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Abstract: Disorders affecting parotid gland represent a heterogeneous group comprising congenital, 
inflammatory and neoplastic diseases which show a focal or diffuse pattern of appearance. The differentiation 
of neoplastic from non-neoplastic conditions of parotid glands is pivotal for the diagnostic imaging. 
Frequently there is evidence of overlapping between the clinical and the imaging appearance of the various 
pathologies. The parotid gland is also often object of study with the combination of different techniques 
[ultrasound-computed tomography-magnetic resonance imaging (US-CT-MRI), ex.]. Compared to other 
dominant methods of medical imaging, US has several advantages providing images in real-time at lower 
cost, and without harmful use of ionizing radiation and of contrast enhancement. B-mode US, and the 
microvascular pattern color Doppler are usually used as first step evaluation of parotid lesions. Elastography 
and contrast-enhanced US (CEUS) has opened further possible perspectives to improve the differentiation 
between benign and malignant parotid lesions. The characterization of the parotid tumors plays a crucial 
role for their treatment planning and for the prediction of possible surgical complications. We present, here 
an updated review of the most recurrent pathologies of parotid gland focusing on the diagnostic power of 
multiparametric US including CEUS and ultrasound elastography (USE); limitations, advantages and the 
main key-points will be presented
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Introduction 

Ultrasound (US) is nowadays considered an efficient 
imaging technique for the diagnosis, follow-up and 
therapeutic procedures of different pathologies in several 
organs (1-5), especially thanking to the introduction of 
innovative techniques (6,7).

US is  often considered the f irst  l ine screening 
imaging modality and, depending on its findings, may 
determine the necessity for the next best diagnostic 
step, including computed tomography (CT), magnetic 
resonance imaging (MRI) and other techniques (8-15). 
The utility of US for interventional procedure guidance 
such as for tissue sampling and biopsy, interventional 
drainage procedure or surgical excision is well recognized  
(16-20).

Among the different organs assessed properly by US, 
parotid glands have been evaluated successfully in the 
last 20 years as the glands are easily accessible and the 
technique is highly accepted by the patients due to its 
safety profile.

Disorders  a f fect ing parot id  g land represent  a 
heterogeneous group comprising congenital, inflammatory 
and neoplastic diseases with focal or diffuse pattern 
of appearance. Although highly sensitive, grey-scale 
US (GSUS) has not enough specificity to distinguish 
the different imaging patterns of parotid pathologies. 
As  a  consequence,  di f ferent  authors  suggested a 
multiparametric US (MPUS) approach of salivary glands 
(21-24), including the innovative techniques for obtaining 
a correct prognostic, diagnostic and therapeutic strategy. 
The main aim of using proper imaging modality is to 
avoid high risks related to therapeutic decisions. Different 
surgical procedures (e.g., extracapsular dissection and 
partial, superficial, total, or radical parotidectomy) can be 
adapted based on the preoperative knowledge to ensure 
radicality, the preservation of functional structures as facial 
nerve and to reduce patient’s morbidity (25). A multimodal 
US pathway includes, besides clinical and laboratory 
data, the use of GSUS, color-Doppler (CD) US (CDUS), 
US-elastography and contrast-enhanced US (CEUS)  
(26-30). 

In the present paper we report an updated overall 
representation of MPUS evaluation of a wide panoply of 
focal and diffuse salivary glands pathology. We present the 
following article in accordance with the NARRATIVE 
REVIEW reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-530).

US techniques 

GSUS
The examination is performed using the highest frequency 
transducer possible while 5–10-MHz transducers may be 
useful to evaluate the deep portions of the glands. The 
technique was published and the normal aspect of parotid 
gland was defined (31-34). A systematic approach is needed 
in order to provide a complete assessment. It consists in the 
evaluation of all the structural components of both salivary 
glands (parenchyma, vessels, ducts, lymph nodes etc.) 
using US criteria such as volume, margins, echotexture, 
echogenicity, etc. Variable appearance can be found in 
healthy population; Badarinza et al. recently published an 
atlas with 4 scale grades of parotid echogenicity and found 
that 12% of healthy non-obese people had inhomogeneous 
parenchyma (30).

