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Abstract

Salivary gland tumors pose diagnostic challenges, with fine-needle aspiration cytology showing limitations in accuracy.
Contrast-enhanced ultrasound (CEUS) has emerged as a promising alternative for preoperative differentiation. This
systematic review aims to evaluate the diagnostic value of CEUS in distinguishing between benign and malignant salivary
gland tumors. Electronic databases (PubMed, Embase, Scopus, Web of Science, Lilacs) were searched up to October 2024.
Inclusion criteria comprised original studies (2020-2024) evaluating CEUS for salivary gland lesions. Exclusion criteria
included non-English articles, reviews, and irrelevant studies. The STROBE checklist was used for quality assessment. Data
were synthesized narratively. Eight studies were included. CEUS demonstrated high diagnostic value, with features such as
blurring enhancement margins and increased lesion size aiding malignancy risk assessment. It effectively differentiated
pleomorphic adenomas from Warthin tumors and benign from malignant lesions. CEUS is a valuable, non-invasive tool for
the quantitative diagnosis of salivary gland tumors, enhancing preoperative planning and differential diagnosis.
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INTRODUCTION:

for the initial assessment of salivary gland lesions [4]. While

Salivary gland tumors represent a clinically significant
subset of head and neck neoplasms, accounting for
approximately 2—6% of malignancies in this region [1].
Approximately 80% of these tumors originate in the parotid
gland, with a majority being benign [2]. However, the
clinical management and prognosis for benign and
malignant salivary gland tumors are markedly different,
necessitating precise preoperative differentiation to guide
appropriate surgical planning and prognostic evaluation [3].
Conventional imaging modalities, including high-resolution
ultrasonography (US), computed tomography (CT), and
magnetic resonance imaging (MRI), are routinely employed

B-mode US provides valuable information on lesion
location, size, margin, and echogenicity, its ability to
reliably distinguish between benign and malignant
histotypes remains limited due to overlapping imaging
characteristics [5]. Fine-needle aspiration cytology (FNAC),
a standard preoperative diagnostic tool, is also constrained
by variable accuracy and a significant rate of false positives
or inconclusive results, particularly in differentiating
between specific malignant subtypes [6].

In this context, contrast-enhanced ultrasound (CEUS) has
emerged as a significant advancement in diagnostic
imaging. CEUS utilizes intravascular microbubble contrast
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agents to provide real-time, dynamic visualization of tissue
microvascularization  without ionizing radiation or
nephrotoxic risk [7, 8]. This technology enhances the
characterization of vascular patterns within lesions, offering
both qualitative and quantitative data on perfusion kinetics.
Its utility has been well-established in the evaluation of focal
lesions in organs such as the liver and thyroid [9, 10]. The
application of CEUS to salivary gland pathology presents a
promising avenue for improving diagnostic specificity by
revealing unique enhancement patterns associated with
different tumor types, such as the differences between
pleomorphic adenoma and Warthin tumor [11].

Given the diagnostic challenges posed by conventional
methods and the evolving evidence supporting CEUS, a
synthesis of the current literature is warranted to clarify the
diagnostic value of CEUS.

Objective

Therefore, this systematic review aims to evaluate the
existing evidence on the role of CEUS, particularly its
quantitative parameters, in the differential diagnosis of
benign and malignant salivary gland tumors.

Materials and Methods

This systematic review was conducted in accordance with
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines [12] to evaluate the
evidence on the quantitative diagnostic utility of contrast-
enhanced ultrasound (CEUS) for salivary gland tumors.

Eligibility Criteria
The review focused on studies meeting the following
criteria:

e Inclusion Criteria: Original research articles
(including observational cohort and case-control
studies) published in English between January
2020 and October 2024. Studies were required to
investigate the use of CEUS in human subjects
with salivary gland tumors and report quantitative
or semi-quantitative diagnostic outcomes related
to differentiating benign from malignant lesions or
specific tumor types.

e  Exclusion Criteria: Review articles, meta-
analyses, case reports, conference abstracts,
editorials, non-English publications, animal
studies, and studies where CEUS was not the
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primary imaging modality of investigation or did
not focus on salivary gland pathology.

Information Sources

A comprehensive literature search was performed across
five major electronic databases: PubMed (including
MEDLINE), Embase, Scopus, Web of Science, and Lilacs
(Latin American and Caribbean Health Sciences Literature).
The final search for all databases was conducted on October
31, 2024. No date filters were applied within the search
interface to ensure all relevant articles from the target period
were captured; subsequent manual filtering was performed.

Search Strategy
A systematic search strategy was developed using Boolean
operators (AND, OR) and Medical Subject Headings
(MeSH) terms where applicable. The core concepts were
"contrast-enhanced ultrasound,” "salivary gland," and
"diagnosis." The full search strategy for PubMed is
presented below and was adapted for syntax in the other
databases:
e ("Contrast-enhanced ultrasound" OR CEUS OR
"ultrasonography, contrast-enhanced" [MeSH])
AND
e ("Salivary Glands" [MeSH] OR "salivary gland"
OR parotid OR "salivary tumor" OR "salivary
neoplasm") AND
e (diagnosis OR differentiation OR "sensitivity and
specificity" OR "predictive value of tests" OR
quantitative)

Selection Process

The selection process involved two stages. Initially, two
reviewers (K.S. and E.C.D.) independently screened the
titles and abstracts of all retrieved records against the
eligibility criteria. In the second stage, the full texts of
potentially relevant articles were obtained and assessed
independently by the same reviewers. Any disagreements
regarding inclusion or exclusion at either stage were
resolved through discussion and consensus with the third
reviewer (D.G.D.). The selection process was documented
using a PRISMA flow diagram.

Risk of Bias Assessment

The methodological quality and risk of bias of the included
observational studies were critically appraised using the
STROBE (Strengthening the Reporting of Observational
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Studies in Epidemiology) checklist [13]. This 22-item
checklist evaluates the reporting of key elements in
observational research, including the title, abstract,
introduction, methods, results, and discussion sections. Each
study was assessed, and its overall reporting quality was
noted to inform the interpretation of findings.

Synthesis of Results

Due to heterogeneity in study designs, CEUS parameters
measured and outcome measures reported across the
included studies, a quantitative meta-analysis was deemed
inappropriate. Instead, a narrative synthesis approach was
employed. A data extraction table was created to summarize
key information from each included study, including: first
author, publication year, country of origin, study design,
sample size, patient/tumor characteristics, specific CEUS
parameters analyzed (e.g., enhancement patterns, time-
intensity curve parameters) and the primary diagnostic
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outcomes (e.g., sensitivity, specificity, accuracy in
differentiating tumor types). Findings were thematically
synthesized to describe the evidence on the diagnostic
performance of CEUS for salivary gland lesions.

RESULTS

Study Selection:

The search yielded 78 records. After screening, eight studies
met the inclusion criteria (Figure 1). Excluded studies were
irrelevant or did not meet the date/language criteria.

Results of Individual Studies:

All included studies reported CEUS as a useful tool for
differentiating benign from malignant salivary gland
lesions. Key features included enhancement patterns,
margin  characteristics, and quantitative perfusion
parameters. Detailed findings are summarized in Table 1.

