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BACKGROUND AND PURPOSE: The purpose of our study was to describe the MR imaging
appearance of Warthin tumors multiple MR imaging techniques and to interpret the difference
in appearance from that of malignant parotid tumors.

METHODS: T1-weighted, T2-weighted, short inversion time inversion recovery, diffusion-
weighted, and contrast-enhanced dynamic MR images of 19 Warthin tumors and 17 malignant
parotid tumors were reviewed. MR imaging results were compared with those of pathologic
analysis.

RESULTS: Epithelial stromata and lymphoid tissue with slitlike small cysts in Warthin
tumors showed early enhancement and a high washout rate (>30%) on dynamic contrast-
enhanced images, and accumulations of complicated cysts showed early enhancement and a low
washout ratio (<30%). The areas containing complicated cysts showed high signal intensity on
T1-weighted images, whereas some foci in those areas showed low signal intensity on short tau
inversion recovery images. The mean minimum signal intensity ratios (SIRmin) of Warthin
tumor on short tau inversion recovery (0.29 � 0.22 SD) (P < .01) and T2-weighted images
(0.28 � 0.09) (P < .05) were significantly lower than those of malignant parotid tumors (0.53 �
0.19, 0.48 � 0.19). The average washout ratio of Warthin tumors (44.0 � 20.4%) was higher
than that of malignant parotid tumors (11.9 � 11.6%). The mean apparent diffusion coefficient
of Warthin tumors (0.96 � 0.13 � 10�3mm2/s) was significantly lower (P < .01) than that of
malignant tumors (1.19 � 0.19 � 10�3mm2/s).

CONCLUSION: Detecting hypointense areas of short tau inversion recovery and T2-weighted
images or low apparent diffusion coefficient values on diffusion-weighted images was useful for
predicting whether salivary gland tumors were Warthin tumors. The findings of the dynamic
contrast-enhanced study also were useful.

Imaging of the salivary glands has two purposes: first,
to establish the precise extent and site of a salivary
lesion, and second, to provide some indication of its
pathologic nature. It is of major importance to deter-
mine whether a salivary gland tumor is benign or
malignant and to assess its extent and relationship to
adjacent structures preoperatively, because this infor-
mation will strongly influence the choice of surgical
procedure. Local excision or superficial parotidec-
tomy is performed for benign tumors, whereas total

parotidectomy, with or without facial nerve removal,
is performed for malignant tumors (1, 2). The patho-
logic diagnosis is typically determined by fine needle
aspiration cytology. Although fine needle aspiration
cytology is the most cost-effective and minimally in-
vasive way to determine the histologic character of a
parotid tumor, fine needle aspiration cytology is not
always conclusive because specimen material from a
small or deep mass may be insufficient (3–5). Thus,
although there seems to be an important role for pre-
operative imaging, in reality its clinical significance is
relatively little.

General agreement exists that the use of standard
MR imaging sequences usually will not allow differ-
entiation between parotid tumors (6–11). A few arti-
cles have reported the usefulness of dynamic contrast-
enhanced and diffusion-weighted images for predicting
whether salivary gland tumors are benign or malig-
nant (12). This is complicated in that Warthin tumor,
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a benign parotid gland tumor, is reported to mimic
malignant neoplasm (13). MR imaging is an estab-
lished and useful way of showing the morphology and
extent of head and neck tumors and their relationship
to adjacent structures. If, however, MR imaging could
make a reliable distinction between benign and ma-
lignant neoplasms, its role and importance in diag-
nostics would become considerably more valuable.
The purpose of this study, then, was to more precisely
reveal the MR imaging features of Warthin tumor,
which is described as a mimicker of malignant neo-
plasm, by using multiple MR images—T1-weighted,
T2-weighted, short inversion time inversion recovery
(STIR), diffusion-weighted, and dynamic contrast-en-
hanced MR images—to help ensure a correct diag-
nosis and differentiate the tumor from parotid
malignancies.