In case of parotid lesions detections, several parameters 
should be reported: the largest dimension on the axial 
and longitudinal planes; margin definition; echotexture 
(homogeneous or heterogeneous appearance); the presence 
of internal contents (solid or cystic); regional lymph node 
including size, morphology and the presence of hilar fat; 
presence of acoustic enhancement of the lesion, etc. (35). 

In addition to the traditional and high-resolution 
US evaluation (36-38), recently quantitative evaluation 
of parotid gland echogenicity by means of grey-scale 
histogram measurements (ROI) was also reported. The 
gland histogram ratio (mean grey-scale histogram parotid/
mean grey-scale histogram subcutaneous fat) on healthy 
subjects and patients with parotid abnormalities can be also 
determined (39-41).

US is used also to guide fine-needle aspiration biopsy 
(FNAB) or core-biopsy, procedures that represents the ‘‘gold 
standard’’ in the preoperative evaluation of focal parotid 
lesions (35,42,43).

CDUS and superb microvascular imaging (SMI)
All Doppler US techniques can be used in salivary glands 
pathology. Using color Doppler, the speed and direction 
of moving blood cells can be determined, while power 
Doppler US provides high sensitivity in detection the slow 
flow (44). High vascularization is generally associated with 
the suspicion of malignancy and low vascularization may 
be considered a sign of benign behaviour (45). Recently, 
new techniques such as SMI were introduced (46-49). SMI 
is a new Doppler technique that is able to reveal thinner 
vascular structures avoiding motion artefacts. Recent studies 
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have been published using the SMI technique for liver, 
kidney, testis and parotid in pediatric population (50-53).

CEUS
CEUS, an US technique based on administration of 
contrast providing blood flow measurement as a reflection 
of neo-angiogenesis in response to tumor or inflammation, 
adds precisely information about the micro-vascularization. 
The usefulness of CEUS is well documented in liver and 
non-liver applications (54-61).

CEUS is easily performed and contrast injections may be 
repeated, due to the strong safety profile of microbubbles 
with a low risk of adverse events and no renal excretion (62).

Depending on the CEUS aspect, Wei et al.  (63) 
described three patterns for focal parotid lesions types: 
type 1—diffuse homogeneous enhancement; type 2—
heterogeneous enhancement; and type 3—no enhancement 
or iso-enhancement. Types 1 and 3 are suggestive of benign 
tumours and type 2 can indicate the presence of a malignant 
lesion.

In addition, CEUS can provide quantitative specific 
measurements of the contrast dynamic performance due 
to contrast agent that can be monitored over time with 
enhancement behaving in a uniform manner. Time intensity 
curve analyses include the time to initial peak (TP), signal 
intensity (SI max), the area under time intensity curve (AUC) 
and mean transit time (MTT) (64).

Klotz et al. (65) highlighted the role of the specific 
parameters quantified from CEUS measurements. The 
AUC and MTT showed a statistically significant higher 
value for malignant lesions. Differences in AUC, peak 
enhancement (PE), wash-in rate (WiR) and wash-in 
perfusion index (WiPI) in malignant compared to benign 
tumours and in pleomorphic adenoma (PA) compared to 
Warthin’s tumour (WT) were demonstrated.

US elastography
US elastography US techniques, according to the recent 
guidelines (66-69), recognize different approaches. 

Strain elastography (SE) is based on the measurement 
of the shape deformation of a tissue in a region of interest 
as expression of the tissue elasticity providing qualitative 
or semi-quantitative information. Klintworth et al. (70) 
described few elastographic patterns of parotid tumors 
using SE. The benign lesions had more frequently the 
“bull’s eye sign” a very soft, ellipsoid area in the centre of a 
lesion (parotid cysts), “dense core sign” very stiff tissue in 
the core and a softer tissue in the adjacent zone (PAs), “half-

half sign”, with a stiff superficial area and a deeper softer 
area (WTs). Malignant parotid lesions are associated to the 
“garland sign”. The authors realized a scoring system based 
on the analysis of specific elastographic patterns in different 
parotid pathologies.

