
Med Ultrason 2021:0, 1-8  Online first
DOI: 

Ahead of print

Preoperative Multiparametric Ultrasound and Fine Needle 
Aspiration Cytology evaluation of parotid gland tumors: which is  
the best technique? 

Olga Guiban¹, Antonello Rubini², Daniele Fresilli¹, Giuseppe Tiziano Lucarelli¹, Massimo 
Ralli³, Andrea Cassoni4, Mario Bezzi¹, Maija Radzina5, Antonio Greco³, Marco de 
Vincentiis³, Corrado De Vito6, Flaminia De Cristofaro¹, Carlo Catalano¹, Vito Cantisani¹

1Department of Radiological Sciences, Oncology and Pathology, Policlinico Umberto I “Sapienza” University of 
Rome, Rome, Italy, 2Division of Radiology and Diagnostic Imaging, ASL Rome 5, Rome, Italy, 3Department of Sense 
Organs, Sapienza University of Rome, Rome, Italy, 4Department of Oral Sciences and Maxillofacial Surgery, Sapienza 
University of Rome, Rome, Italy, 5Radiology Research Laboratory, Riga Stradins University, Medical faculty, Univer-
sity of Latvia, Diagnostic Radiology Institute, Paula Stradina Clinical University Hospital, Riga, Latvia, 6Department 
of Public Health and Infectious Diseases, Sapienza University of Rome, Rome, Italy

Received 02.02.2021  Accepted 12.05.2021 
Med Ultrason 
2021:0 Online first, 1-8 
Corresponding author:	 Olga Guiban 
	 Department of Radiological Sciences,  
	 Oncology and Pathology, Policlinico Umberto I  
	 “Sapienza” University of Rome, Rome, Italy 
	 E-mail: olga.guiban@gmail.com

Introduction

Parotid neoplasms are the most frequent salivary 
gland tumors; 60% of them are benign and are mainly 
located in the superficial lobe (76% of cases), while 

malignant lesions usually involve the deep lobe or both 
lobes. Tumor location, extension and correct preopera-
tive characterization play a crucial role in deciding the 
proper treatment [1-4].

Surgical treatment of parotid tumors ranges from 
extracapsular dissection to total parotidectomy with or 
without neck dissection [5-11]. Characterization of pa-
rotid tumors is relevant in planning surgery and in pre-
dicting possible complications or recurrencies. Imaging 
techniques such as Ultrasound (US), Magnetic Reso-
nance Imaging (MRI) and Computed Tomography (CT) 
are frequently used for the evaluation of parotid lesions, 
although none of them can guarantee an accurate differ-
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ential diagnosis between benign lesions and malignan-
cies [1]. The sensitivity and specificity of Fine Needle 
Aspiration Cytology (FNAC) varies according to lesion 
location and size, and the pathologist’s experience. Fur-
thermore, FNAC may be non-diagnostic, and the patients 
need a second FNAC to achieve a diagnosis [12,13]. 
Therefore, to date, the gold standard in the diagnosis of 
salivary gland neoplasms remains surgical excision fol-
lowed by histopathology.

Recently, some authors have focused on US coupled 
with various innovative techniques, under the name of 
Multiparametric Ultrasound (MPUS) [14]. These tech-
niques, such as Contrast-Enhanced Ultrasound (CEUS) 
and Ultrasound-Elastography (USE), are used to increase 
the effectiveness and the accuracy of B-mode US in the 
differential diagnosis of parotid masses and decrease the 
need for invasive techniques [1,2].

The aim of our study was to evaluate the diagnostic 
accuracy of MPUS, with CEUS and USE, and of FNAC 
in differentiating parotid gland tumors, comparing the re-
sults with post-surgical histology.

Materials and methods

Eighty-four consecutive patients (36 female and 48 
male patients, age range = 20-78 years, mean age = 49 
years) with parotid neoplasms presented to the Otolar-
yngology and Maxillofacial Surgery Departments of our 
University Hospital between September 2018 and Octo-
ber 2020 were included in the study. All subjects pro-
vided written informed consent. The research was con-
ducted in accordance with the ethical guidelines of the 
Helsinki Declaration and the Internal Review Board of 
our University Hospital approved it. 