Table 1 — An overview

Lesions of the

Salivary Glands

Author Title Journal Outcome
Karolina Krupa, Correlations between | Krupa K, Wieczorek P, | Contrast-enhanced
Patryk Wieczorek, Contrast-Enhanced Scrinscaia O, Puzio A, | ultrasonography is a
Olga Scrinscaia, Ultrasound Imaging | Koztowski Z, Pietruszewska W, | promising tool for
Anna Puzio, and Histopathological | Stefanczyk L. Correlations | preoperative
Zbigniew Koztowski, Results in Salivary | between contrast-enhanced | diagnostics.
Wioletta Pietruszewska and | Gland Lesions ultrasound imaging and
Ludomir Stefanczyk histopathological  results in
salivary gland lesions.
Diagnostics. 2022 Oct
31;12(11):2636. doi:
10.3390/diagnostics1211
2636.
Yanqing Wang, Fang | Clinical = Diagnostic | Wang Y, Nie F, Wang P. Clinical | CEUS has important
Nie, Peihua Wang Application of | Diagnostic ~ Application  of | clinical value in
Contrast-Enhanced Contrast-Enhanced Ultrasound | distinguishing benign
Ultrasound in Focal | in Focal Lesions of the Salivary | and malignant

Glands. Journal of Ultrasound in
Medicine. 2022
Oct;41(10):2535-46. doi:
10.1002/jum.15943.

salivary glands

Liuhong Shi, Dingting
Wu, Xu Yang, Caoxin
Yan, Pintong Huang

Contrast-Enhanced

Ultrasound and Strain
Elastography for
Differentiating Benign

Shi L, Wu D, Yang X, Yan C,
Huang P. Contrast-Enhanced
ultrasound and strain
elastography for differentiating
benign and malignant Parotid

CEUS is valuable for
distinguishing MPT
from BPT
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and Malignant Parotid
Tumors

tumors. Ultraschall in der
Medizin-European Journal of
Ultrasound. 2023
Aug;44(04):419-27.

doi: 10.1055/a-1866-4633

Marta  Rogalska, Lukasz
Antkowiak, Anna
Kasperczuk, Wojciech
Scierski

Contrast-Enhanced
Ultrasound in the

Differentiation
between the Most
Common Benign
Parotid Gland
Tumors: A Systematic
Review and Meta-
Analysis

Rogalska M, Antkowiak L,
Kasperczuk A, Scierski W.
Contrast-enhanced ultrasound in
the differentiation between the
most common benign parotid
gland tumors: a systematic
review and  meta-analysis.
Journal of Clinical Medicine.
2022 Dec  12;11(24):7360.
doi: 10.3390/jcm11247360

CEUS measurements
have a  greater
potential to
distinguish PAs from
WTs

Salahaden R Sultan,
Mohammed  AlKharaiji,
Shahad H Rajab

Diagnosis of parotid
gland tumours with
Contrast-Enhanced
Ultrasound: a
systematic review and
meta-analysis

Sultan SR, AlKharaiji M, Rajab
SH. Diagnosis of parotid gland

tumours with Contrast-
Enhanced Ultrasound: a
systematic review and meta-
analysis. Medical

Ultrasonography. 2022 May
25;24(2):211-8.
Doi: 10.11152/mu-3119.

CEUS is promising
in differentiating
benign parotid
tumours from
malignancies.

M.T. Fontanilla Echevestea,
T. Ripollés Gonzilez, E.
Aguirre Pascual

Contrast-enhanced
ultrasound
fundamentals: the
pharmacodynamics
and pharmacokinetics
of contrast. Basics of
contrast-enhanced
ultrasound imaging

Echeveste MF, Gonzalez TR,
Pascual EA. Contrast-enhanced
ultrasound fundamentals: the
pharmacodynamics and
pharmacokinetics of contrast.
Basics of contrast-enhanced
ultrasound imaging. Radiologia
(English Edition). 2024 Oct
1;66:S36-50. doi:
10.1016/j.rxeng.2024.

10.003.

contrast-enhanced
ultrasound, the
different ways to
optimise the image

Daisuke Saito, Kiyoto
Shiga, Katsunori

Katagiri, Shin-ichi

Oikawa, Aya Tkeda, Kodai
Tsuchida, Jun

Miyaguchi, Takahiro
Kusaka, Hidekatsu
Kuroda, Fumiaki Takahashi

Contrast-enhanced
ultrasonography  for
the differential
diagnosis of
pleomorphic
adenomas and Warthin
tumors in salivary
glands

Saito D, Shiga K, Katagiri K,
Oikawa SI, Ikeda A, Tsuchida K,
Miyaguchi J, Kusaka T, Kuroda
H, Takahashi F. Contrast-
enhanced ultrasonography for
the differential diagnosis of

pleomorphic adenomas and
Warthin tumors in salivary
glands. Laryngoscope
investigative  otolaryngology.
2021 Jun;6(3):425-31.

doi: 10.1002/1i02.565

CEUS is helpful for

the differential
diagnosis of
pleomorphic

adenomas and

Warthin tumors.
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Bao, Long Wan Contrast-Enhanced [Retracted]  Application  of | ultrasound has

Ultrasound Combined | Contrast-Enhanced Ultrasound | advantages in

with Elastic Imaging | Combined with Elastic Imaging | differentiating benign

Technology in | Technology in Differential | and malignant

Page | 5 Differential Diagnosis | Diagnosis of Salivary Gland | enlarged lymph
of Salivary Gland | Tumors. Journal of Healthcare | nodes.

Hong Chen, Xinyu

Application of

Tumors

Chen H, Bao X, Wan L.

Engineering.

Contrast-enhanced

2022;2022(1):4600751.
doi: 10.1155/2022/4600751

eldentification
«Records identified through database searching (n = 78)

eScreening
«Records after duplicates removed (n = 65)

«Eligibility
oFull-text articles assessed for eligibility (n = 15)

eIncluded
«Studies included in qualitative synthesis (n = 8
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DISCUSSION

Salivary gland tumors account for approximately 3% of
head and neck tumors.! About 80% of salivary gland tumors
are in the parotid gland and less frequently in the
submandibular, sublingual, and minor salivary glands.?
Benign tumors account for more than 80% of these tumors,
with pleomorphic adenomas (PAs) being the most common.
The common malignant tumors are mucoepidermoid
carcinoma and adenoid cystic carcinoma.’

Currently, surgery is often used to treat salivary gland
tumors, but the surgical approach often varies between
different types of tumors.*

The preoperative differential diagnosis of benign and
malignant salivary gland lesions is of great importance in
selecting the surgical approach and improving the quality of
life of patients after surgery.’

Imaging is often used for the preoperative diagnostic
evaluation of salivary gland tumors. Common imaging
methods include ultrasound, computed tomography,
magnetic resonance imaging (MRI), nuclide imaging, and
positron emission tomography-computed tomography.®
Conventional ultrasound, considered to be the imaging
modality of choice for the evaluation of salivary gland
tumors, is a safe, non-invasive, economical, and convenient
method.”

