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Editorial

Ultrasound-Enhancing Agent Safety: Understanding
the New Food and Drug Administration Warning on
Polyethylene Glycol
IN APRIL 2021, the Food and Drug Administration (FDA)
issued an alert stating ultrasound-enhancing agents (UEA)
should not be administered to patients with known hypersensitivity reactions to polyethylene glycol (PEG). In response, several societies, including the International Contrast Ultrasound
Society and the American Society of Echocardiography, have
issued and published statements providing education and guidance on this topic.1
Contrast echocardiography uses UEA, which contain acoustically active microbubbles that rely upon stable cavitation
after exposure to ultrasound to produce opacification after
intravenous injection.2 The use of contrast echocardiography
has increased over the past decades, as its safety and diagnostic
benefit have become clear.3 Agitated saline, the original UEA,
uses relatively unstable air microbubbles that are readily
absorbable to aid in visualization of intracardiac or intrapulmonary shunts.4 Current UEA contain shells composed of
either a lipid monolayer or albumin that encapsulate a core
containing inert high- molecular-weight gas.5 The lipid monolayer that forms the shell of the acoustically active microbubbles present in UEA provides intravenous stability and
persistence during circulation. The lipid monolayer may contain various types of lipids, including di-acyl lipids and lipids
with a PEG group, which aid in the production of the lipidcoated microbubbles and minimize the interaction between the
microbubble shell and blood.
Commercially available UEA include Optison (GE Healthcare), Definity/Lumify (Lantheus), Sonovue/Lumason
(Bracco), and Sonazoid (GE Healthcare), with the latter three
employing a lipid monolayer as the shell. Sonazoid by GE
Healthcare currently is not approved for use within the United
States. Clinical indications for contrast echocardiography
include identification and assessment of intracardiac masses,
qualitative and/or quantitative assessment of either the left or
right ventricle, myocardial perfusion imaging, and delineation
of shunting.5 Newer applications include providing imaging
assistance as a part of a structural heart disease program within
the catheterization laboratory and targeted delivery of
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therapeutic intervention.6,7 Contrast echocardiography can salvage the diagnostic quality of suboptimal noncontrast echocardiograms and has shown particular utility in the care of
critically ill populations as a safe alternative imaging technique performed at the bedside in patients who are coronavirus
2019-positive or are on extracorporeal membrane oxygenation.8-10 Furthermore, UEA are safe to use in patients with
renal function impairment; while other imaging modalities,
such as contrast-enhanced computer tomography and magnetic
resonance imaging, rely upon potentially nephrotoxic contrast
agents.11
Though relatively safe, there are examples of cardiopulmonary events and severe immunologic responses after UEA
injection. The FDA went so far as to issue a black box warning
for UEA beginning in 2007. In the intervening years, the language of the black box warning has softened as the safety of
UEA use in contrast echocardiography has emerged more
clearly and several ultrasound societies have lobbied the FDA
to remove the warning altogether.12 The recently released
FDA MedWatch alert, which forms the basis of the new ASE
expert consensus statement, identified 11 cases of presumed
type-I immediate hypersensitivity reactions (HSR) to UEA in
patients with known PEG hypersensitivity during decades of
pharmacosurveillance.1 Type-I HSR are mediated through
mast cell activation and degranulation, and subsequent stimulation of a complex, multiorgan inflammatory cascade. Due to
its use as an excipient in thousands of medical products and
household items, as well as an active medication in many
bowel preparations, patient exposure to PEG-containing products is nearly ubiquitous. In the absence of confirmatory detection of anti-PEG Immunoglobulin E (IgE), the true incidence
of IgE-mediated type-I HSR to PEG is unknown and the prevalence of PEG hypersensitivity in the general population is
underestimated. Case reports of confirmed IgE-mediated PEG
hypersensitivity implicate a wide variety of medications and
range of systemic reactions including urticaria, wheezing, dyspnea, angioedema, hypotension, and syncope.13,14 There is
only a single case report of enzyme-linked immunosorbent
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assay (ELISA)-confirmed IgE-mediated HSR to PEGylated
liposomal perflutren, resulting in dyspnea, urticaria, hypotension, and need for intensive care unit admission.15
Distinguished from IgE-mediated type-I HSR, mast cell