Patients were studied preoperatively using B-mode 
US, Color-Doppler US, CEUS, USE and FNAC. Subse-
quently, patients were treated surgically with extracap-
sular dissection or superficial parotidectomy in cases of 
suspected benign tumor and total parotidectomy in case 
of presumed malignancy (with or without lymph node 
dissection according to histological subtype and tumor 
extension). The surgical samples were analyzed by an 
anatomo-pathologist and histopathology results com-
pared to the above-mentioned diagnostic techniques.     

B-mode US and Color-Doppler US
US evaluation was performed using a “high-end” ma-

chine (Canon Medical Systems Aplio 500, i800 US sys-
tem, formerly Toshiba Medical Systems, Otawara, Japan) 
and a 5-14 MHz linear probe by a single radiologist with 
15 years of experience in CEUS and 10 years in USE.

The patients were placed in supine position, with a pil-
low placed under the shoulders, to obtain neck hyperex-

tension. Bilateral axial and sagittal images were acquired. 
The size, the shape, the margins of the lesions and the 
vascularization with Color-Doppler US were recorded.

The following patterns were considered at the evalu-
ation with baseline ultrasound: 1) suspected malignant 
lesions: nodular appearance, irregular or frankly infiltrat-
ing margins, heterogeneous hypoechoic structure, calci-
fications and hypo-anechoic necrotic-hemorrhagic inter-
nal areas, associated regional lymphadenopathy [1,15];  
2) pleomorphic adenoma: homogeneous, lobulated, hy-
poechoic structure with posterior wall enhancement, with 
or without calcifications, poor vascularization [1,16];  
3) Warthin’s tumor: oval, hypoechoic mass, capsulated 
with anechoic and hypervascularized areas [1,17,18].

In the evaluation with Color-Doppler US, the follow-
ing patterns were considered: Type 1 - marked and ir-
regular intralesional blood flow; Type 2 - homogeneous 
flow or mild and peripheral vascularization. Type 1 pat-
tern was considered more typical of malignant lesions, 
while Type 2 of benign ones.

We also tried to identify a specific pattern of vascu-
larization in order to distinguish between benign lesions 
as follows: marked and homogeneous vascularization for 
Warthin’s tumor while mild and peripheral flow for pleo-
morphic adenoma [19-21].

USE
USE was performed using a semi-quantitative qua-

sistatic technique by the same experienced radiologist.
The patients were asked not to move and rhythmic 

compressions were performed for 3-4 seconds in order 
to allow the acquisition of data. Then, the operator per-
formed the examination using longitudinal scans and 
checking a quality indicator in real time; a colorimetric 
scale on the screen indicated the correspondence between 
hard and soft areas, respectively shown with blue and red 
colors and subsequently, the operator placed two regions 
of interest (ROI), one in the nodule and another one in the 
adjacent gland tissue. The USE software then calculated 
the strain ratio [22-26].

CEUS 
A medical history was collected for each patient, aim-

ing to exclude contraindications for the US contrast me-
dium administration [27-30]. 

CEUS was performed after intravenous administra-
tion of 2.4 mL of contrast medium (SonoVueTM, Brac-
co, Milan, Italy) followed by 10 ml of isotonic saline so-
lution. The CEUS study was carried out for at least two 
minutes, using low mechanical index (MI 0.05-0.07). 
The procedure was recorded digitally on AVI files in or-
der to perform a qualitative analysis.

After CEUS examination, lesions were divided in two 
categories (type 0-1), using a classification system that 
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originates from the studies by Wei et al [30] and from 
David et al [2].

For CEUS, the following patterns were considered: 
Type 0 – a) homogeneous enhancement of the lesion;  
b) heterogeneous enhancement but with defined margins; 
c) no enhancement and iso-enhancement; Type 1: hetero-
geneous enhancement of the tumor with poorly defined 
margins.  Type 0 pattern was considered more typical of 
benign lesions, while Type 1 of malignant ones.

All patients underwent Fine Needle Aspiration Cytol-
ogy (FNAC), surgery and histopathological examination. 

Statistical analysis 
Statistical analysis was carried out by calculating, for 

each method, sensitivity, specificity, positive and nega-
tive predictive value and area under the ROC curve. The 
ROC curve and the Youden test were used to identify the 
optimal strain ratio cut-off to discriminate between be-
nign and malignant lesions and, within benign lesions, 
between pleomorphic adenomas and Warthin’s tumors. 
The comparison between the performances of the various 
US methods was performed by comparing the areas un-
der the ROC curves (AUC) through the Bonferroni test. 
The analysis was performed using the STATA 15 statisti-
cal package.