However, it is difficult to determine the benignity or
malignancy of the lesion and the histotype of the lesion by
the conventional ultrasound indices alone, and the
conventional ultrasound signs often overlap and have
limited discriminatory ability.®

In recent years, contrast-enhanced ultrasound (CEUS), an
important ultrasound modality, has played an important role
in the differential diagnosis of focal lesions in the liver,
thyroid, breast, and other organs °

Contrast-enhanced ultrasound (CEUS) is a technique with
numerous applications for the study of different disorders,
which is both accepted and recommended in clinical and
radiological guidelines. '

Intravenous ultrasound contrast, solely with intravascular
distribution, provides information about blood vessels and
enables vascular studies to be performed and the
vascularisation of different organs and lesions to be
dynamically assessed, improving the sensitivity and
specificity of basic ultrasound (B-mode and Doppler) and
adding complementary information to other contrast
imaging techniques.'!
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Being a portable, real-time, repeatable, and highly
enhancement-sensitive  examination, CEUS provides
reliable diagnoses made quickly, in any location, without
having to move patients (ICU, intraoperative ultrasound).'?

Ultrasound contrast agents - First-generation
First-generation ultrasound contrast agents contained
microbubbles of air dissolved in blood when exposed to
acoustic pressure in the ultrasound field. First-generation
contrast agents were therefore present in the bloodstream for
a limited time. Examples include: Levovist (Bayer AG). .!3
Second-generation - Second-generation contrast agents
include microbubbles of perfluorocarbon, nitrogen gas, or
sulfur hexafluoride stabilized in a phospholipid
membrane. '
The bubbles oscillate when exposed to the ultrasound beam
(they are being compressed by the effect of positive pressure
created by the ultrasound waves, and they expand in the
negative pressure phase).'?
The compression of the gas is greater than the expansion,
which creates a non-linear response (echo). This greatly
affects ultrasound backscatter and increases vascular
contrast similarly to intravenous contrast media used in CT
and MRI.'®
Examples of ultrasound contrast agents (brand names)
available commercially:'’

e Definity/Luminity (Lantheus Medical Imaging)

e  Optison (GE Healthcare)

e Sonazoid (GE Healthcare)

e Lumason/SonoVue (Bracco)
SonoVue is a purely intravascular (blood pool) contrast
agent; therefore, it allows assessment of the vascularity and
non-specific contrast agent retention of lesions. Due to its
widespread approval, it is by far the most utilized ultrasound
contrast agent. '8
The ultrasound contrast used in Spain for non-cardiological
purposes is sulphur hexafluoride (SF6), marketed under the
name SonoVue. It is an inert gas, slightly soluble in blood
and water in the form of microbubbles and surrounded by a
lipid membrane. '
Each SonoVue package contains a 25 mg vial of freeze-dried
powder containing the active ingredient and the other
components of the molecule, and 5 ml of sterile 0.9% saline
solution pre-filled in a syringe for injection into the vial.?
The contrast is reconstituted by mixing the saline solution
with the powder and shaking vigorously for 20 seconds to


https://radiopaedia.org/articles/levovist?lang=us
https://radiopaedia.org/articles/nitrogen?lang=us
https://radiopaedia.org/articles/contrast-medium?lang=us

Page | 7

obtain a milky-looking microbubble suspension. Once
reconstituted, it is chemically and physically stable for six
hours, but must be shaken for 20 seconds before each
administration.?!

Intravenous is the most common application. The
reconstituted and pre-shaken contrast is administered as a
bolus through a peripheral line with a <20 Gauge lumen or
through a central line, pushed by a 5 - 10 ml bolus of normal
saline solution.??

Intracavitary route - The contrast can be administered in
physiological or nonphysiological cavities, mixing it with
normal saline or water.”

The dose of contrast and the amount of saline or water to be
administered depend on the volume of the cavity to be
examined. As the volume of any cavity is less than the
volume of the entire blood flow, the dose to be administered
is lower than for intravascular use %*

Contrast-enhanced ultrasound imaging is based on the
microbubbles being subjected to a sound field and
oscillating through their elastic membrane.?

The oscillation, which is not linear, causes emission of
harmonic signals, which are used to obtain the CEUS
image.?

To obtain the image, specific programs are used that allow
resonance of the bubble without breaking it: they are preset
to a low mechanical index (MI) for the incident sound beam,
a parameter that is related to the acoustic power.?’

The scan is performed in real time, and the dynamics of the
enhancement are seen throughout the duration of the
microbubbles (3—5 min). This allows CEUS to detect
enhancements in the early arterial phase, which may go
unnoticed on CT or MRI.%

Ultrasound imaging has also started to benefit from the use
of contrast agents that take the form of microbubbles.
Microbubbles are bubbles of gas that are smaller than red
blood cells.?

Microbubbles are changing the perception and utilization of
ultrasound today. They enable a greater range of diagnostic
applications as well as extend the use of ultrasound to
therapeutics 3

The unique acoustic properties of the microbubbles enable
them to produce high-frequency echoes (harmonics) that
can be used to enhance the ultrasound images and aid in
therapeutic endeavors 3!

They observed during an echocardiographic examination
that agitated saline injection into the left ventricle of the
heart produced strong echoes in the aorta.>
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The agitated saline solution had air bubbles that changed the
ultrasound image being produced. However, the natural
solubility (instability) and size of the gas bubbles limited
their use as a contrast agent for the heart.*

Since then, other types of microbubbles have been found
with desirable properties for ultrasonography. Microbubbles
have been improved to increase the time they last in the
blood.>*

The two major enhancements made to microbubbles are: (i)
encapsulating the bubbles in a thin film to prevent the gas or
air from dissolving in the blood, and (ii) using gases other
than air that take longer to escape the protective film.*

In 1984, the first stable encapsulated microbubble was
produced from human serum albumin insonation. It had the
benefit that it could cross the pulmonary capillary network,
as its size was comparable to that of red blood cells (RBC).
36

These microbubbles (2-6mm in diameter) are dense,
hydrophobic gases encapsulated by a shell composed of
galactose, albumin, lipid, or polymers.’

A higher density of gases like perfluorocarbons and sulfur
hexafluoride makes them last longer in circulation because
of their slow diffusion across the capsule membrane and less
solubility in the blood, thus increasing microbubble stability
over a longer period.*

The choice of size for clinical microbubbles is determined
by the diameter of the pulmonary capillaries.*

In practice, this means that they must be smaller than 7 mm
in diameter. Both the gas they contain and the stabilising
shell are critical to their effectiveness as contrast agents *°
The first widely used agent, Albunex, had an albumen shell
and contained air; it was mainly used in cardiology. Levovis,
the first agent for general use, is made of galactose
microcrystals whose surfaces provide nidation sites on
which air bubbles form when they are suspended in water.*!
A family of perfluoro gas-containing agents, such as
SonoVue and perflutren, that use phospholipids as the
membrane is the most important in clinical practice.*?

