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ABSTRACT Objective: In the diagnosis of parotid gland masses, var-
ious methods are available, with magnetic resonance imaging (MRI)
being the most beneficial and preferred radiological modality by oto-
laryngology clinicians. This study aimed to examine the MRI charac-
teristics of parotid gland masses and correlate them with surgical
histopathology to establish the diagnostic value of preoperative imag-
ing for accurate diagnosis and treatment planning of salivary gland tu-
mors. Material and Methods: A total of 161 patients diagnosed with
a parotid mass at our otolaryngology department between 2013 and
2023 were examined. The diagnostic capability of MRI was determined
as sensitivity, specificity, accuracy, positive predictive value, and neg-
ative predictive value. Results: The sensitivity, specificity, and accu-
racy of MRI for diagnosing parotid malignancies were 71.4%, 92%,
and 87.6%, respectively. Regarding specific types of lesions, the re-
sults for pleomorphic adenoma were 83%, 87.9%, and 86.3%; for
Warthin's tumor, 85.4%, 91.5%, and 89.4%; for non-classified tumors,
65.1%, 90.7%, and 83.8%; and for non-neoplastic lesions, 80%, 100%,
and 98.7%, respectively. Conclusion: MRI is significant in diagnos-
ing parotid masses. Its identifiable specific findings increase the sensi-
tivity and positive predictive value for pleomorphic adenoma and
Warthin’s tumor. In the management of parotid gland lesions, the sup-
port of conventional MRI with other diagnostic procedures is still nec-
essary.
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OZET Amag: Parotis bezi kitlelerinin tanisinda gesitli yontemler mev-
cuttur ve manyetik rezonans goriintiileme (MRG), kulak burun bogaz
klinisyenleri tarafindan en faydali ve tercih edilen radyolojik yontem-
dir. Bu ¢alisma, parotis bezi kitlelerinin MRG 6zelliklerini incelemeyi
ve bunlari cerrahi histopatoloji ile iliskilendirerek tiikriik bezi tiimorle-
rinin dogru tanist ve tedavi planlamasinda preoperatif goriintiilemenin
tanisal degerini ortaya koymay1 amaglamaktadir. Gere¢ ve Yontem-
ler: 2013-2023 yillar1 arasinda kulak burun bogaz klinigimizde parotis
kitlesi tanist almig 161 hasta incelendi. MRG nin tanisal yetenegi, du-
yarlilik, 6zgiilliik, dogruluk, pozitif prediktif deger ve negatif prediktif
deger olarak belirlendi. Bulgular: Parotis malignitelerinin tanisinda
MRG’nin duyarliligs, 6zgiilliigli ve dogrulugu sirastyla %71,4, %92 ve
%87,6 olarak bulunmustur. Belirli lezyon tiirlerine gére pleomorfik
adenom igin sonuglar %83, %87,9 ve %86,3; Warthin timori igin
%85,4, %91,5 ve %89.,4; siiflandirilmamis timorler i¢in %65,1,
%90,7 ve %83,8; neoplastik olmayan lezyonlar i¢in ise %80, %100 ve
%98,7 olarak tespit edilmistir. Sonu¢: MRG, parotis kitlelerinin tani-
sinda dnemlidir. Ozellikle pleomorfik adenom ve Warthin tiimérii igin
belirgin bulgulari, duyarlilig1 ve pozitif prediktif degeri artirmaktadir.
Ancak parotis bezi lezyonlarinin yonetiminde konvansiyonel MRG’nin
diger tanisal prosediirlerle desteklenmesi hala gereklidir.

Anahtar Kelimeler: Manyetik rezonans gériintiilleme; parotis bezi;
parotis neoplazmlari; radyoloji;
duyarlilik ve 6zgiilliik; cerrahi patoloji
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A wide range of histopathological diversities, in-
cluding benign and malignant forms and non-tumor-
ous conditions, characterize salivary gland tumors.'
The parotid gland, which accounts for 75-80% of
salivary gland tissues, is the largest and is more likely
to develop benign tumors.? However, the sub-
mandibular and minor salivary glands have a higher
chance of developing malignant tumors.’

Parotid gland tumors can present as a lump in
the preauricular area, expanding into the retro-
mandibular and lateral parapharyngeal space.* These
tumors account for approximately 3% of all head and
neck tumors.® However, certain types of inflamma-
tory conditions that mimic tumors can make it chal-
lenging to diagnose them accurately.