Methods

Patients
Between November 2001 and January 2003, MR imaging

studies of clinically suspected parotid tumors were performed
before surgery or fine needle aspiration cytology. From this
period, we reviewed the MR images of all pathologically
proved Warthin tumors (19 tumors in 17 patients; 16 men and
one woman; mean age, 65 years; age range, 46–85 years). Of
the 17 patients with 19 tumors, nine with 11 lesions had under-
gone surgery, and eight with eight lesions had undergone nee-
dle biopsy. We also reviewed the MR imaging studies of all
pathologically proved malignant parotid tumors (17 tumors in
17 patients; seven men and 10 women; mean age, 54 years; age
range, 20–89 years). The distributions of Warthin tumors and
malignant tumors are shown in Table 1.

MR Imaging Techniques
All MR imaging examinations were performed by using a

1.5-T MR imaging unit (GE Medical Systems, Milwaukee, WI)
with a neurovascular array coil. T1-weighted images (400–500/
9–14 [TR/TE]) of the transverse plane, STIR images (4000/30;
echo train length, 12; inversion time, 150 ms) of the same
transverse plane as the T1-weighted images, diffusion-weighted
images (spin-echo single shot echo-planar sequence with b
factors of 0 and 1000 s/mm2) of the same transverse plane, and
T2-weighted spin-echo images (4000/104; echo train length, 16)
of the same transverse or coronal plane were obtained at a
section thickness of 6 mm, an intersection gap of 1 mm, an
acquisition matrix of 256 � 256 (128 � 128 on the diffusion-
weighted images), and a field of view of 22 � 22 cm.

Dynamic contrast-enhanced MR images were obtained by
3D fat suppression T1-weighted multiphase spoiled gradient
recalled imaging (6.3/1.4) for 4 minutes, with each phase lasting
27 seconds and then a 3-second interval, an effective section
thickness of 4 mm, a field of view of 22 � 22 cm, and an
acquisition matrix of 256 � 224. After the first set was ob-
tained, contrast material injection was started immediately.
Gadodiamide hydrate (Omniscan; Daiichi Pharmaceutical
Corporation, Tokyo, Japan) was administered (0.2 mL/kg body
weight) at a rate of 2.0 mL/s and then a 20-mL saline flush was
delivered into the antecubital vein. Seven sets of dynamic
contrast-enhanced images were obtained serially at 3, 33, 63,
93, 123, 153, and 183 seconds. Soon after the dynamic contrast-
enhanced MR imaging, fat suppression T1-weighted images
(340–400/20) of the same transverse plane as that of the un-
enhanced T1-weighted images or the coronal plane were ob-
tained with an acquisition matrix of 256 � 224. Apparent
diffusion coefficient (ADC) maps were automatically con-
structed from diffusion-weighted images. T1-weighted, dy-
namic contrast-enhanced, diffusion-weighted, and fat suppres-
sion contrast-enhanced T1-weighted images were obtained
from all 19 Warthin tumors and 17 malignant tumors. Short tau
inversion recovery images were obtained of all cases of Warthin
tumors and 16 of 17 cases of malignant tumors; T2-weighted
images were obtained from nine of 19 and 10 of 17 cases. This
extensive routine MR imaging study can be performed in ap-
proximately 15 minutes.

Image and Pathologic Analyses
Two experienced radiologists (K.M., T.U.) evaluated the

T1-weighted, STIR, and T2-weighted images to determine size,
location (superficial lobe or deep lobe), nature of margin (def-
inition and lobulation), and signal intensity of the tumors. In
the evaluation of T1-weighted, T2-weighted, and STIR, the
maximum (SImax), minimum (SImin), and CSF (SIcsf) signal
intensities of the tumors were obtained. SIR was calculated as
follows:

SIRmax � SImax/SIcsf, SIRmin � SImin/SIcsf.

