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Abstract
Purpose We investigated the correlation between tumor blood flow (TBF) and histopathologic features ofWarthin tumors (WTs)
and pleomorphic adenomas (PAs) to determine the TBF in the differential diagnosis of these tumors and evaluated how well
pCASL-MRI can differentiate PAs from WTs compared to conventional MRI.
Methods The ADC, time intensity curve (TIC) pattern of dynamic contrast enhancement, and pCASL (visual assessment and
TBF of theMR images of 10WTs and 13 PAs) were reviewed.We compared the pCASL andADC or TIC patterns inWTand PA
images. Tissue sections were stained with CD34 to evaluate microvessel density (MVD). The TBF and MVD results were
compared. The Mann-Whitney U test was used to compare the TBFs, ADCs, and MVDs of these tumors. The diagnostic
accuracy was determined by analyzing the receiver operating characteristic curve.
Results On visual assessment, the signal intensity was higher in all but three cases of WT. The TBF and MVD of the WTs were
significantly higher (both, p < 0.01) than the PAs, and the ADC was significantly lower (p < 0.01). Many WTs had early
enhancement of the TIC pattern and high washout; many PAs had gradual enhancement. The diagnostic accuracies of visual
analysis, TBF, and ADC for differentiation between WTs and PAs were 91.3, 95.7, and 87.0%, respectively.
Conclusions The TBFwere significantly higher inWTs than in PAs, and there was a positive correlation between TBF andMVD.
Moreover, pCASL-MRI provides more accurate imaging than conventional MRI to differentiate WTs and PAs.
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Abbreviations
ADC apparent diffusion coefficiency
ASL arterial spin labeling
AUC area under the curve
CBF cerebral blood flow
CNS central nervous system
DWI diffusion weighted image
EPI echo-planar imaging
FOV field of view
FSE fast spin-echo
MRI magnetic resonance imaging
MVD microvessel density
NEX number of excitation
NPV negative predictive value
NRI net reclassification improvement
PA pleomorphic adenoma
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PASL pulsed ASL
pCASL pseudo-continuous ASL
PPV positive predictive value
ROC receiver operating characteristic
ROI region of interest
SNR signal-to-noise ratio
T1WI T1 weighted image
T2WI T2 weighted image
TBF tumor blood flow
TIC time intensity curve
TSE turbo spin-echo
WR washout ratio
WT Warthin tumor

Introduction

The most common benign parotid region tumors are pleomor-
phic adenomas (PA) and Warthin tumors (WT), which togeth-
er comprise 75–90% of all benign parotid gland tumors [1–4].
The treatment and surgical approach for PAs and WTs of the
parotid gland differ. The recommended treatment for WT is
enucleation, as it reduces the risk of facial nerve damage [2].
In contrast, patients with PA who were treated with enucle-
ation rather than parotidectomy and patients who had capsular
rupture at surgery had higher reported PA recurrence rates [2].
For this reason, PA tumor enucleation is no longer considered
an acceptable surgical technique; parotidectomy is the recom-
mended treatment. Therefore, an accurate preoperative diag-
nosis is necessary to distinguish these tumor types. Thus far,
the different patterns of contrast enhancement and the appar-
ent diffusion coefficiency (ADC) have been valuable for the
differential diagnosis of WTs and PAs in the parotid gland
[5–14].

Arterial spin labeling (ASL) is a perfusion imaging tech-
nique that uses the intrinsic spin state of arterial blood water as
a tracer. This perfusion method has been applied to diagnose
and monitor the treatment of central nervous system (CNS)
tumors [15–18]. Although the use of ASL perfusion magnetic
resonance imaging (MRI) beyond the CNS has been increas-
ing in recent years [19], it still remains unclear whether ASL
can provide accurate measurements of tumor blood flow
(TBF) in parotid gland tumors. Reports of ASL perfusion
findings of parotid gland tumors are limited, though two pa-
pers focusing on this topic have been published recently [20,
21], and the applicability of quantitative assessment to WT
and PA has not yet been fully clarified. Although our previous
study showed that pseudo-continuous ASL (pCASL) may
provide a correct evaluation of tumor perfusion of a salivary
gland tumor that includes a submandibular gland tumor based
on the significant correlation between ASL-TBF and
microvessel density (MVD) [20], it did not suffice for the
comparison with the conventional MR methods. The current

study included only subjects with parotid gland tumors; we
also added a visual assessment of pCASL images and a com-
parison of the ability of differential diagnosis between
pCASL-MRI and the conventional MR methods to this study.