Results

Post-operative histopathology analysis revealed be-
nign tumors in 62 patients (73.8%) and malignant tumors 
in 22 patients (26.2%). The average size of the evaluated 
lesions was 25 mm, with a range between 3 mm and 55 
mm. 

Histological results were as follows: Warthin’s tu-
mor 33.3.% (n=28), pleomorphic adenoma 19% (n=16), 
acinic cell carcinoma 7.1% (n=6), primary squamous cell 

carcinoma 7.1% (n=6), non-specific inflammation 7.1% 
(n=6), benign vascular tumor 4.8% (n=4), non-Hodgkin 
type B lymphoma 4.8% (n=4), metastasis from squamous 
cell carcinoma 2.4% (n=2), carcinoma ex-pleomorphic 
adenoma 2.4% (n=2), poorly differentiated carcinoma 
2.4% (n=2), mucoepidermoid carcinoma 2.4% (n=2), 
lymphoepithelial cysts 2.4% (n=2), oncocytoma (2.4% 
(n=2), ductal cyst 1.2% (n=1), papillary oncocytic cys-
tadenoma 1.2% (n=1).

Differentiation between malignant and benign 
lesions
B-mode US showed 62 of 64 benign tumors and 20 of 

22 histologically proven malignant lesions.
Color-Doppler US evaluation detected benign neo-

plasm in 42 cases, 4 of which were malignant and 38 
were benign at histology, and malignant lesions in 42 
cases (Type 1), 18 of which were malignant and 24 be-
nign at histology.

CEUS highlighted 60 benign cases (type 0 pattern) 
of 64 resulted being benign at histology and 18 malig-
nant lesions (type 1 pattern) out of 22 malignant tumors 
at histology.

USE detected 45 of 64 benign lesions and 17 of 22 
malignant ones. 

Cytology (FNAC) identified 60 of 64 benign tumors 
and revealed 16 of 22 malignant cases. 

The results of sensibility, specificity, positive predic-
tive value (PPV), negative predictive value (NPV) and 
accuracy in the differential diagnosis between malignant 
and benign lesions of the techniques taken alone and in 
combination are summarized in Table I.

Diagnostic differentiation of benign lesions
The same methods were used to differentiate between 

Warthin’s tumor 33.3% (n=28) and pleomorphic adeno-
ma 19% (n=16). Our results showed that CEUS had a 

Table I. Performance of the ultrasound techniques in the differentiation between parotid gland benign and malignant lesions.

Se (%) Sp (%) PPV (%) NPV (%) Ac (%)
B-mode US 82 97 90 93 89
Color-Doppler US 81 61 43 90 71
CEUS 86 95 86 95 90
USE 77 71 50 88 78
FNAC  73 97 89 91 84
B-mode US + CEUS 95 54 63 88 86
B-mode US + USE 78 80 46 84 72
Color-Doppler US + CEUS 83 76 58 91 82
Color-Doppler US + USE 78 69 46 88 75
USE + CEUS 86 69 50 90 78

US, Ultrasound; Color-Doppler US, Color-Doppler Ultrasound; CEUS, Contrast-Enhanced Ultrasound; USE, Ultrasound-Elastography; 
FNAC, Fine Needle Aspiration Cytology; SE, Sensibility; Sp, Specificity; PPV, Predictive Positive Value; NPV, Negative Predictive Value; 
Ac, Accuracy.
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slightly higher diagnostic accuracy (80%) compared to 
B-mode US alone, which had a diagnostic accuracy of 
78%.

USE’s accuracy, as well as specificity, increased with 
lesion diameter: it was lower in lesions ≤1 cm and in-
creased progressively in lesions between 1.1 cm and 1.9 
cm and in lesions ≥2 cm (ROC areas: 30% ≤1 cm; 45% 
1.1-1.9 cm; 53% ≥2 cm; specificity: 60%  ≤1 cm; 90%  
1.1-1.9 cm; 97% ≥2 cm).

Regarding USE, the Youden test identified the cut-
off of 2.5 as the value that optimized the ability of the 
method to discriminate between pleomorphic adenoma 
and Warthin’s tumor, with values lower than 2.5 more 
associated with Warthin’s tumor. In this case, the USE’s 
accuracy was higher compared to CEUS and B-mode US 
(85% against 80% and 78%, respectively).

All the statistical results are summarized in Table II. 
It is worth nothing that USE resulted being the most ef-
fective technique for the differentiation of pleomorphic 
adenoma from Warthin’s tumor. 

