasound-enhancing agents (UEAs) demonstrate a favorable
cost-effectiveness profile when considering the relationship
between the cost of the method and its clinical efficiency.

Technically challenging echocardiograms are common,
particularly in the emergency department and intensive care
unit, due to limited acoustic windows, patient positioning, or
restricted access to the chest. In such situations, assessment
of left ventricular systolic function may become imprecise or
inconclusive, often leading to the need for additional, sometimes
more costly imaging modalities, such as cardiac magnetic
resonance (CMR).#3135138

In this context, UEAs allow accurate delineation of left
ventricular volumes and precise calculation of ejection fraction,
frequently eliminating the need for additional imaging. Their
use improves echocardiographic accuracy and reproducibility,
achieving performance comparable to that of CMR, which is
considered the gold standard. This has a directimpact on clinical
decision-making and reinforces the favorable cost-effectiveness of
UEAs, including in patients with morbid obesity."*® Furthermore,
UEA-enhanced echocardiography is virtually the only diagnostic
method capable of confirming myocardial rupture at the bedside
in critically ill patients.
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In short, UEAs have demonstrated cost-effectiveness across
several cardiology scenarios, with particularly strong evidence
in critical care and stress echocardiography, where they reduce
intra- and interobserver variability.>>89129139.140

In chest pain units, especially among obese patients, the
integration of rest and stress echocardiography using low—MiI
real-time perfusion imaging (RTMPE) for the assessment of
regional wall motion and perfusion represents an effective
alternative to more expensive tests, such as coronary
computed tomography angiography and myocardial perfusion
scintigraphy. This approach is less costly, radiation-free, and
highly accurate, reducing suboptimal studies by more than
30%, avoiding the need for additional imaging modalities,
and allowing safe patient discharge with annual cardiovascular
event rates below 19%.79141142

9. Emerging Applications

9.1. Sonothrombolysis

Sonothrombolysis is an emerging therapeutic technology
that uses high-energy ultrasonic pulses combined with an UEA
to dissolve thrombi. Its potential use was initially demonstrated
in 2009 in a thrombotic arteriovenous graft canine model.
High-mechanical-index pulses were shown to induce inertial
cavitation within the graft, promoting thrombi dissolution
without the need for fibrinolytic agents.'** Subsequently, it
was demonstrated that sonothrombolysis is also capable of
acting on the vascular endothelium and microcirculation,
releasing vasodilating substances including nitric oxide.'*
This knowledge served as the foundation for the use of this
technique in clinical studies.

Pioneering randomized clinical trials in humans tested
the adjunctive use of sonothrombolysis in acute myocardial
infarction.'***° These studies have demonstrated that the use
of ultrasound combined with commercially available UEAs
in patients with ST-segment elevation myocardial infarction,
randomized to receive or not sonothrombolysis as adjuvant
therapy to primary percutaneous coronary intervention (PCl),
was associated with a reduction in microvascular obstruction,
increased recanalization rates of epicardial vessels, and a
decrease in the extent of necrotic tissue. Furthermore, a lower
degree of ventricular remodeling and sustained improvement
in myocardial function were observed in long-term follow-up.

9.2. Molecular Imaging

This is an ultrasound imaging strategy that aims to assist
in the visualization, characterization, and quantification of
biological processes at the cellular and molecular levels. It can
aid in research studying inflammation, thrombosis, apoptosis,
necrosis, vascular remodeling, and angiogenesis.'>''>4

9.3. Gene and Drug Delivery

The use of ultrasound-targeted microbubble destruction
(UTMD) for the local delivery of drugs and genes is a promising
technique because it is a minimally invasive, reproducible
method with a high capacity for transferring bioactive
molecules to specific sites.'>

Although ultrasonic energy alone can facilitate gene
delivery through the formation of micropores in cell
membranes, the addition of microbubbles reduces the
acoustic cavitation threshold and markedly increases the
efficiency of this transfer, particularly when genes or nucleic
acids are incorporated or coupled directly to the microbubble
surface."61%7

The mechanisms involve the formation of micropores in
cell membranes and active calcium-mediated absorption.
Both result from the phenomenon of cavitation, shear forces,
the formation of microjets by high-amplitude oscillations,
and cell membrane deformation related to high acoustic
pressure.'®

Since the microbubbles are located in the intravascular
space, delivery and transfer occur predominantly in the
vascular endothelium of the insonated tissue, although they
can also occur in the extravascular space.'>*'%!

While UTMD has potential advantages over other gene
delivery techniques, including its non-invasive nature, efforts
are focused on improving transfer efficiency by using newer
vectors that prolong delivery or promote chromosome
insertion.