The change in density at the surface of a bubble in plasma
represents a major impedance mismatch, and the
echogenicity this produces is exploited in the uses of
microbubbles to improve Doppler studies, so-called
“Doppler rescue”. .*

The increase in the signals from blood is obvious and useful
for Doppler, but is not visible on conventional grey-scale
imaging because the microbubble concentration is too low.*
They vibrate most readily at a particular frequency, their
resonance frequency. For microbubbles less than 7 um in
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diameter, this corresponds to the frequencies used in
diagnostic ultrasound (2-10 MHz). .4

With low acoustic powers, symmetrical oscillations occur,
and the frequency of the scattered signals is the same as the
transmitted pulse.*®

This response is said to be “non-linear,” and the returning
signals contain multiples of the insonating frequency *’

At still higher powers, the microbubbles are disrupted and
dissolved. Harmonics may be used to image US contrast
agents by passing the signals through a low-pass filter that
removes the fundamental signals.*®

However, tissues also produce harmonics, especially when
higher acoustic powers are used, and distinguishing between
them is challenging *°

Modified colour Doppler software has been developed to
optimise the display with an emphasis on improving spatial
resolution. Known as stimulated acoustic emission (SAE), it
is particularly successful in the late phase using contrast
agents that selectively accumulate in the liver and spleen 3
The phase inversion mode (PIM) was a key development in
that it uses wide-band pulses and thus retains the spatial
resolution of conventional imaging. The returning echoes
are summed, thus cancelling the linear echoes because they
are out of phase, leaving only the non-linear signals to form
the image.”!

CEUS examination - Perform a standard detailed
examination of the target structure of interest and
surrounding anatomy using conventional ultrasound
imaging tools (B-mode, colour/power Doppler, spectral
Doppler, 3D). .*

Identify the most favourable acoustic window considering
anatomical and acoustic features, including target depth,
characteristics of overlying tissues, and the presence of
artifacts 33

The advantage of ultrasound over CT and MRI is the ability
to continuously observe the contrast behaviour rather than
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recording snapshots at specific time intervals that may not
accurately represent the physiology of the patient.>*

It is recommended that the CEUS examination be observed
in real-time without the interruption and distraction of
freezing, labelling, measuring, and recording still images.
Representative video clips, still images, and measurements
can be post-processed and stored after the examination 3

POTENTIAL USE

Sentinel lymph node (SLN) detection - Lymphosonography,
or CEUS-guided SLN detection, as a technique for
demonstrating lymphatic drainage, has been introduced in
some experimental studies >

In this procedure, transcutaneous injection of a UCA is
performed, and CEUS is used to identify draining lymphatic
channels and SLNs. This use of CEUS is technically
feasible, as was demonstrated by various studies.®’

Drug or gene delivery - The microbubble contrast agent
interacts with the acoustic wave in the acoustic field. The
contrast agent itself will serve as a cavitation nucleus and
lower the threshold level for cavitation >

Molecular imaging - Techniques for non-invasive imaging
of specific disease-related molecular changes are being
developed to enhance diagnosis and therapeutic decision-
making. >

Molecular imaging with CEUS relies on the detection of the
acoustic signal produced by microbubble or nanoparticle
agents that are targeted to the sites of disease.®

The potential use of CEUS-based molecular imaging in
atherosclerosis, post-ischemic inflammation, angiogenesis,
transplant rejection, and thrombus formation has been
investigated and is undoubtedly an important development
trend ©!
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TABLE 2: Advantages of CEUS 62

Safety:

v No ionising radiation,

v" Not nephrotoxic

v Can be performed in a patient with
compromised renal function

v' Extremely low contrast allergy risk

v No need to check liver or renal function tests
before imaging

Diagnostic confidence:

v Characterises pathologies indeterminate on
conventional US

v Identifies pathologies
conventional US

v Characterises pathologies indeterminate on
CT and MRI

v Unlimited opportunity to follow up

undetectable on

Real-time:
v Real-time, dynamic, continuous observation
v' Avoids discontinuous jumping from phase to
phase, unlike CT and MRI
v Patient movement does not affect imaging
v' Allows instant cavitation of microspheres
and repeated observation

Cost effectiveness:
v Significantly cheaper than CT or MRI
v' Cheaper than repeating a conventional
ultrasound
Superior Resolution:
v’ Higher spatial resolution than CT or MRI
v' Allows characterisation of lesions that are
too small for CT or MRI

Patient Friendly:
v Suitable for a variety of patients:
v" Renal impairment
v Past CT contrast allergy
v Claustrophobia
v Unable to lie still (Parkinsonian,

neurological problems)
Unable to lie flat
On ventilator

AN

Excellent Guidance Modality:

v" Guides interventional procedures such as
biopsy, radiofrequency, microwave, or
chemical ablation

v Identifies lesions that are isoechoic on B-
mode

v Can be combined with fusion imaging

About parotid tumors, pleomorphic adenoma (PA) and
Warthin tumor (WT) comprise the vast majority (83—-93%)
of all benign tumors. Malignant lesions are relatively rare
and have a variety of histopathological subtypes.®

Previous studies have shown that sono-elastography and
CEUS could provide useful and progressive information for
accurate diagnosis between tumors in many organs,
including the thyroid, breast, and parotid. Sonoelastography
is an innovative diagnostic tool for assessing tissue elasticity
and stiffness

Known data on the value of sonoelastography in diagnosing
malignant parotid tumors showed a wide range in sensitivity
(38-100%) and specificity (26-97%). A meta-analysis
revealed a low pooled sensitivity and specificity for
differentiating benign and malignant parotid lesions.®
CEUS represents another relatively new, promising
ultrasound technique for the head and neck to describe the
microvascularity of lesions. Numerous studies have reported
that CEUS can differentiate between benign and malignant
lesions.%

Previous studies also revealed that heterogeneous
enhancement indicated the presence of malignant lesions.
This may be due to the inclusion of a relatively small
number of malignant lesions and all types of malignant
lesions in previous studies.®’

In addition, overlap characteristics in benign and malignant
lesions have been found in the use of SE and CEUS alone.
Some studies have shown that combining sonoelastography
and CEUS improved the diagnostic efficacy of malignant
lesions in multiple organs.%®

However, the diagnostic power of SE plus CEUS has not
been assessed in the parotid. In the present study, SE
combined with CEUS significantly increased the sensitivity
of malignant lesions, and the specificity did not significantly
decrease.”’

Limitations - Contrast-enhanced ultrasound imaging has the
limitations of any ultrasound: window and depth limitations
(especially in the case of hepatic steatosis). .

It also has a size limitation: it depends on the probe, the
organ, and the conditions, but, in general, lesions smaller
than 3—5 mm are not detected, and characterising lesions
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smaller than 8 mm can be difficult, even if they are
detected.”!