In figures 1-3 are illustrated significant cases from 
our database.

Discussion

B-mode US, used routinely in clinical practice, al-
lows the identification and location of parotid lesions 
and the depiction of their inner structure. However, a 
more accurate and detailed representation of the blood 
flow patterns, in particular a quantitative analysis of 
micro-vascular perfusion, of the different lesions can be 
achieved with CEUS [2,14,27]. 

There is still limited evidence on the use of CEUS 
in the parotid gland neoplasms. In the latest edition of 
the European Federation of Societies for Ultrasound in 
Medicine and Biology (EFSUMB) guidelines, no clinical 

recommendation was possible, even though they recog-
nized a research role [29]. Nevertheless, recent studies 
showed a promising perspective of CEUS. Wei et al in 
2013 defined the usefulness of CEUS in the evaluation 
of micro-vascularization of the lesion according to the 
morphological and distribution characteristics of the 
vascular pattern. The results of this study showed that 
benign lesions present mainly with widespread homo-
geneous enhancement with clearly defined margins or 
no enhancement and iso-enhancement, while malignant 
tumors mainly show heterogeneous enhancement with 
poorly defined margins [30].

USE provides information about the elasticity/rigid-
ity patterns of gland tissues, which correlate with the 
composition and structural organization of macromol-
ecules [31,32]. Currently, it may have a role in differenti-
ating the most common benign parotid lesions. USE also 
has a role in differentiating between benign and malignat 
parotids tumors.

Elastographic technique has already been evaluated 
for the characterization of the head-neck lesions, with 
different results. Bathia et al [33] have reported that USE 
does not allow to differentiate the tumors, since areas that 
show the same stiffness can be found in lesions that pre-
sent a different histology. Dumitriu et al [16] reported 
the absence of any elastographic pattern that could define 
the malignant or benign nature of a lesion, observing lit-
tle benefits in differentiating parotid tumors, particularly 
regarding the quantitative values of the pleomorphic ad-
enoma which presented similar results to malignant tu-
mors. In particular, the authors observed an intra-lesional 
variability of rigidity, which may be high in the pleomor-
phic adenoma due to the heterogeneity of the tissue, con-
cluding that USE in the parotid gland is not a valid tool 
to exclude malignancy. Contrarily, a meta-analysis from 
2016 evaluated the results of 9 studies without publica-

Table II. Performace of the ultrasound methods in the differentiation between pleomorphic adenoma and Warthin’s tumor

Se (%) Sp (%) PPV (%) NPV (%) Ac (%)
B-mode US 76 78 64 86 78
Color-Doppler US 60 85 69 80 71
CEUS 81 87 74 86 80
USE 93 81 69 96 85
FNAC 57 96 79 71 76
B-mode US + CEUS 72 82 64 87 76
B-mode US + USE 70 76 50 88 73
Color-Doppler US + CEUS 95 37 63 88 66
Color-Doppler US + USE 60 77 57 80 68
USE + CEUS 83 85 68 86 82

US, Ultrasound; Color-Doppler US, Color-Doppler Ultrasound; CEUS, Contrast-Enhanced Ultrasound; USE, US-Elastography; FNAC, 
Fine Needle Aspiration Cytology; SE, Sensibility; Sp, Specificity; PPV, Predictive Positive Value; NPV, Negative Predictive Value;  
Ac, Accuracy.
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tion bias regarding the use of this US method for the dif-
ferentiation of 581 benign and malignant salivary gland 
lesions, highlighting good sensitivity and specificity val-
ues (76% and 73%, respectively). The results showed 
that malignant lesions were commonly harder than be-
nign ones. The authors suggested USE in addition to the 
conventional US for the evaluation of the salivary gland 
tumors; however, the general accuracy of USE could not 
obviate the need for biopsy [34]. 

In the study by Klintworth et al, authors suggested the 
presence of some specific elastographic patterns useful in 

the differentiation between parotid gland tumors. In our 
work, we did not take into account these patterns, lim-
iting our evalutation to numerical elastographic values 
[23]. Other authors reported on the use of Shear Wave 
Elastography (SWE) also in this setting; however, we did 
not assess SWE effectiveness in our study and it is still 
under debate which is the best technique between USE 
or SWE. Mansour et al reported that SWE was better for 
discriminating parotid gland diseases such as Sjogren’s 
syndrome than to differentiate parotid gland lesions [24]; 
Heřman J et al suggested that SWE acceptably distin-

Fig 1. Parotid gland hypoechoic lesion, oval-shaped, with well defined margins and poor vascularization at Color-Doppler US (a,b). 
The lesion appeared moderately stiff at USE (SR 3.40); c) and showed slight enhancement at CEUS (d). Histology showed pleomor-
phic adenoma.