One radiologist (K.M.) measured the signal intensities of the
lesions on each dynamic image with an electronic cursor to
define the region of interest in each patient. Where markedly
heterogeneous enhancement was seen, multiple regions of in-
terest were obtained. Time–signal intensity curves were then
plotted from signal intensity values obtained for the tumors,
the ipsilateral artery, and the ipsilateral vein. Time–signal in-
tensity curves were divided into five types according to those
presented by Takashima et al (14): type A, curve peaks 3 to 30
seconds after administration of contrast material; type B, curve
peaks at 33 to 60 seconds; type C, curve peaks at 63 to 180
seconds; type D, gradual upward slope; and type E, unen-
hanced. Type C was divided into four subtypes: C1, curve peaks
at 63 to 90 seconds; C2, curve peaks at 93 to 120 seconds; C3,
curve peaks at 123 to 150 seconds; and C4, curve peaks at 153
to 180 seconds. Washout ratio was calculated by a modified
method of that presented by Yabuuchi et al (12) as follows:

[(SImax � SI3.5min)/(SImax � SIpre)] � 100(%),

where SImax was the signal intensity at maximal contrast en-
hancement, SI3.5 min the signal intensity at 3.5 minutes after
contrast material administration, and SIpre the unenhanced
(“precontrast”) signal intensity.

The ADC values of the lesions were measured on each
diffusion-weighted image with an electronic cursor to define
the region of interest. In measuring the signal intensities, we
avoided obvious cystic portions. The ADC values of the spinal
cord on diffusion-weighted images also were measured to as-
sess the validity of our method and to compare our findings
with the results from those of previous investigations. The
tumors were marked at the top during surgery. For MR images,

TABLE 1: Histopathology diagnoses of salivary gland tumors

Diagnosis No. of Lesions

Benign (n � 19)
Warthin tumor 19

Malignant (n � 17)
Mucoepidermoid carcinoma 1
Acinic cell adenocarcinoma 4
Adenoid cystic carcinoma 2
Salivary duct carcinoma 5
Squamous cell carcinoma 1
Basal cell adenocarcinoma 1
Carcinoma ex pleomorphic adenoma 3
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they were cut on an axial plane. An experienced radiologist
(K.M.) and a pathologist (Y.N.) correlated the MR images and
pathologic specimens.

Results

Size, Location, and Shape of Tumors
Seventeen patients presented with 19 Warthin tu-

mors of the parotid gland. Two cases had bilateral
tumors. The average maximal cross-sectional diame-
ter was 2.4 cm (range, 0.8–5.0 cm). Eighteen Warthin
tumors were located in the caudal portion of the
parotid gland. All tumors showed well-defined mar-
gins on T1-weighted and T2-weighted images. Six
tumors revealed unclear margins on STIR images,
because their signal intensities were as low as those of
the parotid glands. Fourteen Warthin tumors showed
well-defined margins on fat suppression T1-weighted
images, with the other five showing unclear margins,
because they were enhanced as much as the paren-
chyma of the parotid glands did. The average maxi-
mal cross-sectional diameter of the 17 malignant pa-
rotid tumors was 3.3 cm (range, 1.0–4.7 cm). Six
malignant tumors showed well-defined margins, and
the other 11 showed partially unclear or invasive mar-
gins on all MR images.

Signal Intensities of Tumors
All Warthin tumors had low signal intensity for the

salivary gland and isointensity compared with muscle
on T1-weighted images. Although small high-signal-
intensity spots or areas could be detected in 12 or 19
Warthin tumors, no significant difference was ob-
served between Warthin tumors and malignant pa-
rotid tumors in SIRmax and SIRmin on T1-weighted
images. On T2-weighted and STIR images, many
Warthin tumors had low-signal-intensity foci. The
mean SIRmin of Warthin tumors on STIR images
(0.29 � 0.22 SD) was significantly lower (P � .01)
than that of malignant parotid tumors (0.53 � 0.19).
The mean SIRmin of Warthin tumors on T2-weighted
images (0.28 � 0.09) was also significantly lower (P �
.05) than that of malignant parotid tumors (0.48 �
0.19). No significant differences in SIRmax were seen
on STIR and T2-weighted images between Warthin
tumors and malignant parotid tumors.