Shear wave speed (SWS) measurement includes 
transient elastography (TE) and acoustic radiation force 
impulse (ARFI) quantification, as a point shear wave 
elastography (p-SWE) or, if applied to a larger field of 
view, as bidimensional (2D) SWE. The transducer induces 
high acoustic pulse with a displacement of the tissue 
measuring the speed of the generated shear wave. SWE is 
a technique independent to an external source for stress 
generation so it is more reproducible than SE, providing 
quantitative stiffness information. Both techniques can be 
used in different clinical applications (71-74) and in parotid 
pathology characterization. (75)

Normal stiffness values for the parotid gland in 
pediatric (76) and adult population (30) were published; 
in particular, Zengel et al. (77) reported that ARFI 
provides a quick, easy and reliable diagnostic tool for the 
assessment of disease severity.

Other advanced imaging methods

CT
CT imaging provides valid contribute in the staging due 
to the power to detect local extension and the spread of 
cervical lymph nodes and for the good evaluation of the 
involvement of soft tissue, bone and perineural structures 
when there is a large infiltration of the nerve (78). CT is 
also useful in the classification of parotid gland lesions into 
benign and malignant tumors but the results were often 
inconsistent. CT’s sensitivity and specificity are low in 
the post-treatment surveillance (79) and the major limit is 
represented by the radiation exposure (80-83).

Dual-energy CT may be a useful modality for tumoral 
analysis (78,84-86).

Positron emission tomography (PET)-CT is unrivaled 
for distant metastases but it is not reliable in distinguishing 
benign from malignant tissue. WTs can also be FDG avid 
as many malignant lesions. Conversely, some malignant 
tumors, such as adenoid cystic carcinoma, have variable or 
low uptake of FDG (79).

CT perfusion has a potential to differentiate benign and 
malignant tumors by demonstrating higher blood flow and 
volume in benign neoplasms, but the radiation exposure, 
which is higher than in conventional CT (79).
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MRI
MRI including diffusion weighted imaging (DWI)-
apparent diffusion coefficient (ADC)-dynamic contrast 
enhanced (DCE), has been widely applied for pre-
operative diagnosis of parotid gland lesions to monitor the 
post-treatment response, and to differentiate recurrent 
tumor from post-treatment changes. The potential role 
of MRI is based on the detection and characterization of 
malignancies extension, evaluation of perineural tumor 
spread CN VII facial, assessment for osseous marrow 
involvement. However, MRI is imperfect for a definitive 
diagnosis. ADC also could provide a high accuracy for 
identifying parotid gland lesions. Many studies look at 
the hypointense signal on ADC as a marker. According 
to previous reports, ADCs of parotid gland carcinomas 
(malignant) were statistically lower than those of PAs 
(benign), but higher than WTs (benign) DCE. Malignant 
neoplasms demonstrate rapid enhancement, but washout 
tends to be relatively slower than in WTs (78,79,87-90). 
The first limit of MRI is represented by the administration 
of the contrast-enhancement (91-93).

Methods

An online literature search on PubMed and MEDLINE 
was exploited to identify articles in English investigating 
on US and diagnostic evaluation of parotid gland diseases 
up until April 2020. Keywords queried included a various 
arrangement of the following terms: “ultrasound”, 
“US”, “CT”, “MRI”, “parotid gland”, “parotid gland 
neoplasia”, “Parotid gland inflammations”. Eligibility 
criteria excluded articles that reported parotid gland 
pathology not written in English. Additional queries were 
performed based on relevant references of the searched 
articles as well.

Parotid gland pathologies

The age and clinical patient information represent a helpful 
tool for the diagnosis because vascular and congenital 
lesions appear in the first years of life, inflammation diseases 
have a rapid appearance and evolution than solid tumors 
which are more gradual and usually are more frequent in 
the older age. An overview of the most common pathologies 
of the parotid gland is reported below taking into account 
what described in literature.

