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Abstract

Contrast enhanced ultrasound (CEUS) offers a safe, reliable imaging option to establish a clinical diagnosis

across a variety of multidisciplinary settings. This Expert Consensus Statement serves to outline expert opinion

on what constitutes appropriate supervision and the essential components of safe CEUS practice. The purpose

of this document is to empower institutions to allow sonographers, along with other trained medical professionals,
to administer UCAs at the point of care, consistent with the updated scope of practice documentation and within the
broad parameters of an individual's training and licensure, while subject to appropriate supervision and meeting

or exceeding minimum safety standards. This guidance was developed by the International Contrast Ultrasound
Society and endorsed by the following organizations that represent ultrasound professionals: the British Society

of Echocardiography, the Canadian Society of Echocardiography, the Society of Diagnostic Medical Sonography,

the Society for Pediatric Radiology, the World Federation of Ultrasound in Medicine and Biology, the Brazilian College
of Radiology, the Joint Review Committee for Diagnostic Medical Sonography, the Chinese Ultrasound Doctors Asso-
ciation, and the American Society of Neuroimaging. Additionally, this guidance document was affirmed or supported
by the American Society of Echocardiography, the Association for Medical Ultrasound, and the Society for Vascular
Ultrasound.
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Preamble

Central to the provision of effective patient care is the
ability to obtain a timely and accurate assessment of an
individual’s clinical condition while maintaining the
lowest risks for adverse outcomes. Contrast enhanced
ultrasound (CEUS) offers a safe, reliable imaging option
to establish a clinical diagnosis across a variety of mul-
tidisciplinary settings. CEUS studies use intracavitary or
intravenously (IV)-injected ultrasound contrast agents
(UCA, ak.a. ultrasound enhancing agents), along with
widely-available ultrasound hardware and software, to
produce diagnostic images in real time [1-3]. The focus
of this paper will be the CEUS via IV route. CEUS studies
do not expose patients or staff to ionizing radiation, and
UCAs are among the safest contrast agents used in mod-
ern medical imaging with no influence on renal or thy-
roid function [4]. CEUS studies can reduce the need for
additional downstream testing [5-8], improve the time
to diagnosis [9], lower overall imaging costs [5-7], and
potentially improve workflows. There are also situations
where CEUS may be the only suitable modality to evalu-
ate an abnormality [10].

CEUS imaging has multiple applications in cardiology
and radiology. UCAs are useful in diagnosing cardiac and
vascular disease by improving endocardial border reso-
lution and assessment of blood volume and myocardial
perfusion [1, 2, 9, 11, 12]. UCAs also enable identifica-
tion and characterization of tumors, and monitoring of
inflammatory and neoplastic gastro-intestinal and renal
diseases. [1, 2, 9, 11, 12] In addition, novel applications
of UCAs are being explored in the therapeutic realm,
including molecular imaging, sonothrombolysis, and
enhanced delivery of chemotherapy drugs and gene ther-
apies [13, 14].

Although CEUS is underutilized relative to potential
applications [5, 15], CEUS indications and use are grow-
ing in adult and pediatric patient populations world-
wide. Reflecting that trend, numerous multi-societal
guidance documents now support the administration of
UCAs by sonographers and other medical professionals
under appropriate supervision [1, 2, 9, 11, 12, 16]. For
example, the recently updated “Scope of Practice and
Clinical Standards for the Diagnostic Medical Sonogra-
pher; promulgated by the Society of Diagnostic Medi-
cal Sonography (SDMS), allows a trained sonographer to
determine when a CEUS examination is necessary, place
an IV, and inject UCAs [17].

This Expert Consensus Statement serves to outline
expert opinion on what constitutes appropriate supervi-
sion and the essential components of safe CEUS practice.
The purpose of this document is to empower institu-
tions to allow sonographers, along with other trained
medical professionals, to administer UCAs at the point of
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care, consistent with the updated SDMS Scope of Prac-
tice [17] and within the broad parameters of an individ-
ual’s training and licensure, while subject to appropriate
supervision and meeting or exceeding minimum safety
standards. This document mirrors the new SDMS Scope
of Practice [17] and is similar to practice parameters set
forth by the American College of Radiology (ACR) [18]
in predefining conditions for safe administration of iodi-
nated contrast by non-physician personnel.