Time–Contrast Enhancement Ratio and Washout
Ratio of Tumors

The artery curve peaked at 3 to 30 seconds after the
administration of contrast agent (type A). Strongest
enhancement of the vein was at 33 to 60 seconds (type
B). Seven (36.8%) of the 19 Warthin tumors had type
A curves, and the other 12 (63.2%) had type B curves.
One Warthin tumor with a type A curve also had a
type E curve. Six Warthin tumors with type B curves
had one or two additional types of curves: type C1 in
one case, both types D and E in one case, and type E
in four cases. The average washout ratio of all 19
Warthin tumors was 44.0% � 20.4, that of the

seven type A tumors was 47.4% � 17.8, and that of
the 12 type B tumors was 42.3% � 22.1. One type
A and six type B tumors had areas showing a wash-
out ratio lower than 30%. Of the malignant parotid
tumors, eight showed type D curves. The average
value of the washout ratio of all 17 malignant pa-
rotid tumors was 11.9% � 11.6. The time–signal
intensity curves and washout ratios of the tumors
are summarized in Table 2.

ADC Values of Tumors
All diffusion-weighted images of 19 Warthin tu-

mors and 17 malignant tumors showed irregularly
high signal intensities. The ADC values of both tu-
mors and of spinal cord were measured. The average
of the ADC values of the 19 Warthin tumors (0.96 �

TABLE 2: Time intensity curves of tumors as shown by dynamic MR
imaging

Case
No.

Curve Types

A B C1 C2 C3 C4 D E

WA 1 � (41–50) �

WA 2 � (39–50) �

WA 3 � (22–38)
WA 4 � (50–58) �

WA 5 � (3–54)
WA 6 � (45)
WA 7 � (39)
WA 8 � (40–52)
WA 9 � (97)
WA10 � (45)
WA11 � (52)
WA12 � (22–32)
WA13 � (50) � (29)
WA14 � (22–47) �

WA15 � (18) �

WA16 � (73–102)
WA17 � (45) � (0) �

WA18 � (46–61)
WA19 � (11–55)
AC 1 � (22)
AC 2 � (25)
AC 3 � (20) �

AC 4 � (18–24) � (4.4)
ME 1 � (38) � (11)
ACC1 � (15) � (0)
ACC2 � (17) � (0) �

SD 1 � (11) � (6) �

SD 2 � (0)
SD 3 � (12) �

SD 4 � (0)
SD 5 � (16–27) � (0)
SQ 1 � (18–35)
BC 1 � (16) � (5) � (0)
CEP1 � (0)
CEP2 � (6) � (0) �

CEP3 � (25) � (4) �

Note.—WA indicates Warthin tumor; AC, acinic cell adenocarci-
noma; ME, mucoepidermoid carcinoma; ACC, adenoid cystic carci-
noma; SD, salivary duct carcinoma; SQ, squamous cell carcinoma; BC,
basal cell adenocarcinoma; CEP, carcinoma ex pleomorphic adenoma.
Washout ratio, shown in parentheses, is expressed as a percentage.
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0.13, 0.72 to 1.17 � 10�3 mm2/s) was significantly
lower (P � .01) than that of the 17 malignant tumors
(1.19 � 0.19, 0.79 to 1.65 � 10�3 mm2/s). The average
of the ADC values of the Warthin tumors was also
lower than that of the spinal cord (1.02 � 0.05, 0.93 to
1.16 � 10�3 mm2/s), but not significantly.

Correlations between Radiologic and
Pathologic Findings

All dissected Warthin tumors had fibrous capsules
at the maximal diameter section. The fibrous cap-
sules, sometimes shown on MR images, varied in
thickness, and the tumors were separated from nor-
mal major glands. The high-signal-intensity foci on
unenhanced STIR and T2-weighted images corre-
sponded to cysts (Fig 1). These macroscopic cysts
usually were sizable, and they lost their contents when
the tumors were subjected to specimen preparation.
They showed high ADC values (1.63 � 0.50 � 10�3

