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Abstract
Objective: To determine the diagnostic accuracy of Magnetic Resonance Imaging (MRI) to
differentiate Benign and Malignant Parotid Gland Tumors taking histopathology as gold standard.
Design: Cross sectional study.
Place and duration of study: Department of Diagnostic Radiology, Lahore General Hospital, Lahore
from January till July 2014.
Methodology: 200 patients of age between 5 to 80 years of either gender with parotid gland swelling,
having radiological evidence and clinical suspicion of parotid tumour like fixation to underlying skin,
pain, facial palsy and cervical lymphadenopathy were taken. T1 and T2 plain and contrast enhanced
1.5 Tesla MRI unit using standard imaging coil was then carried out. Imaging was further evaluated
for the presence or absence of benign or malignant parotid gland tumours using histopathology as a
Gold standard. Sensitivity, specificity, positive predictive value, negative predictive value and diagnostic
accuracy of MRI were taken against the gold standard.
Results: There were 170 males and 30 females having mean age of 40.27±15.04 and 40.12±12.15
years respectively. Sensitivity, specificity, positive predictive value and negative predictive value of MRI
were 90.4%, 89.33%, 93.39% and 84.41% respectively. The diagnostic accuracy of MRI to differentiate
benign and malignant parotid gland tumours was 90%. These results were taken against surgery
histopathology as a gold standard.
Conclusion: MRI is highly accurate in differentiating malignant & benign tumours of parotid glands and
can be used as an adjunct to histopathology for pre-operative evaluation of the parotid gland tumours.

Introduction
Salivary gland tumours constitute 3% of all head and neck tumours. Out of the
parotid gland tumours account for 80%. Female to male ratio is 1.04: 1 with mean age
of 47 years. Global incidence of these tumours is 0.4-13.5 per 100,000 annually [1-5].
20–25% of the parotid gland tumors are malignant, while 40% are of submandibular
glands and more than 90% are of sublingual glands [6-8]. Out of benign tumors
pleomorphic adenoma is the most frequent (83%) followed by Warthins tumor.
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Amongst malignant tumours, mucoepidermoid carcinoma (49.3%) followed by
adenoid cystic carcinoma (31.3%) are common. Parotid swelling for years is the main
feature of benign, whereas malignant tumors present with pain, ixation to skin and
underlying structures, cervical lymphadenopathy and facial palsy [9-11].
Several diagnostic tests including ine needle aspiration cytology (FNA) and imaging
modalities have been used to answer about benign or malignant nature of the parotid
mass but Magnetic resonance imaging (MRI) is considered as a non invasive modality
and has high accuracy against other imaging modalities like sonography and CT scan
[12]. It gives information about exact localization of the lesion, its extent, relationship
with the neighboring structures, perineural spread, bone invasion and even meningeal
in iltration [13]. Speci ic signs predictive of malignancy are hypointensity of tumor on T2
Weighted images, ill de ined margins, diffuse growth, in iltration into subcutaneous tissue
and lymphadenopathy. Out of them, hypointensity and ill-de ined margins are highly
suggestive of a malignancy [14]. The additional advantage of Magnetic resonance imaging
is the visibility of retromandibular vein, hence differentiating between super icial and
deep lobes of parotid gland which is important for the choice of surgical procedure [15].
These anatomical details are important because the treatment for benign parotid gland
tumors is super icial parotidectomy, while total parotidectomy with or without facial
nerve removal is performed for malignant tumors [16].
To best of our knowledge no local study is available till now and the international
studies that have done so far shown a great variability in results. The purpose of this study
was to assess the diagnostic accuracy of Magnetic resonance imaging through subjective
analysis of the parotid masses imaging features to differentiate benign and malignant
parotid gland tumours, so as to consider it valuable, non invasive, safe and convenient
modality for early detection, surgical planning and thus obviate the role of biopsy.

