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Abstract Background Preoperative magnetic resonance imaging (MRI) has an important role in
themanagement andprognosticationof parotid gland tumors.Weaim to evaluate the role
of multiparametric MRI in differentiating the major subgroup of parotid tumors.
Material and Methods Multiparametric MRI: T1-weighted imaging (T1WI), T2WI,
diffusion-weighted imaging (DWI), pseudo-continuous arterial spin labeling (ASL) and
dynamiccontrast-enhanced (DCE) imagingwereacquired in all patients. Apparent diffusion
coefficient (ADC) values and tumor blood flow (TBF) were calculated from DWI and ASL,
respectively. Ktrans, Kep, Ve, initial area under the gadoliniumenhancement concentration
curve (IAUGC), maximum slope, and contrast enhancement ratio (CER) were calculated
from DCE-MRI perfusion. The above parameters were compared between three major
subgroups of parotid gland tumors, such as non-Warthin benign tumors (NWBT),Warthin’s
tumors (WT), and malignant parotid tumors (MT).
Results The mean ADC of MT (n¼13), WT (n¼5), and NWBT (n¼29) was
1.03�10�3 mm2/s, 0.97�10�3 mm2/s, and 1.89� 10�3 mm2/s, respectively. The
mean TBF (in mL/100 g/min) was the highest MT (70.33), followed by WT (62.04) and
NWBT (21.99). A cutoff of 40.51mL/100 g/min showed a sensitivity of 96.6% and
specificity of 77.8% for predicting NWBT. In DCE-MRI, 96.6% of the NWBTshowed a type
A time–signal intensity curve. Although the majority of MT and WT had type C and B
curves, respectively, there was overlapping. Among the quantitative DCE parameters,
Ktrans and Kep were highly sensitive for differentiating NWBT, WT, and MT. Ktrans,
Kep, IAUGC, and MS were maximum in WT, followed by MT and NWBT. Kep and Ktrans
both had an accuracy of 84.7% for predicting pleomorphic adenoma.
Conclusion Multiparametric MRI is useful for differentiating NWBT,WT, andMT. DCE-
MRI helps in differentiating benign from malignant tumors. DWI and ASL are useful in
differentiating NWBT from parotid malignancy.
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Introduction

Salivary gland tumors accounts for 2.0 to 6.5% of all head and
neck tumors, and approximately 80% of them are localized in
the parotid gland.1 Ultrasonography is used as the initial
screeningmodality, but it has limitations in the visualization
of the deep lobe of the parotid gland. Magnetic resonance
imaging (MRI) is considered the imaging modality of choice
in patients with parotid gland tumors. It is important to
characterize the lesion preoperatively for planning surgical
and postsurgical management as well as for prognostication.
Only superficial parotidectomy is done in benign tumors
located in the superficial parotid gland, whereas complete
parotidectomy with node dissection with or without radio-
therapy is needed in malignant lesions. The sensitivity of
preoperative fine needle aspiration cytology (FNAC) in dif-
ferentiating benign andmalignant parotid tumors is variable
in different studies (52–98.5%).2,3 MRI plays an important
role in preoperative workup. Structural sequences of MRI
show the signal characteristics and extent of the lesion.
Multiparametric MRI with the incorporation of diffusion-
weighted imaging (DWI) and dynamic contrast-enhanced
MRI (DCE-MRI) provides information regarding the cellular-
ity and contrast kinetics of the lesion. The aim of this study is
to assess the accuracy of multiparametric MRI including
conventional MRI, DWI, and DCE-MRI in characterizing
various parotid gland tumors and in differentiating benign
and malignant tumors (MTs) of the parotid gland based on
their structural and functional characteristics.

Material and Methods

This was a cross-sectional observational study to assess the
accuracy of multiparametric MRI in differentiating benign
and MTs in the parotid gland in a tertiary care institute after
ethical approval.

Inclusion and Exclusion Criteria
Patients of parotid gland tumor referred for MRI were
included in the study after obtaining written informed
consent. Patients of all age groups were included in the
study. Patients having MRI-incompatible implant or contra-
indication for gadolinium contrast agent were excluded.