mm2/s) on diffusion-weighted images. Microscopic
cysts in the macroscopic solid components of Warthin
tumors varied from small slitlike spaces to those sev-
eral centimeters in length and occupied a consider-
able portion of the entire lesion. The microscopic
slitlike cysts, mostly not detectable as high-signal-
intensity foci on STIR and T2-weighted images,
showed characteristic low ADC values on diffusion-
weighted images. They were filled with proteinous
secretion (Fig 1). High-signal-intensity areas on T1-
weighted images corresponded to areas with accumu-
lations of microscopic cysts containing proteinous
fluid with foamy cells, red cells, and neutrophils (Fig
2). Sometimes, the macroscopic solid area with these
microscopic complicated cysts showed characteristic
low signal intensities on STIR images. The typical
components of Warthin tumor (slitlike cysts, or arbo-
rescent spaces lined by a papillary proliferation of
bilayered oncocytic epithelia with supporting stroma
composed largely of lymphoid tissue) showed type A
or B perfusion curves with high washout ratio
(�30%) on dynamic contrast-enhanced images and
low ADC values (0.88 � 0.17 � 10�3 mm2/s) on
diffusion-weighted images (Fig 1). The epithelial
stroma and lymphoid tissue with accumulating micro-
scopic complicated cysts also showed type A or B
time–signal intensity curves on dynamic images, but
their washout ratio was sometimes low (�30%)
(Fig 2).

Discussion
It is clinically important to determine preopera-

tively whether a salivary gland tumor is benign or
malignant, because such a determination will strongly
influence the choice of surgical procedure. If the
tumor is benign, waiting to remove it allows it to grow
larger, making the eventual surgery more difficult and
prone to complications. In case of pleomorphic ade-
noma, prolonged delay can lead to malignant change,
and therefore prompt local excision or superficial
parotidectomy. If the mass is initially malignant, total

parotidectomy with or without facial nerve removal is
performed without delay (1, 2). As for Warthin tu-
mors, enucleation is recommended when the diagno-
sis is known preoperatively, and �2% recurrence is
reported (15–17).

The morphology and extent of head and neck tu-
mors and their relationship to adjacent structures can
be clearly shown by MR imaging. However, it is com-
monly thought that MR imaging cannot make a reli-
able distinction between benign and malignant neo-
plasms, and that a pathologic diagnosis by such
method is out of reach (6–11). Nevertheless, Yabuu-
chi et al (12) and Wang et al (13) have reported that
dynamic contrast-enhanced and diffusion-weighted
imaging methods are useful for predicting whether
salivary gland tumors are benign or malignant.

Warthin tumor generally has been regarded as the
second most common benign tumor of the parotid
gland after pleomorphic adenoma. It occurs largely in
middle-aged and older men (18) and usually in the
parotid gland or periparotid region, mostly involving
the inferior pole of the gland. Multicentric occur-
rence is seen more often with Warthin tumor than any
other salivary gland tumor. Warthin tumors usually
are spherical to ovoid, have a smooth surface, and
normally are 2 to 4 cm in diameter. All tumors in this
study showed well-defined margins on T1- and T2-
weighted images, and the average maximal cross-sec-
tional diameter of the Warthin tumors at our institute
was 2.4 cm (range, 0.8–5.0 cm). Our data agreed well
with data reported in previous articles (18, 19).

Warthin tumor is an adenoma with a variable num-
ber of cysts filled with mucoid or brown fluid. The
cysts are lined with papillary proliferations of bilay-
ered oncocytic epithelia and supporting stroma com-
posed of great amounts of follicle-containing lym-
phoid tissue. The tumor occasionally contains focal
hemorrhage and necrosis. In our study, some large
cysts could be detected as high-signal-intensity foci on
STIR and T2-weighted images, but small slitlike cysts
were not detected. The areas including complicated
cysts containing proteinous fluid with foamy cells, red
cells, and neutrophils showed high signal intensity on
T1-weighted images. Minami et al (20) reported that
cysts containing cholesterol crystals appeared on T1-
weighted images as high-signal-intensity areas. In the
present study, cysts containing cholesterol crystals
could not be detected, but some large cysts leaked
fluid when the tumor was cut. Some areas of the
high-signal-intensity lesions on T1-weighted images
showed characteristic low signal intensity on STIR
images. STIR is sensitive to changes in T1 and T2
values, and an inversion time was chosen so that the
signal intensity of fat was zero at the time of 90 pulses.
T1 values of hemorrhagic lesions change depending
on the time from the start of hemorrhaging, so some
hemorrhagic lesions with the same T1 value as fat
might show hypointensity on STIR images (21, 22).
However, this hypothesis could not completely ex-
plain the signal intensities of STIR, as the marked
low-signal-intensity foci on STIR images do not al-
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ways appear as high-signal-intensity areas on T1-
weighted images.