Fig 2. Well-defined parotid gland lesion, heterogeneous with some cystic areas (a), with peripheral and internal vascularization at 
Color-Doppler US evaluation (b). The lesion appeared mainly soft at USE, with stiff portions corresponding to the cystic areas (c). 
CEUS showed periferal perfusion (d). The lesion was histologically shown to be a Warthin’s tumor.

Fig 3. Parotid gland lesion, mostly hypoechoic with undefined margins (a) and increased stiffness at USE (SR 4.976; b). At CEUS 
evaluation the tumor showed rapid uptake of the contrast during the arterial phase, followed by a rapid wash-out at the end of the 
arterial phase. The enhancement curve is suggestive for malignancy (c,d). Histology showed acinic cell carcinoma.
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guished benign from malignant lesions on its own but 
did not bring additional value in the characterization of 
parotid gland tumors when used as an adjunct to regular 
US examination [35]. Zengel et al [25] and Liu et al [26] 
reported different results. In addition, a recent paper pub-
lished by Jering et al [36] showed the importance of USE 
(especially SWE) in differentiating benign from malig-
nant tumors, suggesting that the hard part of the lesion is 
larger in malignant tumors than in benign pleomorphic 
adenomas that usually have only a hard central area of 
increased stiffness. 

In this study, we evaluated the diagnostic accuracy 
of MPUS with CEUS and USE in pre-surgical differen-
tiation of parotid tumors comparing the results with B-
mode US, Color-Doppler US and FNAC. MPUS evalua-
tion seems the most promising approach to preoperative 
diagnosis of parotid neoplasms. In 2015, Mansour et al 
studied 202 patients with parotid lesions, documenting 
their clinical history, clinical examination, B-mode US, 
USE, Color-Doppler and CEUS. They concluded that 
there was a correlation between the micro- and the mac-
ro-vascularization of the lesions respectively evaluated 
with CEUS and Color-Doppler US, but the predictive 
value of each single technique was not so effective and a 
multiparametric assessment was required to increase the 
specificity and PPV in the diagnosis of malignant parotid 
lesions and the sensitivity in the differential diagnosis be-
tween pleomorphic adenomas and Warthin’s tumors [37]. 
Another recent review confirmed that MPUS, specially 
if includes CEUS, enables the differential diagnosis of 
parotid tumors [1,20].

Concerning USE, in our study, a statistically signifi-
cant difference in elasticity between benign and malig-
nant tumors was identified. The ROC analysis showed 
that, for malignancy diagnosis, the cut-off value of SR 
is >3. However, the method presented poor sensitivity 
(77%) and poor diagnostic accuracy (78%), mostly due to 
the presence of non-Hodgkin’s lymphomas (n=4), which 
has elasticity similar to most benign parotid lesions.  

Lesions studied with CEUS were classified into dif-
ferent types, similar to the study by Wei et al [30] and 
David et al [2], based on vascularization patterns. Sub-
sequently, these patterns were compared with histologi-
cal examination. This allowed us to create criteria for the 
assignment of a given pattern for malignant lesions and 
for benign lesions: type 0 pattern was more frequently 
associated with benign lesions and type 1 pattern with 
malignant ones.

Our study showed that CEUS has high diagnostic ac-
curacy (90%), sensitivity (86%) and specificity (95%) 
and may be considered the optimal method for differ-
entiating between benign and malignant lesions. These 

results prove also the superiority of CEUS in terms of 
sensitivity, specificity and accuracy compared to stand-
ard methods, especially if compared to FNAC, still used 
today as the main exam in the patient’s pre-operative 
planning. Indeed, FNAC was less accurate than B-mode 
US and CEUS, with a high percentage of non-diagnostic 
results and low sensitivity.

Among the various combined statistical evaluations, 
our results showed that the association of B-mode US 
with CEUS had the best performance, presenting with 
similar accuracy of CEUS taken alone, but with better 
sensitivity (95%).

