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Comparison of Color Doppler Ultrasound Characteristics
between Parotid Mucoepidermoid Carcinoma and Basal Cell
Adenoma
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Knowledge of the color Doppler ultrasound (US) characteristics of parotid malignant mucoepidermoid carcinoma and benign basal cell adenoma
remains limited. To enhance understanding of these two diseases, we retrospectively analyzed 9 cases of surgically and histopathologically
confirmed mucoepidermoid carcinomas and 18 cases of basal cell adenomas. The results revealed that mucoepidermoid carcinomas exhibited
irregular and deeply lobulated shapes in 55.5% of cases, ambiguous margins in 88.8%, and punctuate calcifications in 66.7%. In contrast, basal
cell adenomas demonstrated regular and shallowly lobulated shapes in 72.2% of cases, clear margins in 100%, and calcifications in only 5.6%.
Significant differences were observed in these characteristics between the two tumor types. Therefore, we conclude that the color Doppler US
features closely associated with mucoepidermoid carcinoma include deeply lobulated or irregular shapes, ambiguous margins, and punctate
calcifications. Recognizing these characteristics can facilitate the differential diagnosis of the two kinds of tumors.
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INTRODUCTION

The parotid gland is a superficial organ located anterior to
the ear and the sternocleidomastoid muscle, comprising
a superficial lobe and a deep lobe separated by the plane
through which the facial nerve and its branches traverse,
situated in the retromandibular fossa.! Tumors and other
diseases can occur in the parotid gland, whereas treatment
and prognosis for benign and malignant tumors are different.
Inaccurate diagnosis and treatment of malignant tumors can
lead to severe consequences.® Therefore, accurate diagnosis
is crucial for treatment planning. The gold standard for
diagnosing parotid tumors is histological biopsy, whereas
noninvasive imaging assessments are predominantly
performed using magnetic resonance imaging (MRI) and
computed tomography (CT). Among primary malignant
parotid tumors, mucoepidermoid carcinoma is the most
common and needs to be distinguished from benign parotid
tumors such as Warthin’s tumors, pleomorphic adenomas,
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and basal cell adenomas, among others.®* CT can provide
a comprehensive view of the parotid gland and the tumor,
reveal adjacent bone and deep tissues, and sensitively
detect calcifications within the tumor.’' MRI offers
excellent soft-tissue resolution, enabling visualization of
the margins and regional metastasis of malignant parotid
tumors, as well as the relationship of the tumor to the facial
nerve.!'"'?1 However, in routine clinical practice, color
Doppler ultrasound (US) remains the preferred first-line
imaging modality due to its convenience, free from ionizing
radiation, cost-effectiveness, and overall good diagnostic
performance. It excels in identifying the cystic and solid
components of parotid tumors, detecting vascularity, and
measuring tumor size. A comprehensive understanding of the
US characteristics of parotid lesions is essential for accurate
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Abbreviations

CT Computed tomography

MHz Megahertz

MRI Magnetic resonance imaging

PACS Picture archiving and communication system

SBSS Statistical product and service solutions
us Ultrasound

diagnosis. While the US features of Warthin’s tumors and
pleomorphic adenomas have been extensively studied,”#"!
there is a paucity of research on the US characteristics of
the relatively rare mucoepidermoid carcinoma and basal cell
adenoma, warranting further investigation.*# Although basal
cell adenomas are typically benign, they can be misdiagnosed
as mucoepidermoid carcinoma. They can undergo malignant
transformation, and therefore, a differential diagnosis should
not be overlooked.?>!¥ The aim of this study was to analyze
the US characteristics of parotid mucoepidermoid carcinoma,
compare them with those of basal cell adenoma, and enhance
understanding of these diseases.

MareriaLs AND METHODS
Study population

In this retrospective study, data from patients who underwent
the US for parotid gland evaluation and subsequently
underwent surgical resection of parotid tumors at Hainan
General Hospital between January 1,2019, and December 31,
2023, were retrospectively reviewed. US images of the parotid
tumors and relevant patient data were collected and analyzed.
The inclusion criteria for the study were as follows: (1)
postoperative pathology confirming parotid basal cell
adenoma or parotid mucoepidermoid carcinoma; (2) patients
who had not received prior treatment for parotid lesions before
undergoing US examination; and (3) patients with complete
clinical data. The exclusion criteria for the study were: (1)
patients with more than two pathological types present in
the same tumor and (2) patients with poor-quality US images
of the parotid lesion or incomplete visualization of parotid
lesions, hindering reanalysis. This study received approval
from the Ethics Committee of Hainan General Hospital with
(approval number: (2024)159; approval date: 02/28/2024).
Patient informed consent requirements were waived due to
the retrospective nature of the study and in accordance with
relevant regulations. The data obtained from patients who
had undergone procedures of US evaluation, biopsy, and/
or surgical operation, and all procedures followed were in
accordance with the ethical standards of the responsible
committee on human experimentation (institutional and
national) and with the World Medical Association Declaration
of Helsinki (revised in 2013).