Sample Size
A total of 47 cases of parotid gland tumors referred for MRI
were included in this study.

MRI Protocol
MRI of the parotid gland was performed in all the patients in
a 3-T MRI scanner (Discovery 750W, GE Healthcare) using a
48-channel head coil. A standardized imaging protocol was
followed in all the patients using the following parameters:
axial T1-weighted imaging (T1WI): repetition time [TR]/echo
time [TE], 561/9.7 milliseconds; field of view (FOV),
22�20 cm; NEX, 2.00; slice thickness, 4mm; and matrix
size, 300�300mm2; axial T2 PROPELLER: TR/TE, 5,757/85.0
milliseconds; FOV, 21�20 cm; NEX, 2.00; slice thickness,

4mm; and matrix size, 448�448mm2; and short tau inver-
sion recovery (STIR): TR/TE, 8,500/53.2 milliseconds; FOV,
24�22 cm; NEX, 2.00; slice thickness, 4.0mm; and matrix
size, 320�256mm2 in axial and coronal plane; axial DWI:
TR/TE, 5,500/67.4 milliseconds; FOV, 24�24 cm; NEX, 4.00;
slice thickness, 4mm; and b-values, 0 and 1,000. The follow-
ing pseudo-continuous arterial spin labeling (ASL) param-
eters were acquired in the axial plane: TR/TE, 4,853/10.7;
FOV, 33.7�26 cm; NEX, 1.00; and slice thickness, 4.0mm.
Axial DCE-MRI was acquired before, during, and after intra-
venous (IV) administration of gadolinium contrast agent
with the following parameters: TR/TE: 4.8/2.2 milliseconds;
frequency FOV: 48.0 cm; NEX: 0.73; slice thickness: 3.0mm;
and matrix size: 320�256mm2. Thirty-two phases were
acquired at 11-second intervals, contrast was injected after
the third phase, and the acquisition time was 5minutes and
52 seconds. Coronal postcontrast fat saturated (FS) T1WI
(TR/TE: 719/8.2 milliseconds; FOV: 24�22 cm; NEX: 3.00;
slice thickness: 4.0mm) and postcontrast TIWI FS three-
dimensional (3D) sequence (TR/TE: 5. 1/1.7 milliseconds;
FOV: 40; NEX: 1.41; slice thickness: 2.0mm) were also
obtained.

Image Analysis
Image analysis was done in the Advantage Workstation
provided by GE Medical system. Two experienced radiolog-
ists with 15 and 30 years of experience, blinded to the
histopathology findings, analyzed all the data independent-
ly. Any difference in opinion was resolved by consensus.

The morphological characteristics such as location of the
tumor, shape, margin, signal intensity, homogeneity, cystic
changes, and infiltration into adjacent structures were
assessed on T1WI, T2WI, and postcontrast T1WI, and com-
pared between benign and malignant groups.

DWIwas analyzed qualitatively to look for diffusion restric-
tionwithin the lesion. The apparent diffusion coefficient (ADC)
map was derived from the acquired DWI and the ADC value
was taken after the placement of the region of interest (ROI)
over the lesion. Three ROIs (15–30mm2 in size)were drawn in
the solid components of the lesion and the average ADC value
was calculated. In solid cystic lesions, the ROI was drawn
carefully to include only the solid component of the lesion.

After postprocessing ASL, tumor blood flow (TBF) values
were obtained by placing the ROI over the solid component of
the lesion. The enhancement pattern was evaluated in post-
contrast T1WI. The type of time–signal intensity curve (TIC)
was assessed in the GenIQ software of AWS, and categorized
into four groups based on thewashout ratio (WR) and time to
peak (Tpeak): type A¼Tpeak>120 seconds; type B¼ Tpeak
� 120 seconds andWR � 30%; type C¼ Tpeak � 120 seconds
and WR<30%; and type D¼flat TIC.4,5

Quantitative parameters such as transfer factor (Ktrans),
fraction of extravascular extracellular space (EES) to the total
tumor volume (Ve),fluxconstant (Kep), initial area under the
gadolinium enhancement concentration curve (IAUGC), con-
trast enhancement ratio (CER), and maximum slope (MS)
were derived from the DCE perfusion imaging and values
were obtained for all the lesions.
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All the caseswere categorized into threemajor subgroups,
namely non-Warthin benign tumors (NWBT), Warthin’s
tumor (WT), and MTs as they have different management
and prognosis. The above-mentioned parameters were com-
pared between these groups. All patients underwent surgical
biopsy after MRI. Histopathological diagnoses were com-
pared with the MRI diagnosis.