Another limitation is the multiplicity of lesions, as it is very
difficult to study all the lesions in all phases if they are not
in the same plane, such that the advantage of the temporal
resolution of CEUS compared to CT and MRI, being a real-
time examination and seeing all phases, has the
disadvantage of limited spatial resolution 7>

Authors reporting that in benign tumours parotid gland
demonstrated with clear delineation, lack of cervical
lymphadenopathy, = homogeneous  vascularity, and
homogeneous distribution of the circulatory bed, whereas
malignancy is demonstrated with unclear delineation of the
gland, the presence of large cervical lymphadenopathy,
inhomogeneous vascularization, and uneven distribution of
the circulatory bed 7

However, overlap characteristics in benign and malignant
tumors have been reported in which both types demonstrated
hypervascularity with homogenous and inhomogeneous
contrast enhancement 7

This suggests that values of CEUS parameters in benign
tumours differ depending on their type, which affects the
overall outcome of comparison between benign and
malignant tumors 7

CONCLUSION

The CEUS enhancement of the salivary gland masses
revealed several unique features that could provide useful
diagnostic data. However, further research and experience
are required for the qualitative diagnosis of salivary gland
masses. Diagnostic accuracy can be significantly increased
in clinical practice when CEUS is used in conjunction with
the case history and traditional ultrasound examination.
CEUS is a diagnostic process that can be crucial to follow-
up imaging as well as the planning, execution, and
monitoring of therapies. As a result, this method has many
potential clinical applications in everyday practice. The
overall benefits of CEUS imaging are combined with the
potential for integrated access to data from additive CT or
MRI for follow-up, treatment, and detection through CEUS
and image fusion.

Acknowledgments
The authors thank the library staff of PSP Medical College
for assistance with literature retrieval.

5 S
{hes .
Wemes i ’

Alraca

Student’s Journal of Health Research Africa
e-ISSN: 2709-9997, p-ISSN: 3006-1059

Vol.6 No. 12 (2025): December 2025 Issue
https://doi.org/10.51168/sjhrafrica.v6i12.2203
Review Article

List of Abbreviations

CEUS — Contrast-Enhanced Ultrasound

PA — Pleomorphic Adenoma

WT — Warthin Tumor

MPT — Malignant Parotid Tumor

BPT — Benign Parotid Tumor

US — Ultrasound

STROBE - Strengthening the Reporting of Observational
Studies

Source of Funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.

Conflict of Interest
The authors declare no conflict of interest.

Availability of Data
Data supporting this review are available within the included
articles.

Author Contributions

Dr. D. G. Dharanidharan: Conceptualization, Writing —
Review & Editing.

Dr. Karthik Shunmugavelu: Methodology, Formal Analysis,
Writing — Original Draft.

Dr. Evangeline Cynthia Dhinakaran:
Validation, Writing — Review & Editing.

Data Curation,

Authors’ Biographies

Dr. D. G. Dharanidharan is a radiologist in private practice
with expertise in advanced ultrasonography and imaging
diagnostics.

Dr. Karthik Shunmugavelu is an Assistant Professor and
Consultant in Oral and Maxillofacial Pathology, with
extensive research experience in head and neck imaging and
pathology.

Dr. Evangeline Cynthia Dhinakaranis an Assistant
Professor of Pathology, specializing in histopathological
correlation with imaging findings.

REFERENCES:
1. Zernial O, Springer IN, Warnke P, Hérle F, Risick
C, Wiltfang J. Long-term recurrence rate of
pleomorphic adenoma and postoperative facial
nerve paresis (in parotid surgery). Journal of



Page | 11

Cranio-Maxillofacial
1;35(3):189-92.
https://doi.org/10.1016/j.jcms.2007.02.003

Patil P, Burde K, Naikmasur VG, Thorawat A.
Pleomorphic adenoma of submandibular gland: A
case report with review of literature. Dental
research journal. 2014 May;11(3):411. doi:
10.4103/1735-3327.135934

Guo JM, Chen Q, Wu H, Feng LT, Chen J, Chao
WB. Differential diagnosis between acinic cell
carcinoma and pleomorphic adenoma using the
quantitative parameters of contrast-enhanced
ultrasound. European Review for Medical &
Pharmacological Sciences. 2021 Feb 15;25(4).
doi: 10.26355/eurrev_202102_25093

Durot I, Wilson SR, Willmann JK. Contrast-
enhanced ultrasound of malignant liver lesions.
Abdominal Radiology. 2018 Apr;43(4):819-47.
https://doi.org/10.1007/s00261-017-1360-8

Zhan J, Ding H. Application of contrast-enhanced
ultrasound for evaluation of thyroid nodules.
Ultrasonography. 2018 Oct 1;37(4):288-97.
https://doi.org/10.14366/usg. 18019

Hu Z, Cheng X, Li J, Jiang J, Jiang Z, Li H, Li T,
Zhang Z, Tan B, Lu M. Preliminary study of real-
time three-dimensional contrast-enhanced
ultrasound of sentinel lymph nodes in breast
cancer. European Radiology. 2020
Mar;30(3):1426-35.
https://doi.org/10.1007/s00330-019-06494-0
Xing Z, Wang J, Ke H, Zhao B, Yue X, Dai Z, Liu
J. The fabrication of a novel nanobubble
ultrasound contrast agent for potential tumor
imaging. Nanotechnology. 2010 Mar
11;21(14):145607. https://doi.org/10.1088/0957-
4484/21/14/145607

Saito D, Shiga K, Katagiri K, Oikawa SI, Tkeda A,
Tsuchida K, Miyaguchi J, Kusaka T, Kuroda H,
Takahashi F. Contrast-enhanced ultrasonography
for the differential diagnosis of pleomorphic
adenomas and Warthin tumors in salivary glands.
Laryngoscope investigative otolaryngology. 2021
Jun;6(3):425-31. https://doi.org/10.1002/1i02.565
Wilson SR, Burns PN. Microbubble contrast for
radiological imaging: 2. Applications. Ultrasound
Quarterly. 2006 Mar 1;22(1):15-8. PMID:
16641789

Surgery. 2007  Apr

g s
flex
Neu .../

Alraca

Student’s Journal of Health Research Africa

e-ISSN: 2709-9997, p-ISSN: 3006-1059

Vol.6 No. 12 (2025): December 2025 Issue
https://doi.org/10.51168/sjhrafrica.v6i12.2203

10.

11.

12.

13.

14.

15.

16.

17.

Review Article

Dietrich CF, Nolsege CP, Barr RG, Berzigotti A,
Burns PN, Cantisani V, Chammas MC, Chaubal N,
Choi BI, Clevert DA, Cui X. Guidelines and good
clinical practice recommendations for contrast-
enhanced ultrasound (CEUS) in the liver-update
2020-WFUMB in cooperation with EFSUMB,
AFSUMB, AIUM and FLAUS. Ultraschall in der
Medizin-European Journal of Ultrasound. 2020
Oct;41(05):562-85.
https://doi.org/10.1016/j.ultrasmedbio.2020.04.03
0

Dietrich CF, Averkiou M, Nielsen MB, Barr RG,
Burns PN, Calliada F, Cantisani V, Choi B,
Chammas MC, Clevert DA, Claudon M. How to
perform contrast-enhanced ultrasound (CEUS).
Ultrasound International Open. 2018
Jan;4(01):E2-15. https://doi.org/10.1055/s-0043-
123931