Accurate diagnosis of parotid gland tumors is
crucial for determining suitable treatment plans and
predicting the prognosis in patients with a parotid
mass. With recent technological advancements,
imaging techniques have become as important as in-
terventional cytopathological procedures in the diag-
nostic process.®

Recently, the imaging of the parotid area has ad-
vanced significantly with three diagnostic tests: ul-
trasonography (US), computed tomography (CT),
and magnetic resonance imaging (MRI).” US is non-
invasive, fast, and cost-effective but requires a skilled
practitioner. CT identifies calcifications and bone
structures but requires contrast agents and exposes
patients to radiation.® MRI provides comprehensive
views of the parotid region with excellent tissue dis-
crimination and reconstruction in all planes.’ Both CT
and MRI provide cross-sectional images of the
parotid area.

This study identified the MRI characteristics of
parotid gland masses and correlate them with surgi-
cal histopathology to establish the diagnostic value
of preoperative imaging.

I MATERIAL AND METHODS

ETHICAL APPROVAL

This study was approved by the Clinical Research
Ethics Committee of the Faculty of Medicine at the
University Hospital with the reference number 2024-

10/18 (date: June 26, 2024). Informed consent forms
were obtained from all participants after they were
provided with information about the content and pur-
pose of the study. The study was conducted in accor-
dance with the principles of the Declaration of
Helsinki.

STUDY DESIGN AND PATIENT SELECTION

This study examined patients diagnosed with a
parotid mass who underwent surgery at our otolaryn-
gology department between January 2013 and De-
cember 2023. A total of 346 cases were treated during
this period, and we conducted a retrospective inves-
tigation of these cases. The study included patients
of all age groups who underwent superficial and total
parotidectomy and underwent MRI scans at our in-
stitute. However, patients with recurrent parotid neo-
plasms requiring revision surgery, local tumors
invading the parotid, or metastases to the parotid
from distant sites were excluded from the study.
Thus, the medical records of 161 patients were ex-
amined.

COLLECTION AND CATEGORIZATION OF
DATAAND EVALUATION OF THE MRI IMAGES

Demographic information, such as age and gender,
was collected. The preoperative MRI images were
obtained from the picture archiving and communica-
tion system imaging data system. An expert radiolo-
gist with 10 years of experience retrospectively
evaluated T1-weighted (T1W), T2-weighted (T2W),
and contrast-enhanced fat-suppressed T1W axial im-
ages. Based on the study by Christe et al., lesions that
appeared hyperintense on T2W images, with smooth
contours and homogeneous enhancement, were con-
sidered indicative of pleomorphic adenoma (PA)."°
Lesions in T2W images that had a multilocular cys-
tic appearance without a significant contrast-enhanc-
ing solid component and marked enhancement were
preliminarily diagnosed as Warthin’s tumor. Lesions
showing T2W hypointensity, significant contrast up-
take, and irregular borders were categorized under
other tumoral lesions of the parotid gland. Lesions
that did not meet these criteria were placed into the
preliminary non-neoplastic parotid lesion category.
The otolaryngology surgeon then compared these
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evaluations with the post-parotidectomy permanent
histopathological results to determine the diagnostic
metrics of the test, including sensitivity, specificity,
accuracy, and positive and negative predictive val-
ues.

STATISTICAL ANALYSIS

The suitability of the data for normal distribution was
assessed using the Shapiro-Wilk test. For descriptive
statistics, numeric data that displayed a normal dis-
tribution were presented using mean and standard de-
viation, while categorical data were expressed in
frequency and percentage. The efficacy of the diag-
nostic test was determined by statistics such as sen-
sitivity, specificity, accuracy, positive predictive
value (PPV), and negative predictive value, which
were calculated using the McNemar test. Statistical
analyses were conducted using the IBM SPSS 28.0
software package (IBM Corp., 2021, Version 28.0,
Armonk, NY: IBM Corp.), and the reliability of the
results was tested at a significance level of
alpha=0.05.

I RESULTS

DEMOGRAPHIC ANALYSIS AND HISTOPATHOLOGI-
CAL RESULTS OF THE STUDY GROUP

Our study examined 161 patients, of which 90 were
males (56%) and 71 were females (44%). The aver-
age age of the patients was 51+14.8 years. Upon

histopathological examination, we found that 126 pa-
tients (78.3%) had benign histopathology, while 35
patients (21.7%) had malignant tumors. Among the
benign group, 55 cases were diagnosed with
Warthin’s tumor, and 53 patients had PA. In the ma-
lignant group, we found 9 cases of ductal carcinoma
and 8 patients of mucoepidermoid carcinoma. Table
1 summarizes the histopathological results.