Data Collection and Statistical Analysis
The acquiredMRI datawere collected and analyzed using the
“SPSS software” version 26. The categorical data were pre-
sented as the percentage of the total, while the quantitative
data were presented as mean and standard deviation. A
comparison of the means was done by independent t-tes-
t/analysis of variance for parametric data and chi-squared
test/Kruskal–Wallis test for nonparametric data. For all the
statistical tests used, the level of significance was set at a p-
value � 0.05.

Results

A total of 47 patientswere included in this study. Twenty-five
(53.2%) were males. The mean age of the patients was
45.1�14.92 years ranging from 15 to 72 years. The mean
duration of symptoms was 9.1 months in the entire sample.
Forty-four patients presented with facial swelling, whereas
three patients had complaints of oral cavity swelling. One
patient had associated pain. All the cases were unilateral.

Out of 47 cases, 29 (61.7%) were NWBTs, 5 (10.6%) were
WTs, and 13 (27.6%) were MTs. Among the NWBTs (n¼29),
most of the cases were pleomorphic adenoma (n¼26), two
were myoepithelioma, and one case was ancient schwan-
noma of the intraparotid facial nerve.

Imaging Findings

Morphological Characters
All the round to oval lesionswith awell-definedmarginwere
benign. Lesions with well-defined lobulated margins were
also favoring benign tumors. Cystic changes were present in
28 cases, out of which 21 were benign. The presence of cystic
change had a significant association with benign tumors
(p¼0.008).

Four (8.5%) cases showed infiltration into adjacent struc-
tures, all ofwhich turnedout tobemalignant. Twoof themhad
aperineural spread. Thedetails of the clinical presentationand
structural MRI findings are presented in ►Tables 1 and 2.

Diffusion-Weighted MRI
The mean ADC values of NWBTs, WTs, and MTs were
1.89�0.43�10�3 mm2/s, 0.97�0.45�10�3 mm2/s, and
1.03�0.31�10�3 mm2/s, respectively. There was a signifi-
cant difference between the mean ADC of NWBTs and WTs
(p¼0.001) and that of NWBTs and MTs (p¼0.001). No
significant difference was noted between the mean ADC of
WTs and MTs (p¼0.96). A cutoff ADC of 1.35�10�3 mm2/s
showed a sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and accuracy of 93.1,
88.9, 93.1, 88.8, and 91.4%, respectively, for diagnosis of
NWBTs with an area under the curve of 0.941 (►Fig. 1A).

Arterial Spin Labeling
ThemeanTBFofNWBTwas21.99�12.62mL/100g/min,which
was significantly lower than those of WT (62.04�37.72mL/
100g/min; p¼0.015) and MT (70.33�36.18mL/100g/min;
p¼0.001). There was no significant difference in the TBF
between WT and parotid malignancy (p¼0.77). Using the
ROC curve analysis, a cutoff of 40.51mL/100g/min showed a
sensitivity of 96.6%, specificity of 77.8%, PPV of 87.5%, NPV of
93.3%, and accuracy of 91.4% for predicting NWBTwith an area
under the curve of 0.88 (►Fig. 1B).

Dynamic Contrast-Enhanced MRI
Twenty-eight out of 29 (96.6%) NWBT showed type A TIC, 9
out of 13 MTs showed a type C curve, and 3 out of 5 WTs
showed a type B curve. One completely cystic WT showed a
type D curve. The type A curve had a sensitivity of 96.5%,
specificity of 88.8%, PPV of 93.3%, NPV of 94.1%, and an
accuracy of 93.6% for differentiating NWBT from other
parotid tumors. Type C curve had a sensitivity of 69.2%,
specificity of 94.1%, PPV of 81.8%, NPV of 88.8%, and an
accuracy of 87.2% for differentiating MTs from other parotid
tumors.