Esposito F, Di Serafino M, Sgambati P,
Mercogliano F, Tarantino L, Vallone G, Oresta P.
Ultrasound contrast media in paediatric patients: is
it an off-label use? Regulatory requirements and
radiologist's liability. La radiologia medica. 2012
Feb;117(1):148-59.
https://doi.org/10.1007/s11547-011-0718-1
Wilson SR, Greenbaum LD, Goldberg BB.
Contrast-enhanced ultrasound: what is the
evidence and what are the obstacles?. American
Journal of Roentgenology. 2009 Jul;193(1):55-60.
https://doi.org/10.2214/AJR.09.2553

Malhi H, Grant EG, Duddalwar V. Contrast-
enhanced ultrasound of the liver and kidney.
Radiologic Clinics. 2014 Nov 1;52(6):1177-90.
https://doi.org/10.1016/j.rc1.2014.07.005
Erlichman DB, Weiss A, Koenigsberg M, Stein
MW. Contrast-enhanced ultrasound: A review of
radiology applications. Clinical Imaging. 2020
Apr 1;60(2):209-15.
https://doi.org/10.1016/j.clinimag.2019.12.013
WuM, LiL, Wang J, Zhang Y, Guo Q, Li X, Zhang
X. Contrast-enhanced US for characterization of
focal liver lesions: a comprehensive meta-analysis.
European radiology. 2018 May;28(5):2077-88.
https://doi.org/10.1007/s00330-017-5152-x

Won SY, Singh N, Lim BG, Stella D, Gibson R.
Hepatic contrast-enhanced ultrasound: Impact of
its introduction in the Australian context. Journal
of Medical Imaging and Radiation Oncology. 2014



Page | 12

18.

20.

21.

22.

23.

24.

25.

Feb;58(1):38-45.
9485.12093
Greis C. Technology overview: SonoVue (Bracco,
Milan). European radiology. 2004 Oct 1;14:P11-5.
PMID: 15700328 https://doi.org/10.1007/s10406-
004-0076-3

https://doi.org/10.1111/1754-

. QuE, Zhang M, Ju J, Chen Y, Lin X, Zhang X. Is

hysterosalpingo-contrast sonography (HyCoSy)
using sulfur hexafluoride microbubbles (SonoVue)
sufficient for the assessment of fallopian tube
patency? A systematic review and meta-analysis.
Journal of Ultrasound in Medicine. 2023
Jan;42(1):7-15. https://doi.org/10.1002/jum.15988
Nicolau C, Vilana R, Catala V, Bianchi L, Gilabert
R, Garcia A, Bru C. Importance of evaluating all
vascular phases on contrast-enhanced sonography
in the differentiation of benign from malignant
focal liver lesions. American Journal of
Roentgenology. 2006 Jan;186(1):158-67.
https://doi.org/10.2214/AJR.04.1009

Calvo V, Gonzalez L, Martinez-Moya M, Navas
MG, Benjumea MC, Llorente SF. 3D
Hysterosalpingo-contrast sonography: Description
of the technique and results. Progresos de
Obstetricia y Ginecologia. 2018;61(1):31-8.(doi:
not available)

Yusuf GT, Fang C, Huang DY, Sellars ME,
Deganello A, Sidhu PS. Endocavitary contrast-
enhanced ultrasound (CEUS): a novel problem-
solving technique. Insights into imaging. 2018
Jun;9(3):303-11. https://doi.org/10.1007/s13244-
018-0601-x

Sidhu PS, Cantisani V, Dietrich CF, Gilja OH,
Saftoiu A, Bartels E, Bertolotto M, Calliada F,
Clevert DA, Cosgrove D, Deganello A. Die
EFSUMB-Leitlinien und Empfehlungen fiir den
klinischen  Einsatz des kontrastverstarkten
Ultraschalls (CEUS) bei nicht-hepatischen
Anwendungen: Update 2017 (Langversion).
Ultraschall in der Medizin. 2018 Mar 6;39(2):e2-
44, https://doi.org/10.1055/a-0586-1107

Burns PN, Wilson SR. Microbubble contrast for
radiological imaging: 1. Principles. Ultrasound
Quarterly. 2006 Mar 1;22(1):5-13. PMID:
16641788

Burrowes DP, Medellin A, Harris AC, Milot L,
Wilson SR. Contrast-enhanced US approach to the
diagnosis of focal liver masses. Radiographics.

g s
flex
Neu .../

Alraca

Student’s Journal of Health Research Africa

e-ISSN: 2709-9997, p-ISSN: 3006-1059

Vol.6 No. 12 (2025): December 2025 Issue
https://doi.org/10.51168/sjhrafrica.v6i12.2203

26.

27.

28.

29.

30.

31.

32.

33.

Review Article

2017 Sep;37(5):1388-400.
https://doi.org/10.1148/rg.2017170034

Ignee A, Jedrejczyk M, Schuessler G, Jakubowski
W, Dietrich CF. Quantitative contrast-enhanced
ultrasound of the liver for time intensity curves-
reliability and potential sources of errors.
European journal of radiology. 2010 Jan
1;73(1):153-8.
https://doi.org/10.1016/j.ejrad.2008.10.016
Dietrich CF, Correas JM, Cui XW, Dong Y, Havre
RF, Jenssen C, Jung EM, Krix M, Lim A, Lassau
N, Piscaglia F. EFSUMB Technical Review-
Update 2023: dynamic contrast-enhanced
ultrasound (DCE-CEUS) for the quantification of
tumor perfusion. Ultraschall in der Medizin-
European  Journal of Ultrasound. 2024
Feb;45(01):36-46. https://doi.org/10.1055/a-2157-
2587

Gramiak R, Shah PM. Echocardiography of the
aortic root. Investigative radiology. 1968 Sep
1;3(5):356-66. https://doi.org/10.1097/00004424-
196809000-00011

Rumack CM, Wilson SR, William J, Levine D.
Diagnostic ultrasound, 4th edition. Chapter 9: the
kidney and urinary tract. 2011:317-91.(doi: not
available)

Malone CD, Fetzer DT, Monsky WL, Itani M,
Mellnick VM, Velez PA, Middleton WD, Averkiou
MA, Ramaswamy RS. Contrast-enhanced US for
the interventional radiologist: current and
emerging applications. Radiographics. 2020
Mar;40(2):562-88.
https://doi.org/10.1148/rg.2020190183

Steinl DC, Kaufmann BA. Ultrasound imaging for
risk assessment in atherosclerosis. International
journal of molecular sciences. 2015 Apr
29;16(5):9749-69.

https://doi.org/10.3390/ijms 16059749

Hua X, Liu P, Gao YH, Tan KB, Zhou LN, Liu Z,
Li X, Zhou SW, Gao YJ. Construction of
thrombus-targeted microbubbles carrying tissue
plasminogen activator and their in vitro
thrombolysis efficacy: a primary research. Journal
of  thrombosis and thrombolysis. 2010
Jul;30(1):29-35. https://doi.org/10.1007/s11239-
010-0450-z

Hernot S, Klibanov AL. Microbubbles in
ultrasound-triggered drug and gene delivery.



Page | 13

34.

35.

36.

3.

38.

39.

40.

41.