Methodology
A Cross-sectional study was conducted at the Radiology Department of Lahore General
Hospital, Lahore from January till July 2014. Total of 200 patients were included in the
study having age ranging from 5 to 80 years, of either gender, had previously diagnosed
parotid gland tumour on imaging (ultrasound or CT) or having clinical suspicion of parotid
gland tumours such as parotid swelling, ixation to underlying skin and subcutaneous
tissue, pain, facial palsy and cervical lymphadenopathy. Patients having contraindication
to MRI, post-operative parotid gland tumours, residual or recurrent tumours and those
who do not give consent were excluded from the study.
Informed consent was taken by all patients. Demographic features i.e. age and gender
were recorded. MRI on a 1.5-T Philips whole body MR system using standard imaging
coil was then carried out. T2-weighted, both unenhanced and contrast-enhanced T1weighted images in the axial, sagittal and coronal projections were obtained. Image
interpretation was done by single radiologist under the supervision of a senior
radiologist. MRI diagnosis i.e. presence or absence of parotid gland tumor was recorded
and biopsy (FNAB) was done for all the cases. Tumors showing ill-de ined margins,
in iltration into adjacent tissues, hypointensity on T2 and lymphadenopathy were
diagnosed as malignant. Histopathological results were then recorded. The results of
MRI and histopathology were then compared taking histopathology as a gold standard.
The collected data was analyzed with SPSS version 16. For quantitative data like age,
mean and standard deviation were calculated. For qualitative data i.e. gender, frequencies
and percentages were calculated. A 2 x 2 table was used to calculate sensitivity, speci icity,
positive predictive value, negative predictive value and accuracy of MRI for parotid gland
tumors taking histopathology as a gold standard.
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Results
Out of 200 patients, there were 170 males and 30 females. Mean age of male and
female patients was 40.27±15.04 and 40.12±12.15 years respectively. Youngest
patient age was 10 years for male and 15 years for female, but the eldest patient age
was same for both the genders i.e. 80 years. Based on MRI imaging characteristics 125
patients were labelled as having benign and 75 as having malignant tumours (Figure
1), while histopathological indings diagnosed 121 parotid tumours as benign and 79 as
malignant tumours (Figure 2). On both the modalities i.e. on MRI and Histopathology,
113 patients were diagnosed as benign and 67 patients as having malignant parotid
gland tumours (Image 1). Total of 20 patients had contradictory results, out of them 12
patients were diagnosed as benign on MRI but they were malignant on histopathology.
Similarly 8 patients were diagnosed as having malignant tumour on MRI but on
histopathology they were found to be having benign features (Table 1). Sensitivity,
speci icity, positive and negative predictive value of MRI was 90.4%, 89.33%, 93.39%
and 84.41% respectively. The overall diagnostic accuracy of MRI was found to be 90%
while taking results of histopathology as a gold standard.

Figure 1: Diagnosis on Magnetic Resonance Imaging.

Figure 2: Diagnosis on Histopathology.

Image 1: Right sided Parotid tumor (black arrow) on T2 weighted images MRI.

Table 1: Diagnostic accuracy comparison of MRI & Histopathology to differentiate benign and malignant parotid gland Tumors.
MRI
Benign
Histopathology
Total
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Malignant

Total

Benign

113

8

Malignant

12

67

121
79

125

75

200

082

Diagnostic accuracy of Magnetic Resonance Imaging to differentiate benign and Malignant Parotid Gland Tumors