activation and degranulation can occur as a result of complement activation-related pseudoallergy (CARPA). This mechanism of severe allergic reaction has been linked to modern
pharmacologic agents, using nanoparticulate vehicle technologies such as radiocontrast media, PEGylated liposomal drugs
such as UEA, and possibly lipid nanoparticle-based mRNA
vaccine against severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2).3,16,17 Based on similarities in clinical symptoms between liposomal doxorubicin in the late 1990s and
liposomal complement activation in animals and human studies, Szebeni, in 2001, described CARPA as an independent
category of “receptor-mediated” mast cell activation.18 Symptoms of CARPA are similar to those of classic allergies and
IgE-mediated type-I reaction, with the most notable difference
from IgE-mediated reaction being lack of presensitization
requirement, ability for spontaneous resolution of symptoms
over time, and absent-to-mild reactions with repeated exposure. The incidence of CARPA after the administration of
UEA remains speculative, as clinical differentiation of underlying pathologic mechanism is difficult, but severe allergic
and anaphylactoid reactions with UEA have been described
around 0.01% and 0.004%, respectively, with a majority being
attributed to CARPA.19,20 Treatment of CARPA remains similar to that of allergic or anaphylactic reactions with epinephrine, steroids, antihistamines and supportive measures,
whereas avoidance of large boluses or rapid injections are
thought to mitigate the incidence.3
In spite of the possibility of IgE-mediated type-I HSR or
CARPA, lipid-based UEA have an excellent safety profile,
with an estimated incidence of serious reactions occurring in
approximately one per 10,000 doses.19 The MedWatch alert
recommended that patients with known hypersensitivity to
PEG should not be given lipid-based UEA; however, this does
not change the practical utilization of UEA for several reasons.
First, many patients are unaware of their allergy to PEG. Allergies attributable to PEG may be difficult to diagnose due to the
presence of PEG in many commonly used compounds (eg,
mRNA vaccines, cosmetics, laxatives). Second, although PEG
allergies may be underreported, the frequency of severe reactions to UEA still is estimated to be very low based on surveillance data. Third, the imaging team responsible for UEA
administration already should be trained in cardiopulmonary
resuscitation and, thus, be able to intervene if a severe allergic
response occurs. Although the new recommendation from the
ASE highlights the importance of screening patients for PEG
allergy before administration of lipid-based UEA, it likely will
not change clinical practice significantly and serves as an
important reminder for echocardiography teams to be able to
diagnose and treat allergic reactions.
All three of the FDA-approved intravenous UEA available
in the United States are injectable suspensions of gas-containing microspheres that opacify intracardiac structures to
improve endocardial border delineation.3 Of these, Definity

and Lumason are both suspensions of lipid microspheres containing perflutren and sulfur hexafluoride, respectively. They
both should be avoided in patients with known or suspected
hypersensitivity to the lipid microspheres or its components,
which include PEG.1 By contrast, Optison is a suspension of
human serum albumin microspheres containing perflutren and
does not contain PEG.21 Optison should be avoided in patients
with known or suspected hypersensitivity to perflutren, blood,
blood products, or albumin. Transesophageal or epicardial
echocardiography may be employed to address particular clinical concerns and may alleviate the need for UEA when used.
In addition, if intravenous administration of UEA is contraindicated and there is sufficient clinical need, cardiac MRI with
or without gadolinium contrast can be considered, as well as
contrast-enhanced CT.22
In summary, the use of UEA in contrast echocardiography
has significant diagnostic utility, a broad clinical application,
and a robust safety profile. There are reports of IgE-mediated
type-I HSR and CARPA reactions to the PEG components of
the lipid shell of UEA. Optison uses albumin rather than a
PEG-containing lipid shell to encapsulate its inert high-molecular-weight gas and is a viable alternative in patients allergic
to PEG. Administration of PEG-containing UEA in patients
with known hypersensitivity is contraindicated. However,
many patients may be unaware of their allergy status to PEG
given its ubiquitous presence in many products. As such, teams
administering UEA should be trained to identify and manage
potential immunologic reactions in patients undergoing contrast echocardiography. When PEG-containing UEA are contraindicated, consider using Optison or alternative imaging
modalities, such as cardiac MRI or contrast-enhanced computed tomography.
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