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Objectives: The purpose of this study was to evaluate the accuracy of MRI combined with
diffusion-weighted imaging (DWI) vs fine-needle aspiration cytology (FNAC) in diagnosing
common parotid masses.
Methods: 25 consecutive patients (mean age 61 years) with parotid masses were included in
this study. Informed consent and ethical approval was obtained. 22 patients underwent both
MRI combined with DWI and FNAC. From DWI data, apparent diffusion coefficient maps
were generated. The MRI study protocol consisted of T1 weighted spin echo; T2 weighted and
T2 weighted fat-suppressed turbo spin echo; DWI; and T1 weighted fat-suppressed post-
contrast images. MRI and FNAC diagnoses were compared with histopathology. Youden’s
index was used to compare the two methods.
Results: Masses comprised eight Warthin tumours, eight adenomas (six pleomorphic
adenomas, two basal cell adenomas), five carcinomas, two lipomas, one haemagioma and
one benign lymphadenopathy. Technically, MRI was successful in 24 of the 25 patients
(96%), FNAC was successful in 20 of the 23 patients (87.0%). The accuracy, sensitivity and
specificity of MRI without DWI were 96%, 80% and 100%, respectively. Diagnostic accuracy
did not increase by adding DWI to conventional MRI; however, DWI was helpful for
diagnosing benign tumour histology. MRI combined with DWI was successful for
determining accurate tumour typing in all benign masses except one lymphadenopathy.
When FNAC had adequate material the accuracy, sensitivity and specificity were 95%, 75%
and 100%, respectively. Youden’s index was 0.80 for MRI and 0.75 for FNAC.
Conclusions: MRI combined with DWI seems to have similar diagnostic potential as FNAC
in differentiation of benign vs malignant parotid masses.
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Introduction

MRI and fine-needle aspiration cytology (FNAC) are
widely used methods for evaluation of parotid gland
masses and surgical planning. MRI indicates the deep or
superficial location of the parotid gland mass, as well as
any additional mass that cannot be determined by

physical examination, tumour extension, tumour contour,
signal features, and the relation between the tumour and
the facial nerve. Apparent diffusion coefficient (ADC)
values calculated from diffusion-weighted imaging (DWI)
data provide additional quantitative information related
to random diffusion of water molecules in tissues and
functionally complement conventional MRI.1–4 Fine-
needle aspiration cytology, which provides a cytological
diagnosis, is a minimally invasive and easy to perform
diagnostic procedure; however, the most significant
problem with FNAC is that the procedure frequently
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obtains inadequate material, thus making evaluation
impossible5,6.

To the authors’ knowledge, the ability of MRI combined
with DWI and of FNAC to diagnose common parotid
masses has not been compared. In this study the accuracy
of MRI combined with DWI is evaluated and compared
with that of FNAC in diagnosing common parotid masses.
The diagnostic accuracy of both methods was compared
with histopathological results obtained from surgical
specimens, which served as the gold standard.

Materials and methods

Patients
25 consecutive patients (16 women, 9 men, aged 31 to 90
years, mean age 61 years) with parotid masses were
included in the study over a period of 2 years. MRI could
not be performed in one patient who had cervical
osteoarthritis. FNAC could not be performed in one
patient whose parotid tumour was in the parapharyngeal
area. One patient with facial nerve paralysis had a mass
that showed perineural extension on MRI examination.
This patient underwent surgery without FNAC. In total,
22 patients were assessed with both MRI combined with
DWI, and FNAC. The project was approved by the
ethics committee of Baskent University hospital, and
informed consent was obtained from all patients.

MRI and DWI
MRI examinations were performed with a 1.5-T system
(MAGNETOM Symphony; Siemens Healthcare, Er-
langen, Germany) using a phased-array head and neck
coil. MRI protocol consisted of T1 weighted (T1W) spin-
echo (SE) (time to repeat /time to echo (TR/TE): 500/
14 ms), T2 weighted (T2W) turbo SE (TR/TE: 3800–
4140/90 ms) and fat-suppressed T2W sequences (TR/TE:
4120–4160/90 ms) in the axial plane with 5-mm slice
thickness. DWI was performed with an echoplanar
SE sequence (TR/TE, 3400/94 ms; field of view,
1606 160 mm; matrix, 1286 128; excitations, 5; and
slice thickness, 5 mm) in the axial plane with three
different b-values (0, 500 and 1 000 mm2 s21). Acquisi-
tion time for DW MRI was 1 min 40 s. Finally, axial,
coronal and sagittal fat-saturated T1W SE sequences
were obtained after a body weight-adapted injec-
tion of 0.1 mmol kg21 of gadopentetate dimeglumine
(Magnevist, Bayer Schering Pharma, Berlin, Germany).
The ADC of each mass was measured using a circular
region of interest. Measurements were performed in
solid tumour components and cystic–necrotic parts were
excluded from measurements.