This guidance was developed by the International Con-
trast Ultrasound Society (ICUS) and endorsed by the
following organizations that represent ultrasound pro-
fessionals: the British Society of Echocardiography, the
Canadian Society of Echocardiography, the Society of
Diagnostic Medical Sonography, the Society for Pediatric
Radiology, the World Federation of Ultrasound in Medi-
cine and Biology, the Brazilian College of Radiology, the
Joint Review Committee for Diagnostic Medical Sonog-
raphy, the Chinese Ultrasound Doctors Association, and
the American Society of Neuroimaging. Additionally,
this guidance document was affirmed or supported by
the American Society of Echocardiography, the Associa-
tion for Medical Ultrasound, and the Society for Vascular
Ultrasound. This document is intended solely as a general
tool for educating and guiding medical professionals in
the provision of safe, timely, and appropriate care within
their scope of practice and institutional guidelines. This
document is expressly not intended to establish a legal
standard of care or to reflect appropriate clinical judg-
ments or decisions made or to be made with respect to
specific patients.

Introduction

UCAs consist of liquid or lyophilized suspensions of
microbubbles containing high-molecular weight gases
surrounded by a phospholipid or albumin shell. Their
small size (1.1-4.5 pm in diameter) permits unimpeded
passage through the pulmonary and systemic microcir-
culation. When insonation is applied using a very low
mechanical index (MI<0.2), these microbubbles oscillate
in a nonlinear fashion, emitting an ultrasound signal that
can be used to create effective delineation of the blood
pool and microvasculature.

UCAs are among the safest of all contrast media, and
voluminous studies published over the past few decades
support the overwhelming safety profiles of UCAs along
with their clinical benefits for use in both cardiology
and radiology applications [4, 19-30]. Nevertheless, on
exceedingly rare occasions, serious immune-related reac-
tions may occur, largely attributed to complement activa-
tion-related pseudoallergy (CARPA) reactions that result
from interactions of the liposomal shell with the com-
plement system, resulting in an anaphylactoid reaction
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that can be fatal if not addressed promptly [4, 19-30]. In
multiple published large safety studies, CARPA reactions
occur in approximately 1:15,000 UCA administrations
and do not require prior exposure to the agent [4, 19-30].
In addition, rare IgE-mediated Type I hypersensitivity
reactions, requiring prior exposure to an allergen, have
been described to occur with components of the agent
including the microbubble shell, the gaseous component,
or excipients such as polyethylene glycol; use of these
agents is contraindicated in individuals with a known
allergy to any component [31]. Even more uncommonly,
UCAs have been associated with Kounis Syndrome, the
occurrence of an acute coronary syndrome in the set-
ting of an allergic reaction [32—34], which is estimated to
occur at a frequency of<1/20,000 in the Food and Drug
Administration Event Reporting System (FAERS) data-
base [35]. While these rare reactions do not negate the
multiple demonstrated clinical benefits of UCA use [9],
they do highlight the need for guidance in safely admin-
istering these agents in clinical practice. It is important
to note that UCAs have an improved safety profile com-
pared with x-ray and MRI contrast agents [4].

A. Adoption of protocol documents

We recommend that each facility adopt a written and
standardized set of predefined imaging protocols for use
of UCAs. These protocols should reflect consideration of
the various UCAs available and indications or contrain-
dications for each. These protocols should be predefined
and the staff trained prior to the first use of UCAs at a
given site. We recommend that these protocols stipulate:

1. Indications and contraindications for use.

2. The credentials required for administering healthcare
professionals.

3. Procedures for administering and documenting use
of UCAs including routinely documenting lot num-
ber and expiry date where feasible.

4. The institutional protocol for responding to an
adverse reaction to contrast administration.

5. Procedures for response to adverse reactions.

6. The locations and contents of allergy kits (recom-
mended to be available) and the procedure for use
and restocking.

7. Which healthcare professionals may directly super-
vise administration of UCAs (see “E. Direct super-
vision of UCA administration”) and the appropriate
hierarchy to seek medical assistance should this/
these individual(s) not be available or reachable.

