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ABSTRACT

Objective: To demonstrate the diagnostic potentials
of MRI, diffusion weighted imaging (DWI), and
apparent diffusion coefficient (ADC) mapping in
the detection of parotid masses correlated to the
histopathological results.

Methods: Study design was retrospective. Fifteen
patients with parotid gland masses were included
as the study group and contralateral normal parotis
glands of same patients were taken as the control
group. Patients with bilateral parotid gland tumors
were excluded, 7 right-sided and 8 left-sided parotid
masses were included in the research. The study
took place at the Department of Radiology, Ankara,
Turkey, between May 2012 and September 2014.

Results: Apparent diffusion coeflicient measurements
of 15 parotis tumors in 1000 and 750 sec/mm? 4-values
with comparison to the contralateral normal gland
parenchyma were demonstrated. Neurofibromas was
predicted as the highest, and lipomas as the lowest
ADC values. Pleomorphic adenomas, Warthin’s
tumor, and normal parotid parenchyma indicate
significant statistical differences from each other on
the basis of mean ADC values (p<0.05).

Conclusion: The DWI and ADC mapping of parotis
gland could aid in the differential diagnosis of benign
and malignant masses.
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arotid glands offer a large variety of different

histologic neoplasms and the MRI explain the
morphology and extent of the parotid tumors.
However, routine MRI could not easily differentiate
parotid tumors, especially histologic  subtypes,
which might influence the surgical procedure and
preoperative characterization of tumors.'” Fine-needle
aspiration cytology (FNAC) was a valuable tool in the
pre-operative diagnosis of parotid gland tumors, but
might cause spread of tumor cells, which could lead to
increased recurrence rate, for pleomorphic adenomas
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and malignant parotid tumors, might also cause
overlapping in the differentiation of some benign and
malignant lesions such as differentiating pleomorphic
adenomas from mucoepidermoid carcinomas and basal
cell adenomas from basal cell adenocarcinomas.'®

Diftusion weighted imaging (DWI) and apparent
diffusion coefhicient (ADC) mapping has been specified
to the microscopic motions of water molecules in the
tissue and identify water balance between intra-extra
cellular compartment.>>” Diffusion weighted imaging
is a high MRI technique that supplies information
about the organization, density, microstructure, and
microcirculation of tissues.'” Apparent diffusion
coefficient, as a quantitative parameter, determines
the specific diffusion capacity of a biological tissue
via combining capillary perfusion and water diffusion
in the extracellular extravascular space."*® Previous
studies'** stated that DWI-ADC mapping, a non-
invasive approach, might be used to define the tumors
of head and neck such as parotid gland tumors, and
shows highest diagnostic potential to characterize the
lesions and define the histologic subtypes of parotid
gland tumors.

In this retrospective study, our aim is to utilize the
diagnostic potentials of MRI-DWI and ADC-mapping
in the detection of parotid masses correlated to the
histopathological results.

Methods. This study was approved by the
institutional ethic committee and written consents
were taken from all patients. This medical research was
acquired according to the Helsinki declaration. Study
design was retrospective. Fifteen patients with parotid
gland masses were included as the study group and
contralateral normal parotis glands of same patients
were taken as the control group. Patients with bilateral
parotid gland tumors were excluded, 7 right-sided and 8
left-sided parotid masses were included in the research.
Exclusion criteria for this retrospective research were
bad image qualitcy on MRI and DWI, presence of
bilateral parotid masses, and unwillingness of patients
to be included in this research.

The MRI of patients was performed between May
2012 and September 2014. The study took place at the
Department Radiology, Ankara, Turkey. After MRI,
histopathologic examinations of parotid masses were
handled by either aspiration or true-cut biopsy, and all
lesions were removed surgically in order to strengthen
and confirm the exact diagnosis.