Our results also confirmed that B-mode US is an 
important technique in the preoperative diagnosis, pre-
senting high diagnostic accuracy (89%), in line with the 
literature [1,15,16,19,33,36,38]. However, being an oper-
ator-dependent examination, the results are linked to the 
execution by an experienced operator, especially in the 
study of the major salivary glands.

Color-Doppler US examination allowed us to evalu-
ate the vascularization of the lesions, but it proved to 
be ineffective in discriminating benign from malignant 
tumors, showing a low diagnostic accuracy, thus result-
ing in a poor diagnostic value. This result may be due 
to the considerable overlap between Color-Doppler char-
acteristics, especially between benign and low-grade 
malignant lesions, as recently confirmed by Knopf et al  
[39].

The elastographic method with cut-off SR >3, pre-
senting a diagnostic accuracy of 78%, appeared to be less 
performing than CEUS and of limited diagnostic value 
in differentiating malignant lesions from benign ones, 
in line with recent studies [1,16,33,40,41]. These results 
are probably due to the presence in the diagnostic sample 
of non-Hodgkin’s lymphomas which have an elasticity 
comparable to that of benign parotid tumors. 

Our results are in concordance with current literature 
that indicates that Warthin´s tumor is the most common 
benign parotid tumor [42]. In the characterization be-
tween the two most common benign tumors, USE proved 
to be statistically superior to the other methods. USE 
showed diagnostic accuracy of 85%, much higher than 
that of B-mode US (78%) and CEUS (80%). Notewor-
thy, USE had an excellent reliability in differentiating 
Warthin’s tumor from pleomorphic adenoma.

Our study has some limitations. Firstly, our results 
are based on a limited sample size; therefore, larger stud-
ies are required. Secondly, we relied on the accuracy of 
pathological diagnosis excluding patients who had not 
undergone surgery. Finally, we did not use SWE neither 
did we perform a comparison between MPUS and MRI  
[43].
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Conclusions

Our results suggest that the combination of B-mode 
US and CEUS greatly improved the sensitivity of the 
CEUS performed individually and presented remarkable 
accuracy, with the potential to reduce the number of inva-
sive procedures. USE may have a role in differentiating 
benign from malignat parotid tumors, but especially in 
differentiating Warthin’s tumor from pleomorphic ad-
enoma. FNAC demonstrated lower values in comparison 
with CEUS in the differentiation between malignant and 
benign neoplasms and with USE in the diagnostic differ-
entiation of benign lesions. 

Therefore, MPUS could be proposed as a valid alter-
native to FNAC; however, multicenter studies on a larger 
population, eventually including a comparison with MRI, 
are mandatory. 
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References

1.	Stoia S, Băciuț G, Lenghel M, et al. Ultrasonography tech-
niques in the preoperative diagnosis of parotid gland tu-
mors – an updated review of the literature. Med Ultrason 
2021;23:194-202.

2.	David E, Cantisani V, De Vincentiis M, et al. Contrast-
enhanced ultrasound in the evaluation of parotid gland le-
sions: an update of the literature. Ultrasound 2016;24:104-
110. 

3.	Venkatesh S, Srinivas T, Hariprasad S. Parotid Gland Tu-
mors: 2-Year Prospective Clinicopathological Study. Ann 
Maxillofac Surg 2019;9:103-109.

4.	El-Naggar AK, Chan JKC, Grandis JR, Takata T, Slootweg 
PJ (eds). WHO Classification of Head and Neck Tumours. 
WHO Classification of Tumours. 4th Edition. Volume 9. 
2017.

5.	Psychogios G, Bohr C, Constantinidis J, et al. Review of 
surgical techniques and guide for decision making in the 
treatment of benign parotid tumors. Eur Arch Otorhi-
nolaryngol 2021;278:15-29.

6.	Cracchiolo JR, Shaha AR. Parotidectomy for Parotid Can-
cer. Otolaryngol Clin North Am 2016;49:415-424.

7.	Lewis AG, Tong T, Maghami E. Diagnosis and Manage-
ment of Malignant Salivary Gland Tumors of the Parotid 
Gland. Otolaryngol Clin North Am 2016;49:343-380. 

8.	De Felice F, de Vincentiis M, Valentini V, et al. Manage-
ment of salivary gland malignant tumor: the Policlinico 
Umberto I, “Sapienza” University of Rome Head and Neck 
Unit clinical recommendations. Crit Rev Oncol Hematol 
2017;120:93-97. 