DIAGNOSTIC VALUE OF CONVENTIONAL MRI'IN
PAROTIDE GLAND MASSES

Among 126 histopathologically benign cases, MRI
diagnosed 116 as true negative and sensitivity was
71.4%, while from 35 malignant tumors, MRI found
25 as true positive and specificity was 92%. Thus,
141 cases were diagnosed as accurate among the
study group, and the overall accuracy was 87.6%.
There were 10 false positive and 10 false negative re-
sults for MRI.

Then, we detailed our evaluations to determine
the value of MRI in achieving histopathological re-
sults for specific diagnoses such as PA and Warthin’s
tumor, whereas non-classified tumors (NCT) and
non-neoplastic lesions (NNL).

PA

There were 44 true positive cases, 95 true negative
cases, 13 false positive cases, and nine false negative
cases identified. The sensitivity of MRI for PAs was
determined to be 83%, specificity 87.9%, accuracy

TABLE 1: The histopathological results of parotidectomy cases in the study group.

Diagnosis benign Number (n) Percentage (%)
Warthin's tumor 55 43.6
Pleomorphic adenoma 53 42.0
Chronic sialadenitis + sialolithiasis [ 47
Oncocytoma 3 24
Benign cystic lesion 5 24
Myoepithelioma 2 1.6
Cavernous lymphangioma 1 0.8
Basal cell adenoma 1 0.8
Multiple phleboliths + organized thrombus 1 0.8
Intercalated duct adenoma 1 0.8
Total 126 100

Diagnosis malignant Number (n) Percentage (%)
Salivary duct carcinoma 9 257
Mucoepidermoid carcinoma 8 228
Acinic cell carcinoma [ 17.2
Adenocarcinoma 4 1.3
Adenoid cystic carcinoma 2 57
Lymphoma 2 5.7
High-grade carcinoma 1 29
Myoepithelial carcinoma 1 29
Angiosarcoma 1 29
Leiomyosarcoma 1 2.9
Total 35 100

10
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TABLE 2: Correlation between MRI & histopathology and
diagnostic values of MRl in PA.

MRI PA Others Total
PA 44 13 57
Others 9 95 104
Total 53 108 161
Quantity Number (n} Quantity Percentage
True positive 44 Sensitivity 83.0
True negative 95 Specificity 87.9
False positive 13 Accuracy 86.3
False negative 9

MRI: Magnetic resonance imaging; PA: Pleomorphic adenoma.

86.3%, PPV 77.2%, and negative predictive value
91.3% (Table 2).

CYSTADENOMA LYMHOMATOSUM/WARTHIN'S
TUMOR

The analysis found 47 true positive cases, 97 true
negative cases, nine false positive cases, and eight
false negative cases for cystadenoma lymhomato-
sum (CAL). The sensitivity, specificity, and accu-
racy of MRI for detecting Warthin’s tumor were
85.4%, 91.5%, and 89.4%, respectively. A PPV of
83.9% and a negative predictive value of 92.4%
(Table 3).

NON-CLASSIFIED TUMOR

When evaluating MRI to detect NCT, there were 28
true-positive cases, 107 true-negative cases, 11 false-
positive cases, and 15 false-negative cases. The sen-

TABLE 3: Correlation between MRI & histopathology and
diagnostic values of MRI in CAL.

MRI CAL Others Total
CAL 47 9 56
Others 8 97 105
Total 55 106 161
Quantity Number (n}) Quantity Percentage
True positive 47 Sensitivity 85.4
True negative 97 Specificity 91.5
False positive 9 Accuracy 89.4
False negative 8

MRI: Magnetic resonance imaging; CAL: Cystadenoma lymhomatosum.

11

TABLE 4: Correlation between MRI & histopathology and
diagnostic values of MRIin NCT.

MRI NCT Others Total
NCT 28 11 39
Others 15 107 122
Total 43 118 161
Quantity Number (n} Quantity Percentage
True positive 28 Sensitivity 65.1
True negative 107 Specificity 90.7
False positive 1" Accuracy 83.8
False negative 15

MRI: Magnetic resonance imaging; NCT Non-classified tumor.