Magnetic resonance imaging was performed by
1.5 T MR scanner (General Electric, Signa HDx

CRUe

OPEN ACCESS


http://www.smj.org.sa/index.php/smj/index

DWTI in the parotid masses.... Yologlu et al.

1.5T, GE Medical Systems, Milwaukee, WI, USA)
with 8 channel phased array head and neck coil, IV
contrast agent was administered as 0.1 mmol/kg
dosage with 3 mL/sec. injection rate. The MRI and
DWI-ADC mapping protocol are presented in Table 1.
Set of diffusion-weighted images were transferred to
an independent work-station (Advantage Workstation
3.1; GE Medical Systems) in order to perform ADC
maps. Region of interest (ROI) was handled in the
masses and normal contralateral parenchyma; then,
ADC measurements were acquired quantitatively from
the mass regions distant from necrotic and cystic areas,
with regard to enhanced images.

Statistical analysis was performed by using Statistical
Package for Social Sciences Version 15.0 (SPSS Inc.,
Chicago, IL, USA). Fisher’s Q-square test and Mann
Whitney U-test were performed for statistical analysis
of benign and malignant parotid masses, receiver
operating curves (ROC) and area under curve (AUC)
were also obtained to handle optimal cut-off values for
distinguishing benign and malignant masses. The value
of p<0.05 indicated significant statistical differences.
The sensitivity, specificity, and AUC were calculated
with 95% confidence interval (95%CI) for DWI-ADC

mapping.

Results. Patients’ gender, age, and histopathologic
types of parotid tumors is presented in Table 2. Eleven
male and 4 female were included in the study. Their age
ranges between 18 and 78 years (meantSD 49+19.7).
Four pleomorphic adenomas and Warthin’s tumor,
2 lipomas and metastasis of squamous cell carcinoma
of lung, one mixt (epithelial/myoepithelial tumors)
tumor-neurofibroma and reactive lymphoid hyperplasia
cases were involved in this study.

The ADC measurements of 15 parotis tumors in
1000 and 750 seconds/mm? b-values with comparison
to the contralateral normal gland parenchyma were
as follows: mean ADC values of parotid masses were
measured as 1.014-926 for b-values: 750-1000,
863-761 for normal parenchyma. Apparent diffusion
coeflicient values of benign and malignant parotid
masses were regarding to the control group of normal
contralateral parenchyma (b=750 and b=1000). Mean
ADC values for benign masses were 1016-931 for
b-values: 750-1000 and 999-894 for malignant tumors.

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.

Neurofibromas predicted the highest ADC values
(2035-1979 for b-values: 750-1000), lipomas the lowest
ADC values (320-330 for /-values: 750-1000). Cut-off
values were: 1151-921 for Mixt tumor, 906-1271 for
pleomorphic adenomas, and 772-711 for Warthin’s

Table 1 - The MRI and DWI-ADC mapping protocol in 15 patients
with 7 right-sided and 8 left-sided parotid masses.

Mapping protocol Parameters

Before contrast medium injection

Axial plane images T1W, T2W, DWI (b=750), DWI

(b=1000)
Sagittal plane images STIR
Coronal plane images 2w
After contrast medium
injection
Axial plane images T1W (fat saturated)
Coronal plane images T1wW

Parameters of diffusion weighted imaging

B value 750 sec/mm?* 1000 sec/mm?
Scanning sequence “Echo-planar\ “Echo-planar\
spin-echo” spin-echo”
Repetition time 4000 ms 4250 ms
Echo time 75.7 ms 80,6 ms
Section thickness 5 mm 5 mm
Interslice gap 0.5 mm 0.5 mm
Field of view 22x22 cm 22x22 cm
Matrix 128x128 128x128
Image in acquisition 34 34

DWI - diffusion weighted imaging, ADC - apparent diffusion coefficient

Table 2 - Patients’ gender, age and histopathologic types of parotid
tumors in 15 patients with 7 right-sided and 8 left-sided
parotid masses.