42,

Advanced drug delivery reviews. 2008 Jun
30;60(10):1153-66.
https://doi.org/10.1016/j.addr.2008.03.005
Lindner JR, Kaul S. Delivery of drugs with
ultrasound. Echocardiography. 2001
May;18(4):329-37.
https://doi.org/10.1046/j.1540-8175.2001.00329.x
Yao L, Song Q, Bai W, Zhang J, Miao D, Jiang M,
Wang Y, Shen Z, Hu Q, Gu X, Huang M.
Facilitated brain delivery of poly (ethylene
glycol)-poly (lactic acid) nanoparticles by
microbubble-enhanced unfocused ultrasound.
Biomaterials. 2014 Mar 1;35(10):3384-95.
https://doi.org/10.1016/j.biomaterials.2013.12.04
3

Jiang N, Xie B, Zhang X, He M, Li K, Bai J, Wang
Z, He J, Zhang L. Enhancing ablation effects of a
microbubble-enhancing contrast agent
("SonoVue") in the treatment of uterine fibroids
with  high-intensity focused ultrasound: a
randomized controlled trial. Cardiovascular and
interventional radiology. 2014 Oct;37(5):1321-8.
https://doi.org/10.1007/s00270-013-0803-z
Ajmal S. Contrast-enhanced ultrasonography:
review and applications. Cureus. 2021 Sep
24;13(9). https://doi.org/10.7759/cureus.18243
Calliada F, Campani R, Bottinelli O, Bozzini A,
Sommaruga MG. Ultrasound contrast agents:
basic principles. European journal of radiology.
1998 May;27:S157-60.
https://doi.org/10.1016/S0720-048X(98)00057-6
Krishna PD, Newhouse VL. Second harmonic
characteristics of the ultrasound contrast agents
Albunex and FSO69. Ultrasound in medicine &
biology. 1997 Jan 1;23(3):453-9.
https://doi.org/10.1016/S0301-5629(96)00217-7
Schlief R. Ultrasound contrast agents. Current
opinion in radiology. 1991 Apr;3(2):198-207.
PMID: 2049268

Spinazzi A. Emerging clinical applications for
contrast-enhanced  ultrasonography. European
radiology. 2001 Dec 2;11.
https://doi.org/10.1007/PL00014131

Harvey CJ, Blomley MJ, Eckersley RJ, Cosgrove
DO. Developments in ultrasound contrast media.
European radiology. 2001 Mar;11(4):675-89.
https://doi.org/10.1007/s003300000624

g s
flex
Neu .../

Alraca

Student’s Journal of Health Research Africa

e-ISSN: 2709-9997, p-ISSN: 3006-1059

Vol.6 No. 12 (2025): December 2025 Issue
https://doi.org/10.51168/sjhrafrica.v6i12.2203

43.

44,
45.

46.

47.

48.

49.

50.

51.

52.

Review Article

Correas JM, Bridal L, Lesavre A, Méjean A,
Claudon M, Hélénon O. Ultrasound contrast
agents: properties, principles of action, tolerance
and artifacts. European radiology. 2001
Aug;11(8):1316-28. doi: 10.1007/s003300100940.
https://doi.org/10.1007/s003300100940

Schutt EG, Klein DH, Mattrey RM, Riess JG.
Injectable microbubbles as contrast agents for
diagnostic ultrasound imaging: the key role of
perfluorochemicals. Angewandte Chemie
International Edition. 2003 Jul 21;42(28):3218-35.
https://doi.org/10.1002/anie.200200550
Cosgrove D. Advances in contrast agent imaging
using Cadence (TM) contrast pulse sequencing
technology (CPS) and SonoVue (R). EUROPEAN
RADIOLOGY. 2004 Oct 1;14:P1-3. (doi: not
available)

Phillips P, Gardner E. Contrast-agent detection and
quantification. European radiology. 2004 Oct
1;14:P4-10. PMID: 15700327
https://doi.org/10.1007/s10406-004-0075-4
Stride E, Saffari N. Microbubble ultrasound
contrast agents: a review. Proceedings of the
Institution of Mechanical Engineers, Part H:
Journal of Engineering in Medicine. 2003 Jun
1;217(6):429-47.
https://doi.org/10.1243/09544110360729072
Burns P. Harmonic imaging with ultrasound
contrast agents. Clin radiol. 1996;51:50-5. PMID:
8605774

Degenhardt F, editor. Contrast sonography in
gynaecology. Georg Thieme Verlag; 1996.(doi: not
available)

Sidhu PS, Cantisani V, Dietrich CF, Gilja OH,
Saftoiu A, Bartels E, Bertolotto M, Calliada F,
Clevert DA, Cosgrove D, Deganello A. The
EFSUMB guidelines and recommendations for the
clinical practice of contrast-enhanced ultrasound
(CEUS) in non-hepatic applications: update 2017
(long version). Ultraschall in der Medizin-
European  journal of ultrasound. 2018
Apr;39(02):e2-44. https://doi.org/10.1055/a-0586-
1107

Claudon M, Dietrich CF, Choi BI, Cosgrove DO,
Kudo M, Nolsee CP, Piscaglia F, Wilson SR, Barr
RG, Chammas MC, Chaubal NG. Guidelines and
good clinical practice recommendations for
contrast-enhanced ultrasound (CEUS) in the liver-



Page | 14

53.

54.

55.

56.

57.

58.

59.

60.

update 2012. Ultraschall in der Medizin-European
journal of ultrasound. 2013 Feb;34(01):11-29.
ttps://doi.org/10.1016/j.ultrasmedbio.2012.09.002
Piscaglia F, Bolondi L. The safety of Sonovue® in
abdominal applications: Retrospective analysis of
23188 investigations. Ultrasound in medicine &
biology. 2006 Sep 1;32(9):1369-75.
https://doi.org/10.1016/j.ultrasmedbio.2006.05.03
1

Torres A, Koskinen SK, Gjertsen H, Fischler B.
Contrast-enhanced  ultrasound using  sulfur
hexafluoride is safe in the pediatric setting. Acta
Radiologica. 2017 Nov;58(11):1395-9.
https://doi.org/10.1177/0284185117690423
Papadopoulou F, Ntoulia A, Siomou E, Darge K.
Contrast-enhanced voiding urosonography with
intravesical administration of a second-generation
ultrasound contrast agent for diagnosis of
vesicoureteral reflux: prospective evaluation of
contrast safety in 1,010 children. Pediatric
Radiology. 2014 Jun;44(6):719-28.
ttps://doi.org/10.1007/s00247-013-2832-9

Curry JM, Ezzat WH, Merton DA, Goldberg BB,
Cognetti DM, Rosen D, Pribitkin EA. Thyroid
lymphosonography: a novel method for evaluating
lymphatic drainage. Annals of Otology, Rhinology
& Laryngology. 2009  Sep;118(9):645-50.
https://doi.org/10.1177/000348940911800908
Wang Y, Cheng Z, Li J, Tang J. Gray-scale
contrast-enhanced ultrasonography in detecting
sentinel lymph nodes: An animal study. European
Journal of Radiology. 2010 Jun 1;74(3):e55-9.
https://doi.org/10.1016/j.ejrad.2009.03.063

Wang Y, Xu HX, Lu MD, Tang Q. Expression of
thymidine kinase mediated by a novel non-viral
delivery system under the control of vascular
endothelial growth factor receptor 2 promoter
selectively kills human umbilical vein endothelial
cells. World Journal of Gastroenterology: WIG.
2008 Jan 14;14(2):224.
https://doi.org/10.3748/wjg.14.224

Lindner JR. Molecular imaging of cardiovascular
disease with contrast-enhanced ultrasonography.
Nature Reviews Cardiology. 2009 Jul;6(7):475-81.
https://doi.org/10.1038/nrcardio.2009.77
Kaufmann BA, Sanders JM, Davis C, Xie A,
Aldred P, Sarembock 1J, Lindner JR. Molecular
imaging of inflammation in atherosclerosis with

g s
flex
Neu .../

Alraca

Student’s Journal of Health Research Africa

e-ISSN: 2709-9997, p-ISSN: 3006-1059

Vol.6 No. 12 (2025): December 2025 Issue
https://doi.org/10.51168/sjhrafrica.v6i12.2203

61.