There was a statistically significant association between
the type of time-intensity curve and the tumor category
(p<0.001).

Table 1 Clinical and demographic parameters of patients with parotid tumor

Parameters All patients included
in the study (n¼ 47)

Patients with benign
parotid tumor (n¼34)

Patients with malignant
parotid tumor (n¼13)

p-value

Age (y), mean� SD (range) 45.1�14.92 (15–72) 41.7� 13.67 (15–72) 53.8�14.99 (26–72)

Duration of symptoms
(mo), mean� SD (range)

9.1� 2.9 (4–18) 9.56� 3.1 (4–18) 7.92�2.2 (4–12) 0.09

Gender (male/female) 25/22 15/19 10/3

Unilateral 47/47 (100%) 34/34 (100%) 13/13 (100%)

Clinical presentation

Pain
Swelling

1/47
47/47

0/34
34/34

1/13
13/13
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Quantitative assessment of Ktrans, Ve, Kep, IAUGC, CER,
and MS obtained from DCE-MRI is given in ►Table 3. One
case ofWTwas excluded from calculation as values could not
be obtained due to the complete cystic nature of the tumor.

NWBTs are well-defined round to oval lesions not show-
ing restriction onDWIwith a highADC value and had lowTBF
in ASL. On DCE-MRI, NWBTs were showing type A curve and
had low Ktrans, Kep, IAUGC, MS, and high Ve (►Fig. 2). WTs
are well-defined lesions with areas of T1 hyperintense cystic
areas, showing diffusion restriction with low ADC, high
perfusion on ASL, type B curve in DCE-MRI with high Ktrans,

Kep, IAUGC, MS, and low Ve (►Fig. 3). MTs are heterogeneous
lesions with a lobulated or infiltrative margin, show diffu-
sion restriction on DWI, mostly showing type C TIC curve,
high Ktrans, Kep, IAUGC, MS, and lower Ve (►Fig. 4).►Tables

2 and 3 and the bar diagram in►Fig. 5 show the mean values
of all six parameters assessed for NWBTs, WTs, and MTs.

We found a similar result considering only pleomorphic
adenoma in the NWBT group (without including other benign
tumors). Therewas a significant difference between themean
ADC, TBF, andDCEparameters among pleomorphic adenomas,
WTs, and MTs with a p-value less than 0.05. The mean ADC

Table 2 MRI findings of benign and malignant parotid tumors

Parameters Benign parotid tumor (n¼34) Malignant parotid tumor (n¼13) p-value

Unilateral/bilateral 34/0 13/0

Solitary/multifocal 33/1 11/2

Shape

Round or oval
Lobulated
Irregular

4 (11.8%)
23 (67.6%)
7 (20.6%)

0 (0%)
3 (23.1%)
10 (76.9%)

0.001
0.467

Margin

Well defined
Ill defined

34 (100)
0 (0)

9 (69.2)
4 (30.8)

0.004

Cystic changes

Present
Absent

21 (61.8)
13 (38.2)

7 (59.6)
6 (40.4)

0.008
0.108

Infiltration to adjacent structures

Present
Absent

0 (0)
34 (100)

4 (30.8)
9 (69.2)

0.004

Perineural spread 0 2

T1WI

Hypointense
Isointense
Hyperintense

16 (47.1%)
16 (47.1%)
2 (5.8%)

3 (23.1)
8 (61.5)
2 (15.4)

0.004
0.152
1.0

T2WI

Isointense
Hyperintense
Heterogeneous
Hyperintense cystic with septations

0 (0)
27 (79.4)
6 (17.6)
1 (2.9)

2 (15.4)
3 (23.1)
7 (53.8)
1 (7.7)

–
<0.001
0.782
1.0

Enhancement

Homogeneous
Heterogeneous
No enhancement

8 (23.5)
25 (73.5)
1 (2.9)

1 (7.7)
12 (92.3)
0 (0)

0.410

Diffusion restriction

Present
Absent

6/34 (17.6%)
28/34 (82.4%)

12 (92.3)
1 (7.7%)