9.	Vander Poorten VL, Hart AA, Van der Laan BF, et al. Prog-
nostic index for patients with parotid carcinoma: external 
validation using the nationwide 1985-1994 Dutch Head 
and Neck Oncology Cooperative Group database. Cancer 
2003;97:1453-1463.  

10.	Lombardi D, McGurk M, Vander Poorten V, et al. Surgi-
cal treatment of salivary malignant tumors. Oral Oncol 
2017;65:102-113. 

11.	Saha S, Pal S, Sengupta M, Chowdhury K, Saha VP, Mon-
dal L. Identification of facial nerve during parotidectomy: a 
combined anatomical & surgical study. Indian J Otolaryn-
gol Head Neck Surg 2014;66:63-68. 

12.	Seethala RR, LiVolsi VA, Baloch ZW. Relative accuracy of 
fine-needle aspiration and frozen section in the diagnosis of 
lesions of the parotid gland. Head Neck 2005;27:217–223. 

13.	Song IH, Song JS, Sung CO, et al. Accuracy of Core Nee-
dle Biopsy Versus Fine Needle Aspiration Cytology for 
Diagnosing Salivary Gland Tumors. J Pathol Transl Med 
2015;49:136-143.

14.	Sidhu PS. Multiparametric Ultrasound (MPUS) Imaging: 
Terminology Describing the Many Aspects of Ultrasonog-
raphy. Ultraschall Med 2015;36:315-317.

15.	Rzepakowska A, Osuch-Wójcikiewicz E, Sobol M, Cruz R, 
Sielska-Badurek E, Niemczyk K. The differential diagno-
sis of parotid gland tumors with high-resolution ultrasound 
in otolaryngological practice. Eur Arch Otorhinolaryngol 
2017;274:3231-3240.

16.	Dumitriu D, Dudea SM, Botar-Jid C, Băciuţ G. Ultrasono-
graphic and sonoelastographic features of pleomorphic ade-
nomas of the salivary glands. Med Ultrason 2010;12:175-183. 

17.	Rong X, Zhu Q, Ji H, Li J, Huang H. Differentiation of pleo-
morphic adenoma and Warthin’s tumor of the parotid gland: 
ultrasonographic features. Acta Radiol 2014;55:1203-1209.

18.	Matsuda E, Fukuhara T, Donishi R, Kawamoto K, Hirooka 
Y, Takeuchi H. Usefulness of a Novel Ultrasonographic 
Classification Based on Anechoic Area Patterns for Differ-
entiating Warthin Tumors from Pleomorphic Adenomas of 
the Parotid Gland. Yonago Acta Med 2018;60:220-226. 

19.	Cantisani V, David E, Sidhu PS, et al. Parotid Gland Le-
sions: Multiparametric Ultrasound and MRI Features. Ul-
traschall Med 2016;37:454-471.

20.	Martino M, Fodor D, Fresilli D, et al. Narrative review of 
multiparametric ultrasound in parotid gland evaluation. 
Gland Surg 2020;9:2295-2311. 

21.	Zhao L, Mao Y, Mu J, et al. The diagnostic value of Superb 
Microvascular Imaging in identifying benign tumors of pa-
rotid gland. BMC Med Imaging 2020;20:107. 

22.	Riishede I, Ewertsen C, Carlsen J, Petersen MM, Jensen F, 
Nielsen MB. Strain Elastography for Prediction of Malig-
nancy in Soft Tissue Tumours-Preliminary Results. Ultra-
schall Med 2015;36:369-374.

23.	Klintworth N, Mantsopoulos K, Zenk J, Psychogios G, Iro 
H, Bozzato A. Sonoelastography of parotid gland tumours: 
initial experience and identification of characteristic pat-
terns. Eur Radiol 2012;22:947-956. 

24.	Mansour N, Hofauer B, Knopf A. Ultrasound Elastography 
in Diffuse and Focal Parotid Gland Lesions. ORL J Otorhi-
nolaryngol Relat Spec 2017;79:54-64. 

25.	Zengel P, Notter F, Reichel CA, Clevert DA. Does Virtual 
Touch IQ elastography help to improve the preoperative di-
agnosis of parotid tumors: A prospective trial. Clin Hemor-
heol Microcirc 2017;67:425-434. 



8 Olga Guiban et al Evaluation of parotid gland tumors: Preoperative Multiparametric Ultrasound / Fine Needle Aspiration Cytology

26.	Liu G, Wu S, Liang X, Cui X, Zuo D. Shear Wave Elastog-
raphy Improves Specificity of Ultrasound for Parotid Nod-
ules. Ultrasound Q 2018;34:62-66. 