62.

63.

64.

65.

66.

67.

68.

Review Article

targeted ultrasound detection of vascular cell
adhesion molecule-1. Circulation. 2007 Jul
17;116(3):276-84.
https://doi.org/10.1161/CIRCULATIONAHA.106
.684738

Xu HX. Contrast-enhanced ultrasound: The
evolving applications. World Journal of
Radiology. 2009 Dec 31;1(1):15.
https://doi.org/10.4329/wjr.v1.il.15

Streb JW, Tchelepi H, Malhi H, Deurdulian C,
Grant EG. Retrospective analysis of contrast-
enhanced ultrasonography effectiveness in
reducing time to diagnosis and imaging-related
expenditures at a single large United States County
Hospital. Ultrasound Quarterly. 2019 Jun
1;35(2):99-102.
https://doi.org/10.1097/RUQ.0000000000000375
Bradley PJ, McGurk M. Incidence of salivary
gland neoplasms in a defined UK population.
British Journal of Oral and Maxillofacial Surgery.
2013 Jul 1;51(5):399-403.
https://doi.org/10.1016/j.bjoms.2012.10.002

Itoh A, Ueno E, Tohno E, Kamma H, Takahashi H,
Shiina T, Yamakawa M, Matsumura T. Breast
disease: clinical application of US elastography for
diagnosis. Radiology. 2006 May;239(2):341-50.
https://doi.org/10.1148/radi0l.2391041676

Zhang YF, Li H, Wang XM, Cai YF.
Sonoelastography  for differential diagnosis
between malignant and benign parotid lesions: a
meta-analysis. European Radiology. 2019
Feb;29(2):725-35.
https://doi.org/10.1007/s00330-018-5609-6

Yang L, Zhao H, He Y, Zhu X, Yue C, Luo Y, Ma
B. Contrast-enhanced ultrasound in the differential
diagnosis of primary thyroid lymphoma and
nodular Hashimoto's thyroiditis in a background of
heterogeneous  parenchyma.  Frontiers in
Oncology. 2021 Jan 7;10:597975.
https://doi.org/10.3389/fonc.2020.597975

Xiang LH, Yao MH, Xu G, Pu H, Liu H, Fang Y,
Wu R. Diagnostic value of contrast-enhanced
ultrasound and shear-wave elastography for breast
lesions of sub-centimeter. Clinical Hemorheology
and Microcirculation. 2017 Oct 12;67(1):69-
80.https://doi.org/10.3233/CH-170250

Sui X, Liu HJ, Jia HL, Fang QM. Contrast-
enhanced ultrasound and real-time elastography in



Page | 15

69.

70.

71.

72.

the differential diagnosis of malignant and benign
thyroid nodules. Experimental and Therapeutic
Medicine. 2016 Aug 1;12(2):783-91.
https://doi.org/10.3892/etm.2016.3344

Lee YJ, Kim SH, Kang BJ, Kim YJ. Contrast-
enhanced ultrasound for early prediction of
response of breast cancer to neoadjuvant
chemotherapy.  Ultraschall in der Medizin-
European  Journal of Ultrasound. 2019
Apr;40(02):194-204.  https://doi.org/10.1055/a-
0637-1601

Huang DY, Yusuf GT, Daneshi M, Ramnarine R,
Deganello A, Sellars ME, Sidhu PS. Contrast-
enhanced ultrasound (CEUS) in abdominal
intervention. Abdominal Radiology. 2018
Apr;43(4):960-76.
https://doi.org/10.1007/s00261-018-1473-8
Micol C, Marsot J, Boublay N, Pilleul F,
Berthezene Y, Rode A. Contrast-enhanced
ultrasound: a new method for TIPS follow-up.
Abdominal imaging. 2012 Apr;37(2):252-60.
https://doi.org/10.1007/s00261-011-9763-4
Rafailidis V, Partovi S, Dikkes A, Nakamoto DA,
Azar N, Staub D. Evolving clinical applications of
contrast-enhanced ultrasound (CEUS) in the

PUBLISHER DETAILS:

A

B NG
f1rs ’
Vemen ’

Student’s Journal of Health Research Africa

e-ISSN: 2709-9997, p-ISSN: 3006-1059

Vol.6 No. 12 (2025): December 2025 Issue
https://doi.org/10.51168/sjhrafrica.v6i12.2203

73.

74.

75.

Review Article

abdominal aorta. Cardiovascular diagnosis and
therapy. 2018 Apr;8(Suppl 1):S118.
https://doi.org/10.21037/cdt

David E, Cantisani V, De Vincentiis M, Sidhu PS,
Greco A, Tombolini M, Drudi FM, Messineo D,
Gigli S, Rubini A, Fresilli D. Contrast-enhanced
ultrasound in the evaluation of parotid gland
lesions: an update of the literature. Ultrasound.
2016 May;24(2):104-10.
https://doi.org/10.1177/1742271X15626611
Fischer T, Paschen CF, Slowinski T, Alkhameri A,
Berl JC, Klingebiel R, Thomas A. Differentiation
of parotid gland tumors with contrast-enhanced
ultrasound. In RoFo-Fortschritte auf dem Gebiet
der Rontgenstrahlen und der bildgebenden
Verfahren 2010 Feb (Vol. 182, No. 02, pp. 155-
162). © Georg Thieme Verlag KG Stuttgart- New
York. doi: 10.1055/s-0028-1109788
https://doi.org/10.1055/5-0028-1109788

Knopf A, Mansour N, Chaker A, Bas M, Stock K.
Multimodal ultrasonographic characterisation of
parotid gland lesions-a pilot study. European
journal of radiology. 2012 Nov 1;81(11):3300-5.
doi: 10.1016/j.ejrad.2012.01.004
https://doi.org/10.1016/j.ejrad.2012.01.004

(ISSN 2709-9997) Online
(ISSN 3006-1059) Print

WhatsApp: +256 775 434 261

Entebbe Uganda, East Africa

Alrica

Student’s Journal of Health Research (SJHR)

Category: Non-Governmental & Non-profit Organization
Email: studentsjournal2020@gmail.com

Location: Scholar’s Summit Nakigalala, P. O. Box 701432,