<0.001

ADC value (mm2/s), mean� SD (range) 1.75� 0.549� 10�3 1.03� 0.314� 10�3 <0.001

DCE TI curve

Type A
Type B
Type C
Type D

28 (82.3)
3 (8.8)
2 (5.8)
1 (2.9)

2 (15.4)
2 (15.4)
9 (69.2)
0 (0)

<0.001

Abbreviations: ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced; MRI, magnetic resonance imaging; T1WI, T1-weighted
imaging; SD, standard deviation.
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value of pleomorphic adenoma (1.9�0.43�10�3mm2/s)was
significantly higher than that of the WT (0.97�0.45�10�3

mm2/s; p¼ .001) and MT (1.03�0.31�10�3 mm2/s;
p¼0.001). The mean TBF of the pleomorphic adenoma
(21.9�12.62mL/100g/min) was significantly less than that
of WT (62.04�37.72mL/100g/min; p¼0.015) and MT
(70.33�36.18mL/100g/min; p<0.001). It could be due to
the majority of benign cases in our series being pleomorphic
adenomas.

Discussion

Our study included 47 patients of parotid gland tumor with a
slight male predominance. Although the mean age of the
patients with benign tumors was relatively less than that of
the patient with MTs, it was not statistically significant.

In the morphological features, although there was con-
siderable overlap between benign tumors and MTs, a
round/oval or lobulated shape had a significant association

Fig. 1 Receiver operating characteristic (ROC) curve of (A) apparent diffusion coefficient (ADC) and (B) tumor blood flow (TBF) for diagnosis of
non-Warthin’s benign tumors. ADC from diffusion-weighted imaging is showing sensitivity of 93.1% and specificity of 88.9% (area under the
curve [AUC]: 0.941) and TBF from arterial spin labeling showing sensitivity of 96.6% and specificity of 77.8% (AUC: 0.880).

Table 3 Comparison of the means ADC (from DWI), TBF (from pCASL), and DCE-MRI parameters among non-Warthin’s benign
tumors, Warthin’s tumors, and malignant tumors

Sequences Parameters Non-Warthin’s benign
tumor vs. malignant
tumors

Non-Warthin’s benign
tumor vs. Warthin’s
tumor

Malignant tumors vs.
Warthin’s tumor

DWI ADC value
(�10�3 mm2/s)

1.89� 0.43 vs.
1.03� 0.31 (p< 0.001)

1.89�0.43 vs.
0.97�0.45 (p<0.001)

1.03� 0.31 vs.
0.97� 0.45 (p¼ 0.96)

ASL TBF
(mL/100 g/min)

21.99� 12.62 vs.
70.33� 36.18 (p<0.001)

21.99�12.62 vs.
62.04�37.72 (p¼ 0.015)

70.33�36.18 vs.
62.04�37.72 (p¼0.767)

DCE-MRI Ktrans (/min),
mean� SD

0.191� 0.13 vs.
0.45� 0.31 (p¼ 0.001)

0.191�0.13 vs.
0.836�0.47 (p¼ 0.001)

0.453�0.31 vs.
0.836�0.47 (p¼0.358)

Ve mean� SD 0.716� 0.23 vs.
0.512� 0.26 (p¼0.011)

0.716�0.23 vs.
0.407�0.10 (p¼ 0.020)

0.512�0.26 vs.
0.407�0.10 (p¼0.489)

Kep (min�1),
mean� SD

0.321� 0.18 vs.
1.066� 0.54 (p¼0.001)

0.321�0.18 vs.
2.39�1.71 (p¼0.001)

1.066�0.54 vs.
2.39� 1.71 (p¼ 0.46)

IAUGC,
mean� SD

0.186� 0.09 vs.
0.293� 0.14 (p¼0.014)

0.186�0.09 vs.
0.472�0.27 (p¼ 0.003)

0.293�0.14 vs.
0.472�0.27 (p¼0.185)

CER, mean� SD 1.69� 0.70 vs.
1.37� 0.54

1.69�0.70 vs. 1.74�0.56 1.37� 0.54 vs. 1.74� 0.56

MS, mean� SD 0.0147�0.07 vs.
0.028� 0.02 (p¼0.001)

0.0147� 0.07 vs.
0.0529� 0.04 (p¼ 0.004)