8. Procedures for documenting the occurrence of an
adverse reaction, including retaining the vial for
reporting of the lot number to the manufacturer,
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documenting the occurrence of an event in the study
report and health record, counseling patients on
future risks and avoidance of UCAs, and debriefing
with staft around ways to improve future responses.

B. Professional responsible for ordering CEUS study

The order for a CEUS imaging study should be placed
by a licensed professional who meets institutional,
state, and federal requirements for this task, potentially
including physicians including residents or fellows or
appropriately trained and licensed advanced practice
professionals (nurse practitioner or physician assis-
tant). The order should either be written or electronic,
and should state the name of the ordering healthcare
professional, the specific study ordered, and the date/
time of the order. UCAs may be ordered as part of the
overall order for a CEUS study or separately. When the
option is available, the order for an ultrasound exami-
nation should include an order for UCAs to be injected
at the discretion of the administering healthcare pro-
fessional, so as to obviate the need for a separate order.
A standing order within the ultrasound unit providing
the appropriate indications for a CEUS study (see “A.
Adoption of protocol documents”) allows administra-
tion of UCAs at the discretion of the trained healthcare
professional performing the ultrasound examination
after verbal consent from the patient.

C. Professional responsible for performing the CEUS study

+ The professional responsible for a CEUS study may
or may not be different than the individual adminis-
tering the UCA.

+ Injections should follow societal guidelines as well
as relevant institutional, state, and federal regula-
tions around proper injection technique.

+ Individuals who perform the CEUS study should be
knowledgeable in cardiopulmonary resuscitation.

+ Additionally, all individuals who perform the CEUS
study should have access to an allergy kit and car-
diopulmonary resuscitation cart (aka code cart).

« The professional should be familiar with the unit
and institutional emergency/code procedures spe-
cifically including the immediate response to an
adverse reaction to UCAs and the mechanism to
activate an emergency response within their insti-
tution.

+ Not superseding institutional, state, and federal
regulations, injections of UCAs may be performed
by licensed physicians and appropriately supervised
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medical personnel (see “D. Professional administer-
ing ultrasound contrast agent”).

D. Professional administering ultrasound contrast agent

Not superseding institutional, state, and federal regula-
tions, the following healthcare professionals may inject
UCAs without (1) or with (2-5) direct supervision (see
“E. Direct supervision of UCA administration”):

1. Physicians (MD, DO, MBBS)

Sonographers (RDMS, RDCS, RCS, ACS, RVT)

3. Advanced practice professionals (nurse practitioner
or physician assistant)

4. Registered nurses

5. Other certified radiologic technologists or registered
radiologist assistants

N

E. Direct supervision of UCA administration

Under the general supervision of a licensed physician
with training in UCA administration, the following
healthcare professionals may also provide direct supervi-
sion of UCA administration:

1. Other physicians (MD/DO/MBBS) including resi-
dents and fellows

2. Advanced practice professionals (nurse practitioner
or physician assistant)

3. Registered nurses

4. Sonographers acting in a supervisory capacity (i.e.,
lead sonographer, technical director, advanced
sonographer)

The professional of direct supervision must be imme-
diately available for assistance and direction through-
out the procedure. Importantly, the direct supervisor is
not required to be present in the room where and when
the injection is performed. However, there should be at
least one person meeting criteria for direct supervision
in attendance (either in the room or in close proximity).
This person should be knowledgeable of cardiopulmo-
nary resuscitation techniques and institutional protocols
for responding to adverse reactions and should be able to
summon further medical support as needed. The profes-
sional directly supervising an injection should be compe-
tent in:

Recognition and immediate management of acute
hypersensitivity reactions, including the types of
reactions experienced in response to UCAs (see
Introduction).
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1. Local policies and protocols with regard to UCA
administration and activation of the emergency
response system (see “A. Adoption of protocol docu-
ments”).

2. Proficiency in cardiopulmonary resuscitation.

Summary

This Expert Consensus Statement outlines guidelines
around the safe administration of CEUS studies so that
ultrasound units may confidently allow sonographers
and other healthcare professionals to practice within
their scope of practice, as permitted by institutional,
state, and federal regulations, while ensuring the high-
est quality standard of patient care is met.
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