Parotid gland lesions 

Focal lesions
Benign tumors
Parotid benign tumors affect parotid gland in about 
80% of cases, localizing frequently in the superficial 
lobe of the gland. The most frequent benign tumor of 
the parotid gland in adults is PA (94) and in children 
hemangiomas. Tumors like WT, adenoma, papillary cyst 
adenoma, oncocytoma, lipoma, neurofibroma (solitary 
or plexiform types), hamartoma and lymphoepithelial 
tumors occur rarely (36).
(I) PA
	US: well defined, lobular shaped lesion. Typically, 

they appear as homogeneous hypoechoic lesion 
but sometimes, long-standing lesions may appear 
inhomogeneous due to internal cystic degeneration 
or dystrophic calcification appearing. Acoustic 
enhancement frequently is present (95) (Figure 1).

	CDUS-SMI:  poorly or  mainly peripheral ly 
vascularized but no central flow; very rarely 
depending on the size they may show increased 
vascularization (Figure 2).

	CEUS: poorly vascularized lesion; contrast 
enhancement is visible only in the peripheral wall 
and within internal septa (45,95).

	SE: elevated strain ratio suggesting medium/high 
stiffness of the lesion. In particular, SE reliably 
distinguishes cystic lesions and PAs when they show 
overlapping features (95,96).

(II) WT
	US: Parotid tail region. Rounded or lobulated 

hypoechoic masses and regular margins that 
may show cystic areas with hyperechoic internal 
septation. In general, no acoustic enhancement is 
present (45). 

	CDUS-SMI:  r i ch  per i -  and  in t ra - l e s iona l 
vascularization. 

	CEUS:  d i f fuse  and  homogeneous  contras t 
enhancement. Time/intensity curves confirm intense 
vascularization of the lesion.

	SE: low value of strain ratio suggestive of benign 
disease. 

	 SWE: soft elastographic pattern (95,96).
(III) Oncocytoma
	US: well-circumscribed, lobulated, ovoid shape and 

hypoechoic aspect (97). 
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Figure 1 Grey scale, color Doppler (A) and elastography (B,C) aspect in a patient with pleomorphic adenoma. (A) Iso/hypoechoic lesion of 
the parotid gland with polycyclic margins, acoustic posterior enhancement and poor peripheral vascular spots but no central flow at color-
Doppler US. (B,C) Semiquantitative strain elastography evaluation showed a medium/high stiffness. At the Shear wave elastography the 
colorimetric pattern of the lesion appears “hard”. The lesion presented high value of ECI at elastography evaluation. It was a pleomorphic 
adenoma. ECI, elasticity contrast index.

Figure 2 Longstanding pleomorphic adenoma with inhomogenous structure (A) and hypervascularization (B), biopsied under 
ultrasonographic guidance (C).

A

B C

B CA
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	CD-SMI: diffuse peripheral vascularization with 
some central vessels.

	CEUS: intense vascularization, higher than the 
surrounding parenchyma, confirmed by time/
intensity curves.

	SE: low strain ratio value.
	SWE: primarily soft with low stiffness (95).

(IV) Hemangioma 
	US: iso-hypoechoic, compressible nodular lesion 

with mixed echo-structure. Sometimes it may 
present phleboliths within the lesion (95,98,99).

	CDUS-SMI: centripetal globular vascularization (36). 
	CEUS: peripheral globular progressive enhancement. 
	Elas tography :  in  genera l ,  may  show so f t -

intermediate appearance but the appearance may 
change according to the size and the homogeneity of 
the lesion.

(V) Lipomas 
	US: well-defined but rarely may also be ill-defined. 

Isoechoic to adipose soft tissue or hypoechoic with 
internal hyperechogenic foci or striations (95). 

	CDUS-SMI: no evident vascularization. 
	CEUS: no enhancement is generally reported. 
	Elastography: in general, at elastography the lesion 

appears soft.
Malignant tumors
The overall incidence of parotid malignancies is the 3% 
of the head and neck region neoplasms (94). In children 
and adults, mucoepidermoid carcinoma followed by 
acinic cell carcinoma are the more frequent malignant 
parotid glands neoplasms. Other relatively rare tumors 
include adenocarcinomas, cystic adenoid carcinomas, 
squamous carcinomas, rhabdomyosarcomas and primary 
lymphoma (36).