Patients Gender  Age Tumor type of the parotid gland
1 M 28 Reactive lymphoid hyperplasia
2 M 71 Metastasis of squamous cell carcinoma
3 F 52 Warthin tumor

4 F 56 Pleomorphic adenoma

5 F 25 Mixt tumor

6 M 78 Pleomorphic adenoma

7 M 18 (Multiple) Neurofibroma

8 M 40 Warthin tumor

9 M 53 Pleomorphic adenoma

10 M 68 Warthin tumor

11 F 27 Pleomorphic adenoma

12 M 57 Warthin tumor

13 M 30 Lipoma

14 M 58 Lipoma

15 M 74 Squamous cell carcinoma

mixt - epithelial/myoepithelial tumors
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Figure 1 - A) Axial ADC mapping image shows hyperintense left parotis mass. The biopsy indicated
pleomorphic adenoma for this patient. B) T2W MR image indicating a left parotis mass

of a patient with Warthin tumor.

tumor under b-values: 750-1000. Pleomorphic
adenomas and Warthin’s tumor, pleomorphicadenomas,
and normal parotis parenchyma were differentiated from
each other with statistical significance (p=0.021). In
this study, the highest ADC value was in neurofibroma
and the lowest ADC was in lipomas, then in Warthin’s
tumor, next in metastasis of squamous cell carcinoma,
and pleomorphic adenomas. Normal contralateral
parotis gland parenchyma simulated significant
statistical differences under non-parametric Mann-
Whitney U-test (p=0.016).

Discussion. Magnetic resonance imaging is a
powerful tool for defining the morphology, nature and
extent of head and neck tumors as well as their relations
to the normal adjacent anatomic structures pre-
operatively, but in some routine MRI, it cannot reveal
a clear differentiation between benign and malignant
parotid tumors.>>>' Fine-needle aspiration cytology
(FNAC) has some shortcomings in the exact diagnosis
of parotid tumors, so different pre-operative imaging
approaches have an important role in the evaluation of
these tumors.””

The DWI-ADC mapping, has a great role in the
characterization of parotid tumors, high potential to
detect different histologic subtypes of parotid tumors,
an inverse correlation between tumor cellularity,
and ADC values had been previously reported.'*#1°
Previous studies®”!" reported that mean ADC values
of benign lesions were significantly higher than those of
malignant parotid tumors. However, ADC values alone
might not be sufficient for the differentiation of benign
and malignant tumors. Combination of MRI and DW1
with ADC calculation may show higher diagnostic
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potential for determining specific histological subtypes
of tumors when compared to the results of FNAC.""

Apparent diffusion coeflicient values can also be
affected not only by cellularity, but by extracellular
components as well. For example, pleomorphic
adenomas frequently exhibit myxoid, or chondroid
matrices, leading to higher ADC values than the
malignant tumors and Warthin’s tumor due to the
extracellular matrix being rich in free water.>*"!
Warthin’s tumor, a second most common benign tumor
of parotid gland, has the highest microvascularity
among all other parotid tumors, consider low ADC
values that can overlap with those of malignant ones
due to its hypercellular stroma, or its matrix composed
of dense lymphoid tissue, which contributes to the
low ADC values for Warthin’s tumor.!>*'3 As a result,
tissue contrast of tumor is mostly affected degenerative
alterations in the interstitial tissue such as the degree
of differentiation of tumor cells, presence or absence of
necrosis and cystic component, myxomatous alterations
and diversity of tumor tissue components.>*

Pleomorphic adenomas have a high risk of malignant
transformation, and aggressive surgical approach has
to be applied due to high risk of recurrence (lateral
or complete parotid resection with high risk of facial
nerve injury). Warthin’s tumor and myoepithelial
adenomas have a low risk of malignant transformation
or recurrences, thus, more conservative resections
should be performed due to malignant transformation
and suspected recurrences, pleomorphic adenomas,
and Warthin’s tumor have to be differentiated
accurately. 21114