The purposes of this study were as follows: (i) to investi-
gate the correlation between TBF and histopathologic features
of WTs and PAs to determine the value of TBF in the differ-
ential diagnosis of parotid gland tumors and (ii) to investigate
how well pCASL-MRI can qualitatively and quantitatively
distinguish PAs from WTs compared to a conventional
method.

Materials and methods

Subjects

This retrospective study was approved by the institutional
review board with a waiver of written informed consent.
From April 2011 to July 2014, 23 patients with 10 WTs and
13 PAs of the parotid gland detected by preoperative MRI in
our institution were enrolled in this study. One cystic WTwas
also included in the study (Fig. 1).

All patients underwent routine head and neck MRI and
pCASL-MRI. There was no stenosis in the carotid arteries
of any patient. pCASL-MR images were acquired for all
cases. Because of strong affect by the artifact due to dental
metal, the case that pCASL-MR image was not obtained
was not included in this study. Patient demographics are
shown in Table 1.

Conventional MRI protocols

Routine and perfusion MRI scans were performed using a 3T-
MR unit (Discovery MR750; GE Healthcare, Waukesha, WI,

Fig. 1 A 64-year-old man with a palpable mass in the left parotid gland.
Pathological examination of the surgically resected specimen confirmed
the diagnosis of a cystic Warthin tumor. a Fat suppression T2-weighted
image (T2WI) shows a hyperintense tumor in the left parotid gland (ar-
row). The wall of this tumor is thick and has intermediate signal intensity.
b pCASL-MR image shows a peripheral hyperintense tumor (arrow); the
center signal is dark
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USA) with a 16-channel 3 T Head Neck Spine Array Coil.
Axial diffusion-weighted single-shot spin-echo echo planar
sequences with fat suppression by using short-tau inversion
recovery were acquired using the following parameters: b val-
ue = 0 and 1000 s/mm2; TR/TE/TI = 3600/50.6/248 ms; sec-
tion thickness/gap = 4 mm/1 mm; field of view (FOV) =
220 mm; matrix size = 220 × 178; number of excitation
(NEX) = 1. ADC maps were automatically generated.
Dynamic contrast-enhanced MR images were acquired by
3D fat suppression T1-weighted liver acquisition with volume
acceleration flexible (LAVA-FLEX) with the following pa-
rameters: TR/TE = 5.2/1.8 ms; section thickness/gap = 3.4/−
1.7 mm; FOV = 220 × 176 mm; matrix size = 256 × 256;
NEX = 0.71. Gd-DTPA (Magnevist; Bayer, Osaka, Japan)
was administered (0.1 mmol/kg body weight) at a rate of
2.0 mL/s, and then, a 20-mL saline flush was delivered into
the antecubital vein. Dynamic contrast-enhanced T1WI acqui-
sition was performed immediately after intravenous contrast
material injection. The scans were sequentially obtained be-
fore and 30, 60, 90, 120, 150, 180, and 300 s after contrast
material administration.

ASL perfusion MRI protocols

A 3D spiral fast spin-echo (FSE) sequence with background
suppression covering the entire brain was used for pCASL
perfusion imaging. A pseudo-continuous scheme was
employed for ASL [22]. The parameters for the pCASL per-
fusion images were as follows: TR/TE = 4700/10.5 ms, spiral
readout of 7 arms × 512 samples, 30 to 40 × 4 mm axial sec-
tions, and reconstructed pixel size of 1.8 × 1.8 mm. Two av-
erages of label and control pairs required a total time of 2 min
and 49–52 s. The position of the labeling plane was located
2 cm below the lowest imaging slices.