Malignancy is generally associated to heterogeneous 
echotexture appearance with microcalcifications, indistinct 
margins, regional lymph node enlargement, and absence 
of distal acoustic enhancement. Significant difference 
is represented by the presence of regional lymph node 
enlargement (35).
(I) Mucoepidermoid carcinoma
	US: lower grade tumors appear well-defined 

with smooth border and homogeneous structure. 
High-grade aggressive lesions show hypoechoic 
inhomogeneous internal architecture, with ill-
defined margins and signs of surrounding structures 
infiltration. Cystic components can be predominant. 
Pathologic lymph nodes enlargement (100,101) 

(Figure 3).
	CD-CEUS: highly and irregularly vascularized.
	Elastography: the lesion appears mostly hard (95).

(II) Lymphoma
The appearance is highly variable, manifesting as focal or 

diffuse, single or multiple, and unilateral or bilateral masses 
which may appear hypo echoic, cystic or microcystic.
	US: primary lymphomas of the salivary glands are 

often infiltrative with diffuse gland enlargement 
and, eventually, irregularly vascularized. Secondary 
lymphomas can have the same appearance or present 
as enlarged lymph nodes in the parotid glands, 
sometimes with pseudo-cystic or micronodular 
pattern (78).

	CD-SMI and CEUS: they may be highly vascularized 
or in the colliquative cases hypovascularized. 

	Elastography: depending on the differentiation grade 
it may appear hard or soft. 

(III) Metastasis
Common skin malignancies which metastasize to the 

parotid lymph nodes include squamous cell carcinomas and 
melanomas, followed by other tumors involving kidney, 
breast, and lung (78). These typically manifest with lymph 
node enlargement within the parotid gland. 
	US: hypoechoic with heterogeneous internal 

architecture and ill-defined margins. Enlarged 
intra-parotid lymph nodes or lymph nodes that are 
growing over time are a suspicious finding (95,102).

	CD-CEUS-elastography: the appearance of Metastasis 
is very variable it depends on the diagnostic features of 
the primary tumor.

Inflammatory conditions

Acute and chronic inflammatory conditions can be caused 
by infections or different processes: autoimmune, systemic 
and neoplastic. 

Acute parotitis 
Acute parotitis is the most common parotid inflammatory 
condition in pediatric population. US is the reference 
standard for the diagnosis of acute parotitis.

Viral parotitis 
	US: in 75% of cases both parotid glands are enlarged 

with a more rounded shape. Heterogeneous and 
relatively hypoechoic structure. Sometimes the 
salivary ducts are enlarged without calculi. Cervical 
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Figure 3 Grey scale (A), color Doppler (B) and elastography (C) aspect in a patient with a mucoepidermoid carcinoma of the parotid gland. (A) 
High-grade aggressive lesions showing an irregular structure with hypoechoic inhomogeneous internal architecture, polycyclic margins and 
posterior acoustic enhancement; (B) at color-Doppler US the lesion showed internal vascular signs and some spots in the peripheral region; 
(C) the lesion showed high value of ECI at elastography evaluation. The nodule is red on the color map, indicating a “hard” lesion. It was a 
mucoepidermoid carcinoma of the parotid gland. ECI, elasticity contrast index.

B

D

A
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lymph nodes are also always enlarged (Figure 4).
	CD: they appear diffusely hypervascularized 

(36,100,101).

Bacterial parotitis
Acute bacterial parotitis is as common in adults as in 
children. Sialadenitis in adults is associated in approximately 
50% of cases with sialolithiasis (100).
	US: typically, unilateral. Enlargement of the gland 

with poorly defined margins and heterogeneous 
echostructure characterized by foci of lymph nodes 
or a mixture of exudate and saliva determining the 
obstruction of the gland alveoli and a subsequent 
salivary ducts dilatation. It can be seen anechoic 
or hypoechoic areas of suppuration (pus) implying 
abscess formation. 

	CD: gland increased vascularization (101,103,104).