TABLE 5: Correlation between MRI & histopathology and
diagnostic values of MRI in NNL.

MRI NCT Others Total
NNL 8 8
Others 2 151 153
Total 19 151 161
Quantity Number (n} Quantity Percentage
True positive 8 Sensitivity 80
True negative 151 Specificity 100
False positive Accuracy 98.7
False negative 2

MRI: Magnetic resonance imaging; NNL: Non-neoplastic lesion.

sitivity of MRI for NCT was determined to be 65.1%,
specificity 90.7%, accuracy 83.8%, PPV 71.8%, and
negative predictive value 87.7% (Table 4).

NNL

The investigation of the ability of MRI to detect
NNLs revealed eight true positive cases, 151 true
negative cases, and two false negative cases. There
were no false-positive cases for NNL. Regarding
NNLs, MRI was found to have a sensitivity, speci-
ficity, and accuracy of 80%, 100%, and 98.7%, re-
spectively. The positive predictive and negative
predictive values were 100% and 98.7% (Table 5).

Figure 1 summarizes the diagnostic parameters
of conventional MRI, including sensitivity, speci-
ficity, accuracy, and positive and negative predic-
tive values for PA, CAL, NCT, NNL, and
malignancies.
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FIGURE 1: Diagnostic parameters of magnetic resonance imaging on evaluating different types of parotid gland masses.
PA: Pleomorphic adenoma (navy blue); CAL: Cystadenoma lymhomatosum (light blue); NCT: Non-classified tumor (lime green); NNL: Non-neoplastic lesion (mint green);
OA: Overall (orange); PPV: Positive predictive value; NPV: Negative predictive value.

I DISCUSSION

In current practice, it is generally accepted to use fine
needle aspiration cytology (FNAC) and MRI together
for the preoperative diagnostic evaluation of masses
in the parotid region.!! A study conducted by Paris et
al. demonstrated that for detecting malignant tumors
of the parotid gland, FNAC and MRI had a sensitiv-
ity, specificity, and accuracy of 81%, 95%, and 92%
and 87%, 94%, and 93%, respectively. However,
using FNAC and MRI together resulted in 100% sen-
sitivity, 88% specificity, and 91% accuracy.'?

MRI is preferred over CT for examining parotid
masses because it provides non-invasive cross-sec-
tional imaging and superior soft tissue resolution.'*!*
Although conventional MRI scans take a long time
and can be uncomfortable due to the enclosed space,
new technologies are being developed to address
these issues.'*

Ultrasound is a fast and convenient imaging op-
tion that is safe, non-invasive, and comfortable for
patients. However, it has certain limitations, such
as being dependent on the operator and unable to
image deeper structures. Regarding the detection of

12

parotid tumors, the accuracy levels of sensitivity,
specificity, and accuracy are 62%, 91%, and 85%,
respectively.!®

The efficacy of 18-fluorodeoxyglucose positron
emission tomography is currently under investiga-
tion. This assessment does not yield sufficient data
for identifying parotid tumors, even when integrated
with CT imaging.’

The normal parotid gland tissue is typically hy-
perintenser compared with the surrounding muscles
but hypointense compared with the fat tissue on TIW
images. The gland capsule is thin and regular. The
Stensen’s duct runs through the buccal fat pad, lat-
eral to the masseter muscle, before entering the buc-
cal muscle. It is visible on T1W as a hypointense and
on T2W images as a canalicular structure a few mil-
limeters in diameter. Although the extraparotid seg-
ments of the duct can be followed, the intraparotid
portions are not easily distinguishable. Similarly, it
is difficult to determine the optimal course of the fa-
cial nerve within the parotid gland. Physiologically,
numerous well-circumscribed, homogeneous cortical
enhancement lymph nodes without necrosis can be
observed within the gland. Lastly, the external carotid
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TABLE 6: Diagnostic value of magnetic resonance imaging in predicting malignant parotid gland tumors.