Both the cellular matrix with usual large cysts and
with complicated cysts, which were small and slitlike,
showed type A or B time–signal intensity curves on

dynamic contrast-enhanced images. Our data agreed
well with data reported in previous articles (8, 12, 14).
According to Yabuuchi et al (12), a correlation ex-
isted between the washout ratio and cellularity-stro-
mal grade; they reported that Warthin tumors with

FIG 1. Images of a Warthin tumor in the left parotid gland of a 70-year-old man.
A, STIR image (4000/30), obtained in the axial plane, shows the tumor with moderate-to-high signal intensity. The high-signal-intensity

area is a cystic lesion (*); the area showed no enhancement on contrast-enhanced images (see panel C, region of interest 2).
B, T1-weighted image (400/9), obtained in the axial plane, shows a hypointense tumor.
C, Fat suppression contrast-enhanced T1-weighted image (300/20), obtained in the coronal plane, shows solid (region of interest 1)

and cystic (region of interest 2) tumor in the inferior pole of the parotid gland.
D, Signal intensity graph shows that the washout ratio of the solid component was 41%. The cystic region shows no enhancement

(type E). The ADC values of the solid and cystic components were 0.96 � 10�3 mm2/s and 2.74 � 10�3 mm2/s, respectively. The ADC
value of the spinal cord was 1.02 � 10�3 mm2/s.

E, Axial section of the specimen shows solid and large cystic components (*). The large cyst lost its contents.
F, Solid component has slitlike or dendriform spaces (*) lined with papillary proliferation of bilayered oncocytic epithelia, with

supporting stroma composed largely of lymphoid tissue (**). The small slitlike cysts are filled with proteinous secretion.
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many microvessels and hypercellular stromata had a
high washout ratio (�30%) and that malignant tu-
mors with many microvessels and hypocellular stro-
mata had a low washout ratio (�30%). In our study,
12 (63%) of the 19 Warthin tumors showed an exclu-
sively high washout ratio, except in the unenhanced
areas. The other seven (37%) had low washout ratio
components, and one of the seven had low washout
ratio components only. In the present study, a differ-
ence was shown concerning washout ratio between
the areas containing usual microscopic cysts and mi-
croscopic complicated cysts. The permeability and
diffusion of contrast material in the two areas can be
assumed to be different, with contrast material pos-
sibly diffusing in complicated cysts as it does in foamy
cells, red cells, and neutrophils. Complicated cysts
would then form an extracellular matrix containing
slowly distributed and accumulating contrast material.

The average value of the washout ratio of all 19
Warthin tumors was 44.0% � 20.4 and that of all 17

malignant parotid tumors was 11.9% � 11.6. A 30%
washout ratio is generally considered the borderline
for predicting whether salivary gland tumors are be-
nign or malignant.