27.	Quaia E (ed.). Contrast Media in Ultrasonography: Basic 
Principles and Clinical Applications. Springer, 2005. 

28.	Claudon M, Cosgrove D, Albrecht T, et al. Guidelines and 
good clinical practice recommendations for contrast en-
hanced ultrasound (CEUS) - update 2008. Ultraschall Med 
2008;29:28-44. 

29.	Sidhu PS, Cantisani V, Dietrich CF, et al. The EFSUMB 
Guidelines and Recommendations for the Clinical Practice 
of Contrast-Enhanced Ultrasound (CEUS) in Non-Hepatic 
Applications: Update 2017 (Short Version). Ultraschall 
Med 2018;39:154-180. 

30.	Wei X, Li Y, Zhang S, et al. Evaluation of microvasculari-
zation in focal salivary gland lesions by contrast-enhanced 
ultrasonography (CEUS) and Color Doppler sonography. 
Clin Hemorheol Microcirc 2013;54:259-271.

31.	Bamber J, Cosgrove D, Dietrich CF, et al. EFSUMB guide-
lines and recommendations on the clinical use of ultrasound 
elastography. Part 1: Basic principles and technology. Ul-
traschall Med 2013;34:169-184.

32.	Cosgrove D, Piscaglia F, Bamber J, et al. EFSUMB guide-
lines and recommendations on the clinical use of ultrasound 
elastography. Part 2: Clinical applications. Ultraschall Med 
2013;34:238-253.

33.	Bhatia KS, Cho CC, Tong CS, Lee YY, Yuen EH, Ahuja 
AT. Shear wave elastography of focal salivary gland le-
sions: preliminary experience in a routine head and neck 
US clinic. Eur Radiol 2012;22:957-965. 

34.	Li C, Zhang C, Li N, Li J. Compression Real-time Elastog-
raphy for Evaluation of Salivary Gland Lesions: A Meta-
analysis. J Ultrasound Med 2016;35:999-1007. 

35.	Heřman J, Sedláčková Z, Vachutka J, et al. Differential 
Diagnosis of Parotid Gland Tumors: Role of Shear Wave 
Elastography. Biomed Res Int 2017;2017:9234672.

36.	Jering M, Zenk J, Thölken R, Rüger H, Psychogios G. Can 
Ultrasound in Combination with Virtual Touch Imaging 
Quantification Predict the Dignity of a Parotid Tumor? Ul-
trasound Med Biol 2021;47:1192-1203. 

37.	Mansour N, Bas M, Stock KF, Strassen U, Hofauer B, 
Knopf A. Multimodal Ultrasonographic Pathway of Parotid 
Gland Lesions. Ultraschall Med 2017;38:166-173. 

38.	Costache A, Dumitru M, Anghel I, Cergan R, Anghel AG, 
Sarafoleanu C. Ultrasonographic anatomy of head and 
neck--a pictorial for the ENT specialist. Med Ultrason 
2015;17:104-108.

39.	Knopf A, Mansour N, Chaker A, Bas M, Stock K. Mul-
timodal ultrasonographic characterisation of parotid gland 
lesions--a pilot study. Eur J Radiol 2012;81:3300-3305. 

40.	Karaman CZ, Başak S, Polat YD, et al. The Role of Real-
Time Elastography in the Differential Diagnosis of Salivary 
Gland Tumors. J Ultrasound Med 2019;38:1677-1683. 

41.	Sigrist RMS, Liau J, Kaffas AE, Chammas MC, Will-
mann JK. Ultrasound Elastography: Review of Techniques 
and Clinical Applications. Theranostics 2017;7:1303- 
1329. 

42.	Psychogios G, Vlastos I, Thölken R, Zenk J. Warthin’s tu-
mour seems to be the most common benign neoplasm of 
the parotid gland in Germany. Eur Arch Otorhinolaryngol 
2020;277:2081-2084.

43.	Liu Y, Li J, Tan YR, Xiong P, Zhong LP. Accuracy of diag-
nosis of salivary gland tumors with the use of ultrasonogra-
phy, computed tomography, and magnetic resonance imag-
ing: a meta-analysis. Oral Surg Oral Med Oral Pathol Oral 
Radiol 2015;119:238-245.e2.