For blood flow quantification, an approximate proton
density-weighted image was obtained with the same acquisi-
tion parameters, except that neither background suppression
nor labeling were used. Quantification was performed using
the model defined by Alsop and Detre [23] with the inclusion
of a term for finite labeling duration [24].

Blood flow was described by the following equation:

blood flow ¼ λ 1−e−Tsat=T1g
� �

� ew=T1b

2αT1b 1−e−τ=T1bð Þ
� Sctrl−Slblð Þ=Sref ;

where labeling time (τ) = 1.5 s, post-label delay (w) = 1.5 s,
brain–blood partition coefficient (λ) = 0.9 [25], labeling effi-
ciency (α) = 0.8 × 0.75 (pseudo-continuous ASL × back-
ground suppression) [26], T1 of blood (T1b) = 1.6 s, saturation
recovery time for proton density-weighted image (Tsat) = 2.0 s,
and correction for saturation recovery on proton-density-
weighted image (T1g) = 1.2 s. Sctrl and Slbl are the signal of
the control and label image, respectively, and Sref is the proton
density-weighted reference image. As for calculating TBF, we
used the same model and conditions as those used for calcu-
lating blood flow in the CNS.

Data analysis

AllMR images were analyzed based on the consensus opinion
of two neuroradiologists (TY, 21 years of experience and HK,
28 years of experience). Because the ASL image depicts a
signal depending on blood flow, hypoperfusion tumor reveals
the iso-signal intensity to surrounding tissue, and we could not
recognize tumor itself. Thus, because pCASL-MRI does not
provide anatomical details of parotid gland tumors, a region of
interest (ROI) selection tool was developed that allowed ROI
placement on T1WIs and automatic acquisition of TBF values
corresponding to the tumor ROI (Fig. 2). The in-house soft-
ware was created using IDL (IDL 7.0; Exelis Visual
Information Solutions, Boulder, CO, USA). Tumor ROIs were
manually drawn on T1WIs corresponding to the TBF map.
The ROIs were at least 5 mm in size and included all tumor
tissue, but excluded the degeneration and hemorrhage by
comparison with contrast-enhanced T1WIs. The mean and
maximum calculated value within the ROI was defined as

Table 1 Patient demographic

WT PA p value

Sex (M/F) 10:0 11:2 0.21

Age (year) 50–76 31–81 0.03*

Median 62 45

Diameter (mm) 11.9–37.8 8.2–52.6 0.80

Median 22.2 24.2

WTWarthin tumor, PA pleomorphic adenoma

*p < 0.05

Fig. 2 Demonstration of ROI placement in a Warthin tumor case.
Manually drawn ROI on a T1-weighted image (T1WI) (a) and automatic
acquisition of pseudo-continuous arterial spin labeling-tumor blood flow
(pCASL-TBF) map (b) corresponding to the tumor ROI
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the mean TBF and max TBF. A copy of ROI was placed on
the ADCmap with calculation of the ADC value of the tumor.
The mean calculated value within the ROI on ADC map was
defined as the ADC. Three ROImeasurements were taken and
the results were averaged. A copy of ROI was placed on the
T1-weighted dynamic study and time intensity curves (TICs)
were constructed. According to the TIC classification that
Yabuuchi et al. reported previously [5], we categorized the
parotid tumors into four TIC types. In type A, the time to peak
(Tpeak) was > 120 s. A parotid gland tumor of this type was
considered to have gradual enhancement. In type B, the Tpeak
was ≤ 120 s and the washout ratio (WR) was ≥ 30%. A parotid
gland tumor of this type was considered to have early en-
hancement and high washout. In type C, Tpeak was ≤ 120 s
and the WR was < 30%. A parotid gland tumor with this
pattern was considered to have early enhancement and low
washout. In type D, the TIC was flat. A parotid gland tumor
of this type was considered to be markedly cystic. Visual
analysis of the pCASL images was performed using a five-
point grading scale (0 = definitely dark signal, 1 = mild low
signal, 2 = equivocal (iso-signal to the surrounding parotid
gland), 3 = high signal, and 4 = definitely marked high signal).
While conducting the analysis, we found that we had to in-
clude additional classifications, grade 2 + 0, which we defined
as follows: the margin of the tumor has a signal intensity
similar to that of the circumference, and the center presents a
dark signal, grade 3 + 0, which we defined as follows: the
margin of the tumor has a higher signal intensity in the cir-
cumference, and the center presents a dark signal. To calculate
the sensitivity, specificity, and accuracy of each modality,
scores of 3, 4, and 3 + 0 were defined as positive, and scores
of 0, 1, 2, and 2 + 0 were regarded as negative. We also com-
pared the TBF calculated from pCASL-MRI and the conven-
tional method with the ADC obtained from diffusion-
weighted images (DWIs) and the dynamic-enhanced curve
analyses of the two groups. In addition, each method was
compared to the pathological results.