The average ADC value of 19 Warthin tumors
(0.96 � 0.13 � 10�3 mm2/s) was significantly lower
than that of 17 malignant tumors (1.19 � 0.19 � 10�3

mm2/s) (P � .01). Macroscopic cysts showing high
signal intensity on STIR and T2-weighted images had
high ADC values. In the case of Warthin tumors,
epithelial and lymphoid stromata with microscopic
slitlike cysts filled with proteinous fluid had low ADC
values. It was not surprising that the mean ADC value
of large cystic components was markedly higher than
that of hypercellular tissue, because the mobility of
water protons is relatively freer in fluid than in other
tissues. The small cysts filled with proteinous fluid in
Warthin tumors could not be detected as high-signal-
intensity foci on STIR and T2-weighted images, and
they had lower ADC values than the high-signal-

FIG 2. Images of a Warthin tumor in the left parotid gland of a 61-year-old man.
A, STIR image (4000/30), obtained in the axial plane, shows the tumor to be iso- to hypointense to the parotid gland. Characteristically

small low-signal-intensity foci (arrows) can be detected. The margin of the tumor also has hypointense foci.
B, T1-weighted image (400/9), obtained in the axial plane, shows the tumor to have the isointensity of muscle and relatively

high-signal-intensity areas, whereas the STIR image shows low-signal-intensity areas (arrows). The margin of the tumor also is
hypointense on T1-weighted images.

C, Axial dynamic contrast-enhanced image shows all areas of this tumor to have type B perfusion curves.
D, Signal intensity graph shows that foci that showed hypointensity on the STIR image and relatively high signal intensity on the

T1-weighted image (region of interest 1) had a low washout ratio (3%) and the other region (region of interest 2) had a high washout ratio
(54%).

E, Axial section of the specimen shows cysts containing proteinous fluid with inflammatory cells (*).
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intensity cysts on STIR and T2-weighted images. The
difference between the two types of cysts can be
attributed to the viscosity of their contents. Highly
viscosous contents, such as dense proteinous secre-
tions, show lower ADC values than those of serous
fluid (23). Hypercellular matrix and microscopic slit-
like cysts filled with highly viscosous contents in War-
thin tumor have low ADC values on diffusion-
weighted images. According to Wang et al (13), the
mean ADC value of malignant lymphomas (0.66 �
0.17 � 10�3 mm2/s) was significantly smaller (P �
.001) than that of carcinomas (1.13 � 0.43 � 10�3

mm2/s), which in turn was significantly smaller (P �
.002) than that of benign solid tumors. They used an
ADC value smaller than 1.22 � 10�3 mm2/s for pre-
dicting malignancy. Their study included only three
Warthin tumors among 10 benign solid tumors of the
head and neck. The ADC values of spinal cords in our
study were similar to those reported by Wang et al,
but all Warthin tumors in our study would be falsely
positive if the criterion presented by Wang et al were
used. We think that a low ADC value is a noteworthy
feature of Warthin tumor.

Conclusion
Most Warthin tumors were revealed to involve the

inferior pole of parotid glands and to have a smooth
margin on T1- and T2-weighted images. Warthin tu-
mor, epithelial stroma, and lymphoid tissue with mi-
croscopic cysts filled with proteinous secretion
showed early enhancement, type A or B perfusion
curves, and a high washout ratio (�30%) on dynamic
contrast-enhanced images and a low ADC value on
diffusion-weighted images. The cellular components
with accumulated microscopic cysts containing pro-
teinous fluid with foamy cells, red cells, and neutro-
phils were recognized as high-signal-intensity foci on
T1-weighted images and characteristically hypoin-
tense areas on STIR and T2-weighted images. These
cellular components with accumulated microscopic
complicated cysts showed a low washout ratio
(�30%) on dynamic contrast-enhanced images. The
additional information of ADC, washout ratio, and
time– signal intensity curves confirmed that the tumor
was a Warthin tumor. A 30% washout ratio threshold
tended to be useful for predicting whether salivary
gland tumors were benign or malignant. The ADC
values of Warthin tumors (0.96 � 0.13 � 10�3 mm2/s)
were significantly lower (P � .01) than those of ma-
lignant tumors (1.19 � 0.19 � 10�3 mm2/s), as were
the signal intensities of the characteristic hypointense
areas of Warthin tumors on STIR and T2-weighted
images. Our extensive routine MR imaging study re-
quires approximately 15 minutes to obtain all images
and is excellent not only for assessing the extent of a
salivary gland tumor and the relationship to adjacent
structures, but also for determining whether the tu-
mor is benign or malignant.
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