Recurrent parotitis (RP) 
In children is a relatively common disease:
	US: in acute phases, enlarged heterogeneous 

gland, with round, hypoechoic and anechoic 
regions of 2–4 mm, which may correspond to the 
ectasia of the ducts or lymphocytic infiltration 
are visible (36). In the adult form of RP, the gland 
appears atrophic and hypoechoic with stenoses and 
dilatations mainly formed along Stensen’s canal 
creating “string of pearls” image. Parenchyma can 
become fibrotic (100). 

	CD: hypervascularization of  the intra- and 
extraglandular tissues.

	Elastography: lower tissue elasticity compared to 
healthy glands manly depicted in patients with 
symptoms for more than a year. ARFI shear wave 
velocity (SWV) is a promising diagnostic tool for 
in the initial examination and follow-up therapy of 
patients with RP, especially in cases with fibrosis 
development (77).

Sialolithiasis
It is now generally acknowledged that lithiasis formation 
can be found during early childhood but it is most common 
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Figure 4 Grey scale (A) and color Doppler (B) aspect in acute viral parotitis. The gland is enlarged, diffuse inhomogeneous and 
hypervascularized.

BA

in adult age. 
	US: uni- or bilateral. The presence of one or more 

calculi is revealed as bright curvilinear echo complex with 
acoustic shadowing. Gland appears diffusely hypoechoic 
with globular margins. The glandular volume gradually 
increases with higher calculus diameters. In chronic 
obstructive sialadenitis, the affected parenchyma can 
become oedematous and fibrotic (100). 

	Elastography: parotid glands with a calculus of 
more than 5 mm in diameter demonstrated a 
significantly reduced tissue elasticity (Figure 5). After 
therapy, ARFI SWV values are similar to the ones 
of unaffected contralateral glands. No significant 
differences in ARFI SWE values were detected in 
relation to the duration, the recurrence of episodes, 
the intensity of pain (105).

Chronic parotitis 
Sjögren’s syndrome (SS)
SS is an autoimmune, chronic systemic inflammatory disease 
characterized by lymphocytic infiltration of all exocrine 
glands. Diagnostic criteria are based on the American 
College of Rheumatology (ACR) and the European League 
Against Rheumatism (EULAR) classification criteria (106) 
in which no US criteria are included. Recently, US imaging 
has started to be a part of the classification criteria for 
various rheumatic diseases and it may also be a part of the 
classification criteria for SS in the near future.
	US: the presence of focal or diffuse anechoic/

hypoechoic foci in both parotid and submandibular 
glands, graded as: grade 0, normal parenchyma; grade 
1, minimal change such as mild inhomogeneity without 
anechoic/hypoechoic areas; grade 2, moderate change 

such as moderate inhomogeneity with focal anechoic/
hypoechoic areas; grade 3, severe change such as 
diffuse inhomogeneity with anechoic/hypoechoic areas 
occupying the entire gland surface (107).

	CD: abnormal vascularity of the parotid glands 
considered as an indirect sign of inflammation 

	Elastography: SE demonstrated high degree 
of stiffness of parotid gland parenchyma (108). 
2D-SWE was proven to be an effective technique 
for predicting interstitial fibrosis and the severity of 
histologic damage (109), having added value for SS 
diagnosis (110) (Figure 6).

Tuberculosis 
Tuberculosis of the salivary glands is rare, with parotitis 
mimicking a malignant tumor.
	US: heterogeneous, hypoechoic, poorly-defined 

lesions. Large intraparenchymal nodes with 
relatively intact intervening parenchyma. Some 
of the intraparotid nodes may l iquefy.  The 
intraparenchymal calcified lymph nodes are typically 
seen as hypoechogenic nodules with small foci of 
calcification (36,101).

HIV 
Parotid involvement is  one of  the most  common 
manifestations of pediatric HIV infection
	US:  enlargement of parotid gland with non-

tender consistence. Multiple small areas of hypo 
echogenicity in the parenchyma. Sometimes 
HIV parotid glands involvement may show cystic 
appearance with slow growing masses mostly 
accompanied by persistent cervical or generalized 
lymphadenopathy. 