For conventional MRI readings, criteria from the
literature, for diagnosing parotid gland masses were
used.3,4,7–12 Round or lobulated, well-defined contours,
low-intensity rims representing a capsule, homogeneous
hyperintense signal intensity on T2W images and
multinodular enhancement were accepted as benign

mass characteristics. Masses matching these criteria
with ADC values greater than 1.36 1023 mm2 s21 were
diagnosed as adenomas and masses with ADC values
lower than 1.16 1023 mm2 s21 as Warthin tumours7.
Masses showing homogeneous hyperintense signal
intensity on both T1W and T2W images and low signal
of fat with fat-suppressed T2W images were diagnosed
as lipomas. Masses showing focal signal voids were
diagnosed as haemangiomas. Irregular tumour margins,
invasion into adjacent structures, heterogeneous hypoin-
tense signal intensity on T2W images and intermediate
ADC values between 1.1–1.36 1023 mm2 s21 were
accepted as malignant mass features.7,13 All MRI scans
were evaluated by two radiologists in consensus, both of
them with over 5 year experience in the field of head and
neck radiology.

FNAC
All FNAC procedures were performed under ultrasound
guidance (Hitachi, EUB 6500; Hitachi Medical Systems
(S) Pte Ltd, Singapore) by two interventional radiologists,
both with over 5 years of experience in FNAC. A 22G
needle was used and at least two needle passes were
performed. The material obtained was spread on micro-
scopic slides with approximately 10 slides prepared
for each aspiration. Air-dried and alcohol-fixed smears
were stained with May–Grünwald–Giemsa and with
haematoxylin/eosin. All FNAC diagnoses were made by
the same pathologist with 5 years of experience in FNAC.

Histopathological diagnosis
All patients underwent parotid mass surgery and, after
complete excision, histopathological diagnosis of the
surgical specimens was obtained and used as the gold
standard diagnosis. Diagnosis of MRI DWI and FNAC
were then compared.

Statistical analysis
Youden’s index (Y 5 sensitivity + specificity 2 1) was
used to compare the diagnostic performance of both of
the pre-operative methods. Differences among the ADC
values for Warthin tumours, adenomas and carcinomas
were assessed using Kruskal–Wallis variance analysis. A
multiple comparison test was then performed to deter-
mine which groups differed from each other.14

Results

Masses
Histological diagnoses found adenoma in eight cases
(six of these were pleomorphic adenomas (Figure 1)
and two were basal cell adenomas), Warthin tumour in
eight cases (Figure 2), carcinoma in five cases (three of
which were adenoid cystic carcinomas and two which
were adenocarcinomas (Figure 3)), lipoma in two cases,
haemangioma in one case and benign lymphadeno-
pathy in one case. The mass diameter ranged from 12 to
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25 mm on the short axis (mean, 16.2 mm) and from 16
to 40 mm on the long axis (mean, 23.4 mm).

MRI and DWI findings
In 24 of 25 patients (96%) MRI examination was tech-
nically successful; one patient could not remain in the ap-
propriate scan position because of cervical osteoarthritis.

None of the patients had any adverse reaction to the
injected contrast material. Irregular tumour margins
and heterogeneous hypointense signal on T2W images
were helpful in diagnosing malignant parotid masses
(Figure 3a). Four out of five carcinomas (80%) showed
irregular contours on MRI. Three out of five carcinomas
(60%) had heterogeneous hypointense signal intensity on
T2W images. One adenoid cystic carcinoma, which had
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Figure 1 A pleomorphic adenoma in the superficial lobe of the left parotid gland of a 70-year-old woman. (a) An axial T1W image (500/14, TR/
TE) showing a mass lesion that is hypointense (arrow) to gland parenchyma and isointense compared with muscle. (b) An axial T2W image (3800/
90, TR/TE) showing a mass lesion that is isointense (arrow) with gland parenchyma and hyperintense compared with muscle. (c) An apparent
diffusion coefficient (ADC) map showing a solid lesion (arrow) with high ADC (1.5461023 mm2 s21). (d) An image of fine-needle aspiration
cytology (FNAC) showing spindle-shaped mesenchymal cells intermingled with epithelial cells (haematoxylin and eosin 620 original
magnification). (e) A histological section of the tumour showing biphasic appearance of pleomorphic adenoma resulting from the intimate
admixture of epithelium and stroma separated from the surrounding salivary gland tissue by an intact fibrous capsule (haematoxylin and eosin
610 original magnification)
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almost a cystic structure, had well-defined contours. 18 out
of 19 benign masses (94.7%) had well-defined contours.
The accuracy, sensitivity, specificity and negative and
positive predictive values of conventional MRI were 96%,
80%, 100%, 94.7% and 100%, respectively (Table 1).