9.4. Use in the Context of Interventional
Echocardiography

9.4.1. Septal Reduction Therapy for Obstructive
Hypertrophic Cardiomyopathy

The use of UEAs has gained increasing relevance in
the context of structural heart interventions. One form of
obstructive asymmetric septal hypertrophic cardiomyopathy
is characterized by dynamic obstruction of the left ventricular
outflow tract (LVOT), frequently accompanied by systolic
anterior motion (SAM) of the mitral valve and secondary
mitral regurgitation."®?

In symptomatic patients refractory to optimized clinical
treatment, with a systolic LVOT gradient = 50 mm Hg at rest
or during physiological provocation and myocardial thickness
= 15 mm, with predominance of hypertrophy in the basal
region of the ventricular septum, septal reduction therapy
is indicated. This can be performed by surgical myectomy,
alcohol septal ablation (ASA) or radiofrequency ablation.'®%164

ASA involves the controlled injection of absolute ethanol
(96-99%) or other liquid embolic agents into an appropriate
septal coronary branch, resulting in localized myocardial
infarction in the basal segments of the ventricular septum
and consequent reduction of the intracavitary gradient.
The success of this procedure depends especially on the
precise selection of the target septal artery, since anatomical
variations and coronary collaterals can lead to infarction
of undesired areas, such as the right ventricular free
wall or papillary muscles, in addition to increased risk of
atrioventricular block or other hemodynamic complications.
Isolated coronary angiography often does not accurately
define the territory perfused by each septal artery, nor is
it able to detect overlap in regional coronary irrigation.
In this context, echocardiography using UEAs is essential
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in identifying the myocardial perfusion area of the septal
branch to be treated, ensuring greater safety and efficacy
of this procedure.'®

Targeted intracoronary injection of a whole-circulation
UEA (~2-um microbubbles), followed by echocardiographic
monitoring by transthoracic and/or transesophageal
echocardiography, allows direct visualization of the myocardial
region perfused by the tested branch, helping to confirm
the absence of flow outside areas of therapeutic interest,
such as the papillary muscles, free wall of the right ventricle,
and basal segment of the inferior and lateral-inferior walls
(Supplementary Videos 7,8 and 9). After positioning the balloon
catheter in the septal artery, with proximal occlusion, the UEA
is injected at a low dose (< 0.5 mL) and the opacified region
is visualized, preferably by transthoracic echocardiography

with a low MI (< 0.2). If opacification occurs exclusively in
the basal ventricular septum, corresponding to the region of
the obstructive gradient, the branch is considered suitable
for ethanol injection (Figures 25 and 26). Otherwise, if other
regions exhibit opacification, another branch or sub-branch
should be sought, or the procedure should be terminated and
another form of therapy considered."®'%” Studies confirm that
echocardiographic monitoring of ASA increases the accuracy
and safety of the procedure, and is considered good practice
in referral centers.'®

9.5. Percutaneous Closure of the Left Atrial Appendage

In percutaneous closure of the left atrial appendage
(LAA), the use of UEAs during the pre-procedural phase
allows for a more precise characterization of appendage
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Figure 25 - Use of ultrasound-enhancing agents (UEAs) during septal reduction therapy. (A): Pre-treatment, with evidence of a peak late
systolic left ventricular outflow tract (LVOT) gradient of 121 mm Hg. (B): Use of UEAs after the first attempt at selecting a septal coronary
artery, demonstrating perfusion of the mid-segment of the ventricular septum. (C): Use of UEAs after adequate selection of a branch
and sub-branch of the septal coronary artery, demonstrating perfusion of the basal segment of the ventricular septum (topography
related to the obstructive gradient). (D): Immediately post-treatment, with evidence of a peak late systolic LVOT gradient of 20 mm Hg.

Figure 26 — Apical 4-chamber view. Use of ultrasound-enhancing agents during alcohol septal ablation with evidence of right ventricular

perfusion (moderator band).
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anatomy, including lobe definition, identification of complex
trabeculations, and more reliable measurement of ostium
diameter and depth.

The evaluation of thrombi, artifacts, or spontaneous
contrast in the LAA by transesophageal echocardiography
(TEE) is essential in this context. In one study,'® diagnostic
concordance for thrombus detection increased from 72% to
96% when UEAs were used in cases of uncertainty, reducing
false positives that would contraindicate the procedure or
prolonged anticoagulation. In another analysis, the use of
UEAs changed the diagnosis of thrombi in 17% of patients
and the management strategy in 13%, highlighting the direct
clinical impact of this tool.'”

During the procedure, UEAs can assist in confirming the
location of the closure device before deployment, improving
delimitation of the appendage and landing zone borders.
In cases of suboptimal visualization during TEE, UEAs
contribute to more accurate decision-making regarding device
repositioning or recapture.