Study P ™
Lechner et al.? 13 4
Yerli et al.2! 4 19
Inohara et al.”? 17 55
Takashima et al.” 13 30

FP
3
0
5

22

FN Sensitivity (95% ClI) Specificity (95% CI)
8 81 93

1 80 100

4 81 92

7 65 58

TP: True positive; TN: True negative; FP: False positive; FN: False negative; Cl: Confidence interval.

artery and retromandibular vein are visible as tubular
structures with variable intensity on T1 images and a
hyperintense appearance following gadolinium in-
jection, 18

Determining the origin of a tumor within the
parotid gland is crucial for selecting the appropriate
surgical approach, especially when the tumor is
large or situated deep. Three criteria on MRI are in-
strumental in confirming the parotid origin of the
lesion: Medial displacement of the parapharyngeal
fat, the lateral center of mass relative to the para-
pharyngeal space, increased spacing between the
posterior styloid process, and the anterior mandibu-
lar angle.!""?

In the literature, studies have investigated the di-
agnostic value of conventional MRI but have pri-
marily focused on distinguishing between malignant
or benign lesions, revealing sensitivity of 65-81% and
specificity of 58-100% (Table 6).2°>3 Our result for
the overall diagnostic capability of conventional MRI
correlated with previous research with a sensitivity
of 71.4% and specificity of 92%, mostly adhering
with the results of Inohara and Lechner.?*?

We classified the lesions into four groups and
then investigated the diagnostic values of MRI for
these specific tumor groups. The results indicate
that MRI effectively excludes suspected diagnoses,
as shown by the high specificity and negative pre-
dictive value for overall and all tumor classifica-
tions. However, when examining the sensitivity and
PPV, the strength of MRI decreased, especially for
NCT. The sensitivity and PPV of MRI tend to in-
crease in specific tumor groups such as PA and
CAL.

13

FIGURE 2: Presentation of pleomorphic adenoma in magnetic resonance imaging.
A) Axial T1W image representing the hypointense tumor with lobulated margin
(grey arrows); B) Axial T2W image illustrating the tumor with bright signal intensity
and well demarcation line (whitearrows); C) Axial T1W C+ with gadolinium scan
shows heterogeneous contrast enhancement of the tumor (black arrows).

PA is the most common benign tumor found in
the parotid gland. Macroscopically, it is well-demar-
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FIGURE 3: Presentation of cystadenoma lymphomatosum in magnetic resonance
imaging. A) Axial T1W image showing a hypointense lesion with regular margins
(grey arrows); B) Axial T2W image presenting the mass with moderate signal in-
tensity (white arrows); C) Axial T1W C+ scan reveals moderate and heterogeneous
enhancement with gadolinium (black arrows).

cated from the surrounding parenchymal tissue, has a
lobulated contour, and may even include peripheral
satellite nodules. Microscopically, it consists of a fi-
bromyxoid stroma of the canalicular epithelium and
spindle-shaped myoepithelial cells, which can vary

14

in appearance from myxoid, loose, or chondroid de-
pending on their cell component. The characteristic
hyperintense appearance on the T2W images is due to
the water-rich nature of the myxoid component. Hy-
pointensite areas on T2W images can occur due to
high cellularity.** Although the tumor is generally ho-
mogeneous, it can appear heterogeneous due to
necrotic areas (Figure 2).%

Cystadenoma lymphomatosum, also known as
Warthin’s tumor, is the second most common be-
nign tumor of the parotid gland, accounting for
nearly 10% of cases.” Its soft consistency, well-de-
fined boundaries, and cystic content characterize
it. In approximately 10% of cases, the tumor can
be multifocal or bilateral within the same gland.?®
Histologically, it includes cysts and pseudopapil-
lary structures surrounded by large eosinophilic ep-
ithelial cells with an oncocytic appearance. A
peripheral sheet of lymphoid tissue is typically ob-
served. On MRI, CAL generally appears iso- or hy-
on TIW
nonspecific focal hyperintensities can be seen; on

pointense images, although rare
T2W images, it is typically hypo- or isointense.
Gadolinium-enhanced imaging does not show en-

hancement (Figure 3).%’

I CONCLUSION

This study highlights the significance of MRI in the
diagnosis of parotid masses. It competes with FNAC,
which performs cellular analysis regarding overall
sensitivity, proving to be a successful non-invasive
method. The specificity and negative predictive value
were generally higher for all tumor classifications in
the parotid gland. With identifiable specific MRI
findings, the sensitivity and PPV increased for PA
and Warthin’s tumor. Considering the significance of
not neglecting false positive and false negative cases,
especially in NCT where the sensitivity of MRI sig-
nificantly decreases, the combined use of MRI and
FNAC still assists otolaryngology surgeons in man-
aging parotid masses.
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