Discussion
Although majority of the parotid gland tumours are benign but still it is of major
importance to determine non invasive imaging method to distinguish between benign
or malignant parotid gland tumours and their anatomical extent preoperatively,
because it primarily in luence the choice of surgical procedure i.e. super icial versus
total parotidectomy [16,17].
Fine needle aspiration biopsy (FNAB) have been reported unreliable in distinguishing
some speci ic classi ication of benign and malignant tumors and is prone to diagnostic
error [18-20]. MRI has an advantage with respect to its noninvasiveness, lack of
radiation hazard, excellent soft tissue resolution and potentially more promising
imaging sequences like diffusion weighted and dynamic contrast enhanced MRI which
are having more potential to detect different histological types of parotid gland tumors
non-invasively [17,21-25].
Here in our study, we have inferred that the MRI can provide insight into the benign
and malignant characteristics of parotid gland tumours owing to its high speci icity and
accuracy. It not only establishes a diagnosis but also helps in assessment of clinically
questionable parotid gland lesions. Its diagnostic accuracy was found to be 90% which
is comparable to the FNAB found in previous literature [19].
The study was conducted on 200 patients, which to our knowledge is the largest
sample size taken so far for different studies done on the MRI of salivary gland tumors.
Due to inclusion of children 5 years and onward in our study, the age range was
variable. The youngest patient was of 10 years and eldest was 80 years old with a
mean age of 40 years. These results are comparable with the latest available study
where they found age range between 9 to 85 years and the median age of 56 years.14
Our study is also strengthening the internationally accepted view that benign parotid
gland tumors are more common than malignant and that parotid gland tumors have no
signi icant sex predilection [1426,27].
Although variable results have been found in the international literature but overall
our results are comparable to most of them. Bartels S. and colleagues retrospectively
selected forty-eight patients of parotid tumors of any histology out of ive hundred
and eighty six (13 investigated with CT, 35 with MRI); 23 (48%) of the lesions were
malignant and 25 (52%) were benign. MRI, CT, and FNA misclassi ied 17%, 46%,
and 21% of the lesions respectively, indicating MRI being the least contributor in
misdiagnosis thus comparable to our results which showed MRI misinterpreting 10
% of the patients. Sensitivity, speci icity and accuracy for detecting malignant lesions
on MRI and FNA were as follows: MRI (88%, 77%, 83%) and FNA (83%, 86%, 85%)
respectively. The investigators concluded that imaging and FNA are comparable in
their ability to correctly identify malignant parotid lesions preoperatively and that
combining the two modalities yields no advantage in terms of sensitivity, speci icity,
and accuracy of a malignant tumor diagnosis. The results also added that MRI is the
irst test of choice, because it was not only as effective as FNAB at labeling the suspicion
of malignancy but also provide detailed anatomical information about the extent of the
primary tumor and adjacent lymph nodes [28].
Claudia Rudack et al. included 109 patients out of 582 who underwent CT or MRI
and reported that MRI investigation has a sensitivity of 98%, a speci icity of 52% and
an accuracy of 84% [29].
Inohara H et al. conducted retrospective study and took 81 patients of parotid mass
lesions (60 benign and 21 malignant) who had undergone FNAC and MRI preoperatively.
They found sensitivity, speci icity and accuracy of MRI for the differentiation of benign
and malignant parotid mass lesions as 81%,92%, 89%, respectively. They concluded
Published: November 07, 2018
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that either FNAC or MRI serve equally to predict the malignant nature of parotid mass
lesions and the combination of FNAC and MRI yielded no diagnostic advantage over
either modality alone [26]. These values are comparable to our results (90.4%, 89.33%
and 90% respectively), but we found MRI more sensitive than this study.
29 operated parotid tumour patients were included in another study. They did
conventional as well diffusion weighted sequences of MRI and calculated the effectiveness
of these MRI sequences, focusing speci ically on the diagnosis of the malignant tumours.
Sensitivity of this examination for the diagnosis of malignancy was much lower than our
results as well as previous studies i.e 90.4 % vs 57% respectively [27]. Small sample size
could be interpreted as a limitation of this study.
H. Yerli et al., found MRI as 80% sensitive, 100% speci ic and 96% accurate in the
assessment of tumour malignancy. They incorporated 25 parotid masses in the study.
They also deduced from the indings that conventional MRI combined with DWI has
similar diagnostic potential [30].
False-positive diagnoses, in detecting the presence of malignant parotid tumour
could result in more radical surgery involving more risk to the patient who might not
actually require lymph node dissection. So preoperative assessment is helpful in avoiding
aggressive surgical plan as well as unnecessary surgery of in lammatory disease and
possible risk to facial nerve injury [13]. In our study, 8 false positive diagnoses were
made on the basis of MRI indings. Bulky mass (more than 5 cm) with compressive
behaviour and/or cystic lesion were interpreted as suspicious on MRI which turned
up as in lammatory lesions, cystic pleomorphic adenomas and Warthin tumours on
histopathology. These errors were probably due to the large size of the tumour leading
to the misinterpretation of its relation to adjacent structures and necrosis.
False-negative diagnoses, in assessing malignancy can lead to conservative surgical
treatment (super icial parotidectomy without lymphadenectomy) in patients who are
actually at risk of lymph node metastases [13]. In our study, 12 false negative diagnoses
were made after assessing the MRI indings. They were mostly misinterpreted as benign
due to small size (less than 5 cm), well de ined margins and con ined nature which were
diagnosed as low grade mucoepidermoid carcinoma, carcinoma ex pleomorphic, acinic
cell carcinoma and solitary metastasis on tissue analysis. This means that the staging
errors may not be only considered to be attributable to insuf icient spatial resolution of
the techniques, but also to subjective interpretative mistakes. Here we have to keep it
also in mind that the low grade malignancy can also have well de ined margins with or
without cystic component and should recommend patients for FNA in equivocal cases.
This study was not free from limitations. Only qualitative analysis of MRI was done
which can generate a subjective error. Single radiologist under one supervisor interpreted
the results and interobserver variability was not assessed. Although the patients included
in the study were good in number but they were taken only from one tertiary care hospital
and might not represent the general population.
In some studies, modern MR techniques such as Dynamic contrast enhanced MRI,
Diffusion weighted MRI and MR spectroscopy have already shown promising results
in depicting effectively the histological features [13,24,31,32]. So further research on
larger scale from different set ups on all MR methods need to be carried out.

Conclusion
MRI has a potential role in characterization and differentiation between benign and
malignant tumours of the parotid glands. It can be used as a promising non invasive
diagnostic modality for pre-operative evaluation, accurate staging, proper surgical
and therapeutic plan of salivary gland tumours, thus avoiding unnecessary biopsy/
FNAC. Sensitivity, speci icity, positive and negative predictive value of MRI was 90.4%,
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89.33%, 93.39% and 84.41% respectively. The overall diagnostic accuracy of MRI was
found to be 90% while taking results of histopathology as a gold standard.
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