Color Doppler ultrasound examination

The US examinations of the parotid glands were conducted
by 9 US physicians with over 3 years of experience. The
US physicians followed a standardized protocol for Doppler

US imaging to minimize variability. The US systems used
for evaluating patients with parotid lesions were Toshiba
Aplio 500 (Toshiba Medical Systems, Tokyo, Japan), Mylab
Twice eHD (Esaote S.p.A., Genoa, Italy), and Mindray
DCS8 (Shenzhen Mindray Bio-Medical Electronics Co., Ltd.,
Shenzhen, China). During the US examination, patients
were positioned supine on a table with a neck pillow to fully
expose the face and mandible. Coupling gel was applied to
the parotid gland regions, and high-frequency US transducers
with operating frequencies of 8-15 MHz were used to scan
the parotid glands. If a focal lesion was identified in the
parotid gland, the location, shape, margin, internal cystic
and solid components, punctate hyperechoic foci, posterior
acoustic features, vascularity, and ipsilateral cervical lymph
nodes with suspicious metastatic features were documented.
Representative US images were saved in the Picture Archiving
and Communication System (PACS). Calcifications (punctate
hyperechoic foci) <1 mm were classified as punctate
calcifications (also refers to microcalcifications), whereas
those >3 mm were considered macrocalcifications. The
vascularity distribution in the parotid lesion was categorized
based on the number of color signals rendered by color
Doppler flow imaging: (1) absence of vascularity, referring
to no color signal; (2) scarcity of vascularity, referring to one
point-like or piece of color signal; (3) moderate vascularity,
referring to two or three point-like and pieces of color signal;
and (4) abundant vascularity, referring to three or more
point-like and pieces of color signal. For identifying cervical
lymph nodes, features such as a length-to-width ratio <2, loss
of hilum, punctate hyperechoic foci, and anechoic liquefaction
were indicative of suspicious metastasis. In this study, a
junior US physician initially searched the PACS for patients
with histopathologically confirmed parotid mucoepidermoid
carcinoma and basal cell adenoma. Subsequently, the
corresponding US images of the parotid lesions and relevant
information were retrieved and saved to a portable digital disk.
The US features of the parotid lesions were independently
analyzed by two US physicians with over 5 years of experience
in evaluating superficial organs and tissues. These physicians
were blinded to previous US diagnoses and pathological
results. In cases where the two physicians disagreed on the
interpretation of a parotid lesion, a third US physician with
17 years of experience was consulted. If multiple parotid
lesions were present, only the largest lesion or the one
suspected to be malignant was included for analysis.

Statistical analysis

Continuous variables were assessed for normality using
the Shapiro—Wilk test. If the age of patients and the size of
parotid lesions followed a normal distribution, they were
presented as mean + standard deviation and analyzed using the
independent samples #-test. Categorical data were presented
as counts and percentages. The Chi-square test and Fisher’s
exact test were utilized for analyzing categorical data based on
the appropriate conditions. Ordinal data were analyzed using
the Mann—Whitney U-test. Statistical analysis was conducted

.Journal of Medical Ultrasound | Volume 33 | Issue 3 | July-September 2025 261




Chen and Wu: Sonographic comparison of parotid tumors

using SPSS statistical software version 26.0 (IBM Corp.,
Armonk, NY, USA), with a two-tailed P < 0.05 considered
statistically significant.