There were also some technical difficulties and restrictions
of DWI-ADC mapping of parotid gland which include low

signal to noise ratio, chemical shift, magnetic susceptibility
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and motion artefacts. Thin slice selection, higher number
of excitations use, application of presaturation bands and
warning patients not to move their head and not to swallow
might overcome these limitations."*>*!! Eida et al’ presented
that high ADC values of a parotid tumor supplied significant
statistical differences in the differentiation of benign and
malignant lesions, but they did not provide absolute ADC
levels homogeneously and the major difficulty of their
research was determining the average ADC values within a
single tumor. Salivary glands are small organs so only larger
lesions within this small organ might allow application of
DWI-ADC mapping. Matsushima et al'! in contrast to Eida
etal,’ found out no significant differences between benign and
malignant lesions on the basis of ADC values and stated that
mean ADC values increased with the degree of extracellular
components. They concluded that ADC levels alone were
not enough to differentiate benign and malignant parotis
tumors. Habermann et al® regarded that according to ADC
values alone, pleomorphic adenomas were distinguishable
from all other masses, except for myoepithelial adenomas
and ADC levels of Warthin’s tumor were statistically different
from all other tumor subtypes except for mucoepidermoid
carcinomas, acinic cell carcinomas and basal cell carcinomas.
Ikeda et al” revealed that average ADC values of Warthin’s
tumor was significantly lower than all included malignant
lesions. Prades et al” concluded that morphologic
appearances of tumors were very promising for determining
whether the tumor is benign or malignant and combining
of DWI-ADC map with those morphologic features non-
invasively might improve the results. They predicted 83%
sensitivity for detecting pleomorhic adenomas and 85%
sensitivity for Warthin’s tumor via combined use of ADC
values and morphologic factors. In our research, pleomorphic
adenomas were differentiated from Warthin’s tumor and
from normal parenchyma on the basis of mean ADC
values, regarded significant statistical differences (p=0.043,
=0.021). All other histologic subtypes of tumors and normal
parenchyma predicted no statistical differences from each
other(p=0.371, p=0.630); thus, 8 of the parotid lesions in
this research (pleomorphic adenoma, Warthin’s tcumor) were
differentiated statistically with significance. As this was a
preliminary study which included 15 parotid masses, 8 out
of 15 (53%) of tumors were distinguished with statistical
accuracy. Malignant masses (2 metastatic tumors) were not
differentiated from pleomorphic adenomas, Warthin’s tumor
and normal parenchyma statistically (p=0.165, p=0.365).
Studly limitations. First, the research was only preliminary,
further prospective studies had to be carried out with high
number of cases and with a wider range of histologic subtypes
of tumors to validate the results of this study. Second, there
is only a small number of cases and therefore only a small
number of different subtypes of benign and malignant
tumors were participated in the research which might degrade
the confidential statistical results. Third, ADC values might
vary after including more patients for every subgroup which
could lead to bias and unsatisfactory validity of statistics.
Forth, DWI-ADC mapping was organized with b-values

of 750 and 1000 sec/mm?, higher b-value use, for example
2000-3000, with higher SNR might improve the results of
this preliminary study.

In conclusion, discrimination between benign and
malignant masses of parotid gland was so important for
surgical procedure planning and conventional imaging
modalities might be insufficient for this differentiation.
DWI and ADC mapping of parotis gland could aid in this
differential diagnosis of masses. Qualitative and quantitative
results of both sequences for parotid masses have to be
validated in larger prospective studies, so that both high MR
imaging approach can be included in the routine Parotis
MR Imaging protocol. This research aids to the relevant
literature and implies for future searches via emphasizing the
quantitative ADC values in the differentiation of malignant
and benign parotis masses, prospective researches with a high
number of cases may easily reveal beneficial information for
the diagnosis of parotis mass lesions.
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