	SWE: increased tissue stiffness when compared with 
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Figure 5 Grey scale (A), color Doppler (B), elastography (C) and CEUS (D) aspect in a patient with sialoadenitis. (A) B-mode US showed 
a hypoechoic lesion of parotid gland with small calcific formation that causes posterior wall shadowing. The glandular volume appears 
increased. The presence of one or more calculi is revealed as bright curvilinear echo complex with acoustic shadowing; (B) color-Doppler 
didn’t show vascular signs in the lesion; (C) elastosonography presented a low-intermediate ECI value within the lesion. parotid gland with 
a calculus demonstrated a reduced tissue elasticity; (D) CEUS didn’t show significant enhancement of lesion. It was sialoadenitis. CEUS, 
contrast-enhanced ultrasound; ECI, elasticity contrast index.

Figure 6 Grey scale (A,D), color Doppler (B,E) and shear wave elastography (C,F) aspect in a patient with typical Sjögren’s syndrome (A,B,C) 
and with lymphoma complication (D,E,F).

healthy subjects (111).

Discussion

US and CDUS, used routinely to detect parotid lesions 

are insufficient as predictive markers due to imaging 
findings overlapping and the moderate vascularization of 
some benign and malignant tumors, particularly for low-
grade malignancies, as reported in the studies of Knopf 
et al. (23) and others (112,113). Therefore, the authors 
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considered several strategies to improve the reliability 
of US methods as the realization of a predictive scoring 
model to assess the major salivary gland tumors (114). 
Recent studies reported on the use of CD in combination 
with other techniques avoiding the limit of contrast and 
ionizing radiation. The study (115) was conducted on 51 
parotid gland lesions analysed by non-enhanced MRI and 
color Doppler flow imaging (CDFI) with valid results for 
differentiating malignant parotid tumors from benign 
ones. Other US techniques as CEUS and elastography 
improve the quality and reliability of the US examination. 
In several studies (116,117) were reported the value of 
CEUS to differentiate the different tumor histology on 
the base of signal changes observed after micro-bubble 
contrast agent administration. Conversely Badea et al. (118)  
showed that CEUS alone did not reveal significant 
differences between benign and malignant circulatory 
beds of parotid tumors focusing on the necessity of a 
multimodal approach. The studies conducted on US 
elastosonographic techniques showed controversial 
results. Many authors demonstrated differences in 
elastosonographic scores but they could not prove that 
they can discriminate between benign and malignant 
parotid lesions. (119,120). However, elastographic indices 
showed PA were stiffer than WT, in particular PAs than 
malignant parotid lesions (120). Indeed, a meta-analysis 
from 2015 (121) based on the results of nine studies 
conducted with the use of elastography methods in the 
differentiation of 581 benign and malignant salivary 
glands lesions showed good sensitivity and specificity 
values (76% and 73%, respectively) with malignant 
lesions commonly harder than benign. Elastography 
also alone can be used with its high negative predictive 
value to distinguish benign from malignant lesions as 
an integrated tool (122). ARFI imaging represents a 
novel elastography technique resulting a valid method to 
determine the tissue elasticity of salivary glands in healthy 
subjects and in several parotid diseases (123). Furthermore, 
it was postulated that different parotid inflammatory 
pathologies can be shown by detecting parenchymal 
changes on elastography. In their study, Zengel et al. (77) 
demonstrated that ARFI shows promise as a valuable 
diagnostic tool for assessing disease severity, progression 
and the treatment response without significantly different 
values between children and adults in pathological or 
healthy glands. At the same in the study of Reichel  
et  a l .  (105) showed the usefulness of  ARFI SWV 
values in parotid glands affected by sialolithiasis. ARFI 