0.028�0.02 vs.
0.05� 0.04 (p¼ 0.439)

Abbreviations: ADC, apparent diffusion coefficient; ASL, arterial spin labeling; CER, contrast enhancement ratio; DCE-MRI, dynamic contrast-
enhanced magnetic resonance imaging; DWI, diffusion-weighted imaging; IAUGC, initial area under the gadolinium enhancement concentration
curve; MS, maximum slope; pCASL, pseudo-continuous ASL; SD, standard deviation; TBF, tumor blood flow.
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with benign tumors, whereas infiltration into adjacent struc-
tures and ill-defined margins had a significant association
with MTs similar to other studies.6 Hypointense signal on
T1WI, hyperintense signal on T2WI, and the presence of
internal cystic changes favored benign tumors. We could not
find a significant difference in the type of enhancement
between benign tumors and MTs.

DWI is increasingly being evaluated in the imaging of
parotid gland tumors in recent years. DWI measures the
Brownian movement of the water proton. Increased cellu-
laritywithin the tumor restricts themovement and is seen as
diffusion restriction on DWI with a low ADC value. Hence,
MTs show diffusion restriction in general.7,8However, it was
found that although WTs are benign, they have a higher
cellularity and hence may show restricted diffusion. We
found a significantly low mean ADC value in MTs, and WTs
compared with NWBTs. This may be attributed to the higher
cellularity of the MTs, and WTs compared with NWBTs.

Among the NWBTs (n¼29), two showed mild diffusion
restriction and turned out to be pleomorphic adenomas on
histopathology. Pleomorphic adenomas usually do not show
diffusion restriction and have a higher ADC value (1.4�10�3

to 1.57�10�3 mm2/s in various studies).9,10 However, some
of the pleomorphic adenomas may show lower ADC values
when there is a larger cellular component relative to the
stromal component.11 All of our cases of WT showed signifi-

cant diffusion restriction, except one, which was completely
cystic without any solid component. We found an ADC cutoff
of 1.35�10�3 mm2/s differentiates NWBTs from MTs with
sensitivity and specificity of 93.1 and 88.9%, respectively. An
ADC cutoff of 1.446�10�3 mm2/s can differentiate pleomor-
phic adenomas (the most common NWBT) from MTs with a
sensitivity, specificity, and accuracy of 92.3, 81, and 87.2%,
respectively. Studies have also shown a significant difference
between the mean ADC value of WTs and MTs.12 However, it
was not statistically significant in our study. It could be due to
a smaller number of WTs in our sample.

The ASL technique is a completely noninvasive method,
typically accomplished by magnetically tagging the entering
blood by spin inversion of arterial water using radiofre-
quency (RF) energy, without any exogenous contrast admin-
istration. Pseudo-continuous ASL (pCASL) uses multiple
short RF pulses (>1,000) and has a lower effect of magneti-
zation transfer, lower specific absorption rate, and a high
signal-to-noise ratio (SNR). Further, 3-T MRI scanner
improves the SNRof ASL.13,14We found a significantly higher
mean TBF in WTs than that of pleomorphic adenomas,
similar to other studies.9

The role of DCE-MRI in parotid gland tumors has been a
topic of interest in recent times. When an intravenous
contrast agent is administered, it enters the circulatory
system, passes through the neoplastic tissues, and leaks