ResuLts

A total of 27 patients were included in this study after
excluding five patients with mucoepidermoid carcinoma and
two patients with basal cell adenoma. Among them, 9 patients
had mucoepidermoid carcinoma, and 18 patients had basal
cell adenoma. In the group of patients with mucoepidermoid
carcinoma, there were 3 males and 6 females, with ages
ranging from 23 to 62 years. In the group of patients with
basal cell adenoma, there were 6 males and 12 females,
with ages ranging from 25 to 72 years. The difference in age
between the patients with mucoepidermoid carcinoma and
basal cell adenoma was significant (P < 0.05). The sizes of
mucoepidermoid carcinoma and basal cell adenoma were
similar, with no significant difference between them (P> 0.05).
Details of the patient’s age, sex, and tumor size are provided

in Table 1. Mucoepidermoid carcinomas were characterized
by a combination of irregular and deeply lobulated shapes in
55.5% of cases, ambiguous margins in 88.8%, and punctate
calcifications in 66.7% of cases. Basal cell adenomas exhibited
regular and shallowly lobulated shapes in 72.2% of cases,
clear margins in 100% of cases, and punctate calcifications in
a few cases (5.6%). Significant differences were observed in
these characteristics between the two diseases (all P < 0.05).
Further details are presented in Table 1. Figures 14 depict the
US characteristics of mucoepidermoid carcinoma and basal
cell adenoma, respectively.

Discussion

The US characteristics of 9 parotid mucoepidermoid
carcinomas and 18 basal cell adenomas, along with associated
demographic information, were summarized and compared
in this study. Mucoepidermoid carcinomas were observed in
younger individuals, whereas basal cell adenomas occurred
in older individuals, with both types predominantly affecting

Table 1: Comparisons of patient's age, sex and color Doppler ultrasound characteristics of the parotid tumors

Characteristic Basal cell adenoma (n=18), n (%) Mucoepidermoid carcinoma (n=9), n (%) P
Sex
Male 6(33.3) 3(33.3) 0.672
Female 12 (66.7) 6 (66.7)
Age (year) 53.3£12.9 37.44+13.0 0.006
Maximal diameter (mm) 23.3+7.4 20.7+£5.9 0.368
Shape
Round/ovoid/elliptic 9 (50.0) 2(222) 0.044
Shallow lobulated 4(22.2) 2(222)
Deep lobulated 5(27.8) 1(11.1)
Trregular 0 4(44.4)
Margin
Circumscribed 18 (100) 1 (11.1) <0.001
Ambiguous 0 8(88.9)
Composition
Mixture of solid and liquid 6(33.3) 4 (44.4) 0.683
Solid 12 (66.70) 5(55.6)
Texture
Homogeneous 8 (44.4) 2(22.2) 0.406
Heterogeneous 10 (55.6) 7(77.8)
Punctate hyperechoic
Absent 17 (94.4) 3(33.3) 0.002
Present 1(5.6) 6 (66.7)
Posterior acoustic feature
Enhancement 18 (100.0) 8(88.9) 0.333
No evident change 0 0
Attenuation 0 1(11.1)
Vascularity
A few 5(27.8) 4(44.4) 0.34
Intermediate 11 (61.1) 5(55.6)
Abundant 2 (11.1) 0
Cervical lymph node of suspicious metastasis
No 18 (100.0) 7(77.8) 0.103
Yes 0 2(22.2)
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Figure 1: A 35-year-old man with a basal cell adenomain the right parotid
gland. (a) The tumor is ovoid in shape, with circumscribed margin,
scattered small anechoic areas, and enhanced posterior echoes, (b) color
Doppler flow imaging shows the tumor has rich vascularity

Figure 3: A 44-year-old woman with a basal cell adenoma in the left
parotid gland. (a) The tumor presents deep lobulated shape, with scattered
anechoic areas and enhanced posterior echoes, (b) color Doppler flow
imaging shows the tumor has a few vascularity

women. These findings are consistent with previous studies.*
The US characteristics of the two parotid tumors were generally
in line with previous studies.>!*!¢ Interestingly, there was no
difference in the presence of enlarged abnormal cervical lymph
nodes between patients with the two parotid tumors, contrary
to common expectations. This discrepancy may be attributed to

Figure 2: A 62-year-old man with a mucoepidermoid carcinoma in the left
parotid gland. (a) The tumor is irregular in shape, with ill-defined margin,
several punctate hyperechoic foci (microcalcifications), with partial
posterior acoustic shadowing, (b) color Doppler flow imaging shows
the tumor has a few vascularity. Red arrows indicate microcalcifications