provided the quantitative evaluation of severity and 
it is considered useful for monitoring the patient’s 
benefit of therapy regarding tissue. SWE can be also 
used in the detection of early parenchymal changes 
even in the HIV patients with homogeneous parotid 
gland appearance (111). Besides, in the patients with 
heterogeneous PG appearance, SWE can be used as an 
assistant for US method. SWE evaluated in few studied, 
as mentioned, not showed significant difference in 
parotid gland lesions. Conversely, it is considered a good 
tool for the assessment of parotid gland diseases such 
as SS (96). Knopf et al. (124) in 2012 demonstrated the 
usefulness of SWE and CEUS in SS. Hofauer et al. (125)  
evaluated different elastographic techniques and concluded 
that SE could not add any further information compared 
to B-mode US for the evaluation of salivary gland 
involvement in SS, but that SWE was the most promising 
technique. Recently, several authors aimed to show 
the best performance of US in terms of sensitivity and 
specificity rates than techniques such as sialography and 
scintigraphy. In the studies of Milic et al. and Luciano et 
al. (126,127) is clear the improvement of accuracy for the 
diagnosis of primary SS (pSS) when US is included in the 
AECG criteria replacing scintigraphy. US sonographic 
changes correlate with histological involvement. Color 
Doppler evaluation however needs further standardization. 
In SS, for example, the systolic peak velocity after salivary 
stimulation (with lemon juice) is often double the peak 
velocity in the resting state. Quantitative SMI values, with 
their high reproducibility, could become a non-invasive 
useful technique in diagnosis of pSS (49). Recently, a 
study was conducted on the added values of GSUS and 
2D-SWE of salivary glands performed in 35 patients 
with pSS. The value of SWE is considered for US pSS 
diagnosis in cases where the GSUS findings were normal 
or nonspecific. 2D-SWE of the parotid glands should be 
considered as a promising imaging technique for detection 
of parotid lymphoma complication in pSS patients (110). 
Different authors also showed that SWE was capable to 
detect changes radiation induced in the elasticity of parotid 
glands between a radiotherapy group and a reference group 
(128,129). MPUS has emerged as the first-line imaging 
modality non-invasive, easily, available for the evaluation of 
pediatric structural parotid gland. Particularly is considered 
the absence of radiation exposure (130,131), iodinated 
contrast material, or sedation and/or anaesthesia. There 
are also recent studies aimed to establish the index values 
in healthy children using elastography (SE and SWE) and 
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SMI considered the evolution of CD about vascularity. The 
abnormal stiffness values in children of both sexes in all 
ages represent an indicator of parotid gland diseases (76).  
The study of Caliskan et al. (53) comprising a total of 
100 subjects determined the reference SWE, SMI, power 
Doppler, and CD values for normal parotid glands in 
children and the relationships with sex, age, and body 
mass index (BMI). Conversely than the previous study 
mentioned (76) elasticity values correlate with age and 
BMI. There was no correlation between vascularity 
values and age, sex, or BMI. SMI provided more detailed 
information about vascularity compared with the other 
methods. Another field of interest in connection with 
salivary gland US is the diagnosis of juvenile SS. US is 
an effective diagnostic or prognostic tool for different 
pathologies (132) but it is even frequently applied for 
invasive procedures (44,133).

In conclusion, baseline US and color Doppler should be 
integrated by US-elastography and CEUS except when they 
are able to provide a specific diagnosis as in less common 
but benign lesions as haemangioma and lipoma. US-
elastography and CEUS could help to discriminate most of 
pathologies afflicting parotid gland. However, elastography’s 
role is still under debate with controversial results in 
different studies concerning the diagnostic performance to 
distinguish between benign and malignant tumors, but it is 
effective to discriminate between benign lesions as PA and 
WT and between WT and malignancies. As demonstrated 
in our studies and clinical practice (95) PA shows elevated 
strain ratio suggesting medium/high stiffness and at SWE 
the colorimetric pattern of the lesion appears “hard” with 
an E-mean value of about 114.2 kPa. Conversely, WT 
shows low value of strain ratio appearing mainly soft at the 
elastographic pattern with an E-mean value of 15.1 kPa. 
CEUS showed greater effectiveness to distinguish benign 
and malignant tumors. with heterogeneous enhancement 
associated with a suspicious of malignancy, consequently 
and useful to distinguish PA and WT with the former 
appearing mostly mildly vascularized and the latter highly 
and homogeneously enhanced (45).

In clinical practice a multimodal approach, including 
CEUS and other US imaging techniques, such as US-
elastography, eventually integrated with MRI, should be 
suggested to reduce the necessity of FNAC and to guide a 
proper work-up. 
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