Although routine use still varies across centers, the literature
demonstrates that incorporating UEAs during percutaneous
LAA closure can reduce uncertainties, optimize decision-
making, decrease procedure duration and, therefore, ionizing
radiation exposure for both the patient and the medical
team, as well as reduce the need for iodinated contrast
administration.'”!

10. Regulatory and Operational Aspects
Related to the Incorporation of Ultrasound-
Enhancing Agents into Routine Practice

in Brazil

In Brazil, the broad and systematic adoption of UEAs
depends on harmonious integration among health regulation,
represented by the National Health Surveillance Agency
(ANVISA); coverage and reimbursement standards approved
by the National Supplementary Health Agency (ANS) through
its Brazilian Hierarchical Classification of Medical Procedures
(CBHPM); and formal health technology assessment
processes conducted by the National Commission for the
Incorporation of Technologies into the Unified Health
System (CONITEC). Incorporating UEAs into routine practice
requires technical infrastructure, multiprofessional training,
and standardized workflows that ensure quality, safety, and
economic feasibility.

SonoVue® is, as of the date of publication of this document,
the only whole-circulation microbubble agent approved in
Brazil, having been granted marketing authorization by ANVISA
in 2013. Approval follows rigorous regulatory guidelines and
involves detailed evaluation of safety, efficacy, and quality, as
well as pharmacovigilance. Approved indications currently
include echocardiography for left ventricular enhancement,
vascular studies, and investigation of perfusion in different
organs, including the heart.

UEA-enhanced echocardiography has been included in
the ANS procedure list since 2014. This ensures mandatory
coverage by health insurance providers for recognized
indications. The CBHPM defines specific codes and provides

additional compensation for procedures involving UEAs;
nevertheless, contractual variations between insurance
companies and healthcare providers may occur.

The incorporation of UEAs into the Brazilian Unified
Health System (SUS) depends on its evaluation by CONITEC,
which requires a systematic review of the evidence, a
cost-effectiveness study, and an analysis of budgetary
impact. Due to their excellent cost-benefit ratio, many
centers advocate for the progressive incorporation of UEAs,
especially considering the possibility of replacing or reducing
more expensive diagnostic modalities such as computed
tomography and magnetic resonance imaging, potentially
improving the cost-effectiveness of diagnosis and reducing
patients’ exposure to ionizing radiation and iodinated
contrast agents, an advantage that is especially relevant in
the pediatric population and in young adults.

UEAs have an excellent safety profile. Basic monitoring
should be performed as appropriate for the patient’s
clinical condition. Adverse events are rare but should be
reported to ANVISA in accordance with pharmacovigilance
regulations.'”?

Scheduling systems should proactively identify
examinations with a higher likelihood of benefiting from
UEAs, such as patients with unfavorable "acoustic windows,"
need for precise quantification of systolic function, or
evaluation of masses or thrombi. The use of specific CBHPM
codes and adequate documentation of clinical indications
facilitate auditing and prevent denials. Clear communication
with health insurance companies and the presentation of
institutional results should increase acceptance and reduce
administrative barriers.

Monitoring rates of inconclusive scans, repeat scans, need
for additional diagnostic studies, and average room turnaround
time is advised, as these indicators help in evaluating
effectiveness and justify institutional investment.

Key challenges include a lack of technical knowledge among
auditors and managers, a mistaken perception that UEAs are
"experimental," administrative resistance, and a lack of structured
internal protocols. Solutions include involvement of scientific
societies, development of internal good-practice manuals, holding
clinical sessions to disseminate knowledge, transparency in quality
indicators, and maintaining a continuous dialogue with health
insurance companies and institutional managers.

The implementation of UEAs in Brazilian echocardiography
laboratories represents a significant advancement aligned
with international best practices. This technology is safe,
cost-effective, and widely supported by scientific evidence.
Its systematic use improves diagnostic accuracy, reduces
variability, and increases the overall efficiency of health
services. 09128

The consolidation of UEA use in clinical practice depends
on planning, standardization, training, and integration among
clinical teams, institutional management, and regulatory
systems. National and international evidence and experience
support the definitive consolidation of this technology as
an essential component of modern echocardiography and
ultrasound services.
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Supplementary material

Supplementary Video 1 - Demonstrating the ideal opacification conditions (A), attenuation (B) and apical swirl (C).
Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_01.mp4
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Supplementary Video 2 - Transthoracic echocardiography — Apical two-chamber view. Complete opacification of the left ventricular
cavity is observed, with an image suggestive of a thrombus in the apical region.
Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_02.mp4
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Supplementary Video 3 - Transthoracic echocardiogram with real-time myocardial perfusion echocardiography technology,
in the apical four-chamber view, showing a poorly perfused, homogeneous mass within the left atrium, characteristic of a left

atrial myxoma.
Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_03.mp4
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Supplementary Video 4 - Transthoracic echocardiography — Apical four-chamber view without an ultrasound enhancing agent (UEA).