Fig. 2 Magnetic resonance imaging (MRI) of a 62-year-old woman having pleomorphic adenoma of the left parotid gland. Axial (A) T1-weighted imaging
(T1WI), (B) T2WI, and (C) short tau inversion recovery (STIR) images show a well-defined rounded lesion involving the superficial lobe of the left parotid
gland, which is hypointense on T1 and hyperintense on T2 and STIR. The lesion is hyperintense on both (D) diffusion-weighted imaging and (E) apparent
diffusion coefficient, suggesting facilitated diffusion. (F) Arterial spin labeling shows reduced perfusion. (G) Postcontrast T1WI shows heterogeneous
enhancement. (H) On dynamic contrast-enhanced MRI (DCE-MRI), type A time-intensity curve seen. Quantitative DCE shows a (I) low Ktrans (0.165/min),
(J) high Ve (0.89), (K) low Kep (0.187/min), (L) low IAUGC (0.192), (M) CER (2.224), and (N) low MS (0.0195), (O) histopathological examination showed
epithelioid, myoepithelial, and stromal components suggestive of pleomorphic adenoma. CER, contrast enhancement ratio; IAUGC, initial area under
the gadolinium enhancement concentration curve; MS, maximum slope.
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from the tumor vasculature into the EES by passive diffusion.
Backflowof the contrast agent from the EES to plasma occurs
as the contrast concentration in plasma gets reduced as a
result of renal excretion. The intravascular space, the EES,
and the intracellular space are the three compartments that
make up all tissues, including cancerous tissue. The intra-
vascular space and the EES are the only considered anatomic
characteristics that affect contrast agent distribution for
most of the DCE-MRI modeling.15–17 Qualitative parameters
such as the TIC and quantitative parameters like Ktrans, Ve,
Kep, IAUGC, CER, and MS can be evaluated using DCE-MRI.
The time-to-peak intensity and WR, which reflect tumor
vascularity and tumor cellularity, respectively, are used to
classify the TICs into four patterns: types A to D.18

The pattern of TIC was highly sensitive to differentiate the
subgroups of parotid gland tumors. Type A curve shows a
high sensitivity and specificity for benign tumors (96.5 and
88.8%, respectively), and type C is more indicative of MTs.
In this study, 96% of NWBTs showed a type A curve and most
of the solid WTs showed a type B curve. One completely
cystic WT showed a flat type D curve. Most of the MTs
showed a type C curve, achieving a sensitivity of 69.2%,
specificity of 94.1%, and accuracy of 87.2%. We found a
relatively lower sensitivity as few of the MTs in this study
also had a type B TIC. The sensitivity was 84.6% when both
type B and C curveswere considered asmalignant. A study by

Mogen et al on the role of qualitative and semiquantitative
DCE in parotid gland tumors showed a high sensitivity,
specificity, PPV, and NPV for type A curve for identifying
pleomorphic adenomas.19

Ktrans, known as the transfer factor, is a measure of the
rate at which the contrast enters the EES from the intravas-
cular space and, hence, is a measure of the permeability of
the capillary vessels in the tumor. Ve is the fraction of EES to
the total tumor volume. The ratio between Ktrans and Ve is
called the flux constant (Kep). Ktrans and Kep reflect the
microvascular permeability and are increased in MTs where
there ismore neoangiogenesis, with abnormal vessels having
increased permeability. IAUGC, CER, and MS are the DCE
parameters acquired in the initial 60 seconds after adminis-
tration of contrast.

Studies have shown that MTs and highly cellular tumors
likeWTs show a higher Ktrans and Kep values and a lower Ve
value.20 There is paucity of studies about the role of param-
eters such as IAUGC, CER, and MS in differentiating parotid
gland tumors. The mean Ktrans and Kep values were the
highest in WTs and the least in NWBTs. The mean Ve was
lowest in WTs and highest in NWBTs. This may be attributed
to the lower perfusion and capillary permeability, lower
cellularity, and higher extracellular extravascular volume
in NWBTs and higher perfusion and cellularity in WTs. MTs
also showedhighermeanKtrans andKepvalues and lowerVe

Fig. 3 Magnetic resonance imaging (MRI) of the parotid gland in a 31-year-old woman with Warthin’s tumor (WT) of the right parotid gland.
Axial (A) T1-weighted imaging (T1WI), (B) T2WI, and (C) short tau inversion recovery (STIR) images show a well-defined lobulated lesion
with T1 hyperintense cystic areas, and heterogeneous signal on T2 and STIR. (D) Postcontrast T1WI shows heterogeneous enhancement.
(E) Diffusion-weighted imaging and (F) apparent diffusion coefficient show restricted diffusion. (G) Arterial spin labeling shows increased
perfusion. (H) On dynamic contrast-enhanced MRI (DCE-MRI), type B time-intensity curve noted. Quantitative DCE show a (I) high Ktrans (1.068/
min), (J) low Ve (0.25), (K) high Kep (4.387/min), (L) high IAUGC (0.427), (M) CER (1.714), and (N) high MS (0.0515), (O) HPE display glandular
architecture with extensive lymphoid stroma surrounding cystic regions with papillary projections bordered by oncocytes suggestive of
WT. CER, contrast enhancement ratio; IAUGC, initial area under the gadolinium enhancement concentration curve; MS, maximum slope.
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comparedwithNWBTs owing to the same fact.We also found
a significant difference in the IAUGC and MS among the
various categories of tumors, whereas CER did not show any
significant difference. The mean IAUGC and MS values were
the least in NWBTs and the highest in WTs.