Statistically significant differences for measured ADC
values were seen between Warthin tumours (mean,
1.02 ¡ 0.136 1023 mm2 s21) and adenomas (mean,
1.75 ¡ 0.406 1023 mm2 s21). The ADC values of carci-
nomas (mean, 1.31 ¡ 0.166 1023 mm2 s21) overlapped
with the ADC values of benign tumours. ADC values for
the two cases of lipomas were 0.086 1023 mm2 s21 and
0.106 1023 mm2 s21, for haemangioma was 0.86 1023

mm2 s21 and for lymphadenopathy was 0.636 1023

mm2 s21. However, the ADC values enabled the differ-
entiation of adenomas from Warthin tumours.
Therefore, MRI combined with ADC calculation was
successful in determining accurate tumour typing in 18 of
the 19 benign masses (94.7%).

FNAC findings
In 23 patients FNAC was performed successfully. In 3 of
the 23 patients (13.0%) FNAC delivered insufficient
material. Ultrasound guided FNAC was technically
successful in 20 of 23 patients (87.0%). When the
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Figure 2 A Warthin tumour involving the superficial and deep lobes of the right parotid gland of a 60-year-old man. (a) An axial T1W image
(500/14, TR/TE) showing a hypointense mass lesion (arrow) relative to gland parenchyma and isointense to muscle, enclosed in a rim of low signal
in the posterior portion of the mass. (b) An axial T2W image (3800/90, TR/TE) showing a hypointense mass lesion (arrow), relative to the gland
parenchyma and isointense to muscle, enclosed in a rim of low signal in the right lateral portion of the mass. (c) An apparent diffusion coefficient
(ADC) map image showing the lesion (arrows) with low ADC of 0.626 1023 mm2 s21. (d) An image of fine-needle aspiration cytology (FNAC)
showing flat sheets of oncocytic cells surrounded by lymphocytes (haematoxylin and eosin 6 20 original magnification). (e) A histological section
of the tumour showing lymphoid stroma surrounded by large epithelial cells with oncocytic features arranged in two layers (haematoxylin and
eosin 610 original magnification)
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FNAC had adequate material, the accuracy, sensitivity,
specificity and negative and positive predictive values
were 95%, 75%, 100%, 94% and 100%, respectively
(Table 1). No minor or major complications were seen
during or after the procedure.

Table 1 shows the performance values of conventional
MRI and FNAC for differentiating benign from
malignant parotid masses. Youden’s index was 0.80 for
MRI and 0.75 for FNAC. The results for MRI combined
with DWI vs FNAC in diagnosing the specific histolo-
gical type of common parotid masses are compared in
Table 2.

Discussion

Pre-operative diagnosis of the type of parotid mass can
help the surgeon determine the most suitable surgical
procedure. MRI provides morphological information
of the mass and DWI provides functional information
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Figure 3 An adenocarcinoma located in the deep lobe of the left parotid gland of a 62-year-old man. (a) A non-contrast axial T2W image (3800/
90, TR/TE) showing a heterogeneous hypointense mass (arrows) relative to the gland parenchyma. Note the ill-defined contour of the lesion. (b)
A non-contrast axial T1W image (500/14, TR/TE) showing mass (arrows), hypointense to gland parenchyma. (c) An apparent diffusion
coefficient (ADC) map image showing the lesion (arrows) with an intermediate ADC of 1.19 6 1023 mm2 s21. (d) An image of FNAC showing a
cluster of pleomorphic and atypical epithelial cells (hematoxylin and eosin 6 20 original magnification). (e) A histological section of the tumour
showing adenocarcinoma infiltration in desmoplastic stroma (hematoxylin and eosin 6 20 original magnification)