The image shows a left ventricular (LV) apical aneurysm in a patient with a history of acute myocardial infarction 2 years earlier. The
image also raises suspicion of an LV apical thrombus.

Link: http.//abccardiol.org/supplementary-material/2026/12310/realce_video_sup_04.mp4
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Supplementary Video 5 - Transthoracic echocardiography — Apical four-chamber view with an ultrasound enhancing agent (UEA).
Following UEA injection and complete opacification of the left ventricle (LV), the apical LV wall-motion abnormality is confirmed, and
the suspicion of an apical thrombus is ruled out.

Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_05.mp4
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Supplementary Video 6 — Midventricular hypertrophic cardiomyopathy with an apical aneurysm and no thrombus, clearly visualized
with the aid of an ultrasound enhancing agent (UEA).
Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_06.mp4

Supplementary Video 7 — Use of UEA after first attempt at septal coronary artery selection, demonstrating perfusion of the mid-
segment of the ventricular septum (topography unrelated to obstruction).
Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_07.mp4
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Supplementary Video 8 - Use of UEA after adequate septal coronary artery selection, demonstrating perfusion of the basal segment
of the ventricular septum (topography related to obstruction).
Link: http.//abccardiol.org/supplementary-material/2026/12310/realce_video_sup_08.mp4

Supplementary Video 9 — Use of UEA during alcohol septal ablation with evidence of right ventricular perfusion (moderator banad).
Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_09.mp4
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Supplementary Video 10 - Transthoracic echocardiography — Apical four-chamber view. After complete opacification of the left ventricle
(LV), an aneurysm of the apical region is observed, with no evidence of thrombus.
Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_10.mp4

Supplementary Video 11 - Transthoracic echocardiography — Apical four-chamber view with zoom of the left ventricle (LV). After
complete LV opacification, akinesia of the apical region and a sessile mass related to the apical region are observed. The mass shows
no enhancement with the ultrasound enhancing agent (UEA), consistent with thrombus.

Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_11.mp4
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Supplementary Video 12 - Transthoracic echocardiography — Apical four-chamber view. After complete opacification of the left ventricle
(LV) with the ultrasound enhancing agent (UEA), hypertrabeculation of the mid and apical segments of the lateral wall is demonstrated.
Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_12.mp4
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Supplementary Video 13 - Transthoracic echocardiography — Apical four-chamber view with and without the use of an ultrasound
enhancing agent (UEA). After complete opacification of the left ventricle (LV) with the UEA, marked increase in apical myocardial
thickness is better visualized, a finding suggestive of hypertrophic cardiomyopathy, apical variant (Yamaguchi).

Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_13.mp4
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Supplementary Video 14 - Transthoracic echocardiography — Apical four-chamber view. After peripheral intravenous injection of
agitated saline and complete opacification of the right-sided cardiac chambers, early atrial transseptal passage of microbubbles into
the left atrium is observed, consistent with a patent foramen ovale.

Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_14.mp4

Supplementary Video 15 - Transesophageal echocardiography — Mid-esophageal short-axis view at 45°, with zoom of the interatrial
septum. The interatrial septum is redundant and exhibits increased mobility. After peripheral intravenous injection of agitated saline
and complete opacification of the right atrium, separation of the fossa ovalis membrane and transseptal passage of microbubbles
into the left atrium are observed, consistent with a patent foramen ovale.

Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_15.mp4
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Supplementary Video 16 — Transthoracic echocardiography — Parasternal long-axis view. An extensive, fixed mass with irregular
borders and heterogeneous content is observed in the right ventricle. The mass shows areas of hyperenhancement with the ultrasound
enhancing agent (UEA), suggesting hypervascularity, as well as nonenhancing regions that may correspond to areas of necrosis,
findings suggestive of malignancy.

Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_16.mp4

Supplementary Video 17 — Exercise stress echocardiography (Resting phase) — Parasternal short-axis and apical two-, three-, and
four-chamber views. Complete opacification of the left ventricular cavity with the ultrasound enhancing agent (UEA) of all myocardial
segments are observed, with no evidence of regional wall motion abnormalities.

Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_17.mp4
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Supplementary Video 18 - Exercise stress echocardiography (peak exercise) — Parasternal short-axis and apical two-, three-, and
four-chamber views. Complete opacification of the left ventricular cavity with the ultrasound enhancing agent (UEA) and a hyperdynamic
response of all myocardial segments are observed, with no evidence of regional wall motion abnormalities.

Link: http://abccardiol.org/supplementary-material/2026/12310/realce_video_sup_18.mp4
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