DCE-MRI reflects the microscopic composition of the
tumor providing information about the microvascularity,

capillary permeability, and cellularity. Thus, it may act as a
noninvasive technique to indirectly evaluate the tumor
grade.

Both lymphomas and WTs show many similarities in
functional sequences. Both show diffusion restriction with
a low ADC value on DWI and high TBF in ASL sequences. On
DCE-MRI, lymphoma can show type B signal intensity curve

Fig. 5 Bar diagram showing (A) type of the time signal intensity curve and (B) quantitative dynamic contrast-enhanced (DCE) parameters in non-
Warthin’s benign tumor, Warthin’s tumor, and malignant tumor of the parotid gland. CER, contrast enhancement ratio; IAUGC, initial area under
the gadolinium enhancement concentration curve; MS, maximum slope.

Fig. 4 Magnetic resonance imaging (MRI) of theparotid gland ina64-year-oldmanwith acinic cell carcinomaof the left parotidgland.Axial (A) T1-weighted
imaging (T1WI), (B) T2WI, and (C) short tau inversion recovery images show an irregular lobulated lesion with heterogeneous signal and areas of cystic
change. (D) Diffusion-weighted imaging and (E) apparent diffusion coefficient show restricted diffusion. (F) Arterial spin labeling shows increased
perfusion. (G, H) Postcontrast T1WI shows heterogeneous enhancement and perineural spread along the mandibular division of left trigeminal nerve.
(I) Quantitative dynamic contrast-enhanced (DCE) shows a high Ktrans (0.634/min), (J) low Ve (0.54), (K) high Kep (1.23/min), (L) high IAUGC (0.554),
(M) CER (1.845), and (N) highMS (0.0834). (O) On DCE-MRI, type C time-intensity curve is seen. CER, contrast enhancement ratio; IAUGC, initial area under
the gadolinium enhancement concentration curve; MS, maximum slope.
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as commonly seen in WTs. Structural sequences are very
useful in these cases. Cystic degeneration with T1 hyperin-
tense areas is commonly seen in WTs. Lymphomas are solid
lesions with a homogeneous T1 and T2 signal and homoge-
neous postcontrast enhancement. Parotid gland lymphoma
is commonly associated with cervical lymphadenopathy.

Considering the above-mentioned facts, multiparametric
MRI with the addition of advanced functional MRI sequences
like DWI, ASL, and DCE-MRI to the conventional MRI can aid
in the diagnosis and evaluation of parotid gland tumors. By
evaluating the time-intensity curves and the quantitative
DCE parameters along with ADC and TBF values, it may also
be possible to differentiate pleomorphic adenomas and WTs
from other parotid tumors with a higher sensitivity, speci-
ficity, and accuracy.

The strengths of our study are the inclusion of multiple age
groups and types of tumors, with a fairly representative
sample size. The limitations of our study include an asymmet-
ric distribution of the cases among NWBTs, WTs, and MTs. A
larger sample size with a greater number of different sub-
groups may provide further insight into the current study.
Furthermulticentric studieswith a large samplewithdifferent
histopathological subtypes will improve the results.

Conclusion

DWI candiagnose pleomorphic adenoma andNWBTswithhigh
sensitivity, specificity, and accuracy. Although WT is benign, it
shows a low ADC value due to its high cellular nature. DCE-MRI
is themost sensitive functionalMRI in the differentiation of the
threemajor subgroups of parotid gland tumors. Multiparamet-
ric MRI using DWI, ASL, and DCE is useful in differentiating the
major subgroups of parotid tumors.
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