Table 1 Performance values of MRI and fine-needle aspiration
cytology (FNAC) for differentiating benign from malignant parotid
masses

Diagnostic performance MRI FNAC*

Accuracy (%) 23/24 (96) 19/20 (95)
Specificity (%) 19/19 (100) 16/16 (100)
Sensitivity (%) 4/5 (80) 3/4 (75)
Negative predictive value (%) 18/19 (94.7) 16/17 (94)
Positive predictive value (%) 4/4 (100) 3/3 (100)

*Ratios for FNAC based on biopsy with adequate material
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related to the random water diffusion of the mass. The
ADC of a parotid mass can be calculated quantitatively
from DWI data.1,2 The ADC calculation has been
reported as helpful for narrowing the differential
diagnosis of parotid masses.3,4,7 Thus, the aim of this
study was to evaluate the accuracy of MRI combined
with DWI vs FNAC.

The accuracy of conventional MRI sequences in the
diagnosis of common parotid masses is controversial,
although some parotid tumours, such as haemangioma
and lipoma, can be differentiated based on MRI signal
features.7–13,15 In the present study, one lipoma and one
haemangioma which were not diagnosed by FNAC, had
characteristic MRI findings (Table 2). The mass contour
feature is still the most important criterion, and irregular
tumour margins may still be useful in differentiating
malignant parotid masses from benign masses.8–10

Additionally, measuring ADC values for the mass may
only assist in determining the specific histological type of
benign parotid mass. The ADC values of carcinomas can
overlap with those of Warthin tumours.7 In the present
series, all Warthin tumours and adenomas could be
differentiated with the combination of conventional
MRI and ADC values, whereas an overlap between
carcinomas and benign lesions was noted. DWI helped
in determining the specific histological type of common
benign parotid masses although diagnostic accuracy did
not improve by adding DWI to conventional MRI.

In this study’s population no contraindications to
MRI were present (for example, claustrophobia, im-
planted pacemakers, aneurysm clips, coronary stent or
graft, or intra-auricular metallic implants), nor were any
complications related to the use of contrast material.
High accuracy (96%) and technical success rate (96%)
were determined for MRI. Post-contrast images did
not add value to the diagnosis of conventional MRI
combined with DWI for parotid masses. Application
of the contrast material appears unnecessary for

differentiating parotid masses unless it is applied in a
dynamic study.8

In the present study, when FNAC had adequate
material, it had an accuracy (95%) similar to that of
MRI. In the literature, the accuracy of FNAC ranges
from 84% to 97%, which is similar to the present results.
One important problem when using FNAC is that there
is frequently inadequate material, which makes cytologi-
cal diagnosis impossible. In the literature, non-diagnostic
FNAC rates have been reported as ranging between 5.6%
and 10%.5,6 In the present study inadequate material was
observed in 13% of the patients. Studies reported in the
literature point out that repeating FNAC in instances of
inadequate material increases the success of the proce-
dure; repetitive FNAC procedures were not performed in
this study. This may be the cause of the relatively high
non-diagnostic ratio. Also, in this series, the presence of
two basal cell adenomas, which are difficult to diagnose
by FNAC, could have contributed to the high non-
diagnostic ratio.

This study did not encounter any complications
related to the biopsy procedure. Risks related to
malignant cell implantation along the needle tract
during FNAC of malignant parotid tumours have not
been reported in the literature; however, squamous
metaplasia of original oncocytic epithelium and infarct
can develop in Warthin tumours after FNAC.16

Although FNAC is a safe method, the relatively high
non-diagnostic ratio in FNAC is one limitation of the
method. Thus, some of the advantages of MRI, such as
high technical success and valuable morphological and
functional information, may increase the use of MRI in
the management of this patient population.

One of the limitations of this study is that a surface
coil was not used during DWI; this decreases suscept-
ibility artefacts that are common in the neck region.
Eida et al suggests that small surface coils for DWI of
the neck region can be used to obtain high resolution
ADC maps.17 Another limitation of the study might be
the small number of patients in this series.

In conclusion, conventional MRI and FNAC are
valuable modalities for differentiating benign from
malignant parotid masses. Furthermore, based on this
study, when compared with FNAC, the combination of
MRI and DWI with ADC calculation may have a
similar diagnostic value for determining specific histo-
logical types of common parotid masses. However, the
results suggest a potential role for MRI combined with
DWI, including additional advantages in parotid
tumour characterization, in clinical practice.
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