Figure 4: A 7-year-old man with a mucoepidermoid carcinoma in the
right parotid gland. (a) The tumor is ovoid in shape, with circumscribed
margin and enhanced posterior echoes, (b) color Doppler flow imaging
shows the tumor has intermediate vascularity

the small sample size of mucoepidermoid carcinomas with only
a few cases of cervical lymph node metastasis, whereas patients
with basal cell adenoma may have concurrent benign enlarged
cervical lymph nodes. Benign and malignant parotid tumors
can undergo degeneration, necrosis, and other pathological
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changes leading to cystic alterations (liquefying), which can
impact the echogenicity and posterior acoustic features of the
tumor. The depth, size, and vascularity of parotid lesions in
each patient can vary, resulting in diverse US characteristics.
In this study, punctate calcifications were identified in 66.7% of
mucoepidermoid carcinomas and 5.6% of basal cell adenomas.
This finding aligns with a report by Lee et al. that punctate
calcifications are present in 10.5% of basal cell adenomas.!'”!
The incidence of punctate calcifications in mucoepidermoid
carcinoma in this study was higher than the 12.2% reported by
Gong et al B Therefore, the presence of hyperechoic punctate
calcifications within the tumor serves as a crucial feature
distinguishing mucoepidermoid carcinoma from basal cell
adenoma. In this study, the incidence of punctate calcifications
was higher than previously reported for mucoepidermoid
carcinoma but lower for basal cell adenoma. This discrepancy
may be due to oversight or inadequate awareness among
the previous examiners regarding the presence of punctate
calcifications and the limited sensitivity of US systems in
detecting punctate hyperechoic foci within parotid tumors.™®
Punctate calcification includes psammoma bodies and other
causes associated with calcification. Psammoma bodies are
concentric lamellated calcified structures, observed most
commonly in papillary thyroid carcinoma and several other
malignant tumors, and sometimes in benign lesions, such as
serous papillary cystadenoma of the ovary and meningiomas;
but seldom reported in other benign tumors and parotid
malignant tumors.["*? The reason that punctate calcifications
are observed more in malignant tumors than benign tumors
may be that there are more psammoma bodies in these tumors
and further research is required. There were no significant
differences between mucoepidermoid carcinoma and basal
cell adenoma in terms of composition, texture, and posterior
acoustic features, indicating some significant similarities
between them that may pose challenges in differential
diagnosis.

In summary, the US characteristics of parotid mucoepidermoid
carcinoma typically present as a combination of deep lobulated
and irregularly shaped entities often with an ambiguous margin,
punctate calcifications, and potential presence of ipsilateral
cervical enlarged abnormal lymph nodes. On the other hand,
the US characteristics of parotid basal cell adenoma commonly
manifest as a round or elliptic solid or cystic-solid entity with
a circumscribed margin and occasional punctate calcifications.
All of them present solid or a mixture of solid and liquid
composition, texture, posterior acoustic enhancement, and
more or less vascularity.

In the future, in the evaluation of parotid lesions, US
elastography and contrast-enhanced US may be used as
additional items, for US elastography can reveal the stiffness
of parotid tumor and may provide more information for the
identification of malignant parotid tumor which is usually
more stiffer than benign tumor.*'-**! Contrast-enhanced US can
display the blood perfusion and features of the parotid tumors,

can confirm the presence of liquefied region and necrotized
region of the parotid lesions, and can help distinguish
malignant parotid tumors from benign parotid tumors.**?* For
some complex parotid lesions, a combination of color Doppler
US findings and CT or MRI findings is necessary, which can
obtain more rich information of the parotid lesions and their
peripheral condition, improve diagnostic efficacy, and provide
information for clinical management. In addition, patient’s
lifestyle and ethnic features should be considered during the
parotid evaluation, for smoking, betel-nut chewing, and so on
can affect the well-being of the parotid glands and may induce
tumors and associated diseases.*

Some limitations exist in this study: (1) The retrospective study
design and single-center data collection may introduce sample
selection bias; (2) Absence of patient’s clinical manifestations
and correlation analysis, such as pain, tumor size doubling
time; and precipitating factors, such as smoking, alcohol
consumption, betel-nut chewing, and radiation exposure; (3)
Interobserver agreement of the color Doppler US images
acquired by different US systems and physicians were not
studied; and (4) The small sample size and absence of atypical
cases may limit the generalizability of the findings.2%%7

CoNncLusIioN

Significant differences in US characteristics exist between
parotid mucoepidermoid carcinoma and basal cell adenoma.
The distinct features associated with parotid mucoepidermoid
carcinoma include a combination of deep lobulated and
irregular shapes, ambiguous margin, and punctate calcifications.
Understanding these characteristics can aid in the differential
diagnosis of the two kinds of parotid tumors.
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