Histopathologic evaluations

We examined microvessel density (MVD) as a histopatholog-
ic parameter by immunostaining tissue sections with an anti-
body against CD34 (Novocastra Laboratories, Newcastle,
UK), which identifies vascular endothelial cells. The vessel
lumina were recognized as an area surrounded by the CD34-
positive endothelial cell layer. Large vessels with thick mus-
cular walls and a lumen of more than approximately 8 red
blood cells in diameter were excluded from the count, as de-
scribed in a previous report [27]. Slides were examined under
low-power magnification (× 40) to identify areas with the
highest densities of microvessels. In each case, the three most
vascularized areas were selected, and digital images were cap-
tured with a microscope (PROVIS AX80; Olympus, Tokyo,

Japan) equipped with a digital camera (FX380; Olympus,
Tokyo, Japan). A microscopic field of the most intense vascu-
larization in each specimen under a × 200 field (× 20 objective
and × 10 ocular, 0.74 mm2 per field with the field size mea-
sured with an ocular micrometer) was photographed and
saved as a JPEG file (1600 × 1200 pixels, 16.7 million colors,
8-bit). The images were analyzed with MacSCOPE software
(Mitani Co., Fukui, Japan) to measure MVD by quantifying
the total number of brown staining vessel lumina surrounded
by the endothelial cell layer in each field. The histological
analyses were performed by an investigator (YI) who was
unaware of the pCASL-MRI results. The mean of three counts
per tumor was used for the MVD analysis.

Statistical analysis

The patients’ demographics were compared by using Fisher’s
exact probability test for sex and location, and an unpaired
Student’s t test for age and size. MVD, mean and max TBF,
and ADC were compared between WTs and PAs using the
Mann–Whitney U test, and p < 0.05 was considered signifi-
cant. The correlations between MVD and mean and max TBF
from pCASL-MRI were evaluated in 10 WTs and 13 PAs by
using single linear regression analysis and Spearman’s rank
correlation coefficients (rs), as well as between MVD and
ADC. For the differentiation among these tumors using visual
assessment and mean and max TBF, ADC, and TIC, the diag-
nostic sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy were calculat-
ed with a threshold that was determined by the area under the
ROC curve (AUC) using univariate logistic regression analy-
sis based on the histopathologic examination results as the
reference standard using statistical software (StatFlex Ver.
6.0; Artech Co., Ltd., Osaka, Japan or The R package; R
Development Core Team, Vienna, Austria). The net reclassi-
fication improvement (NRI) analysis was used to determine
the significance of difference among the AUC of each method
[28]. These results were corrected for multiple-comparison
testing with the Bonferroni method.

Results

Patient demographics

There was a significant difference in age between patients with
WT and PA (p = 0.03). Other clinical characteristics did not
significantly differ between the two types of tumor (Table 1).

Visual analysis on pCASL-TBF image

We performed a reproducible test of visual analysis with two
readers. Interobserver agreement was assessed using the
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Cohen kappa statistic and was found to be good (κ = 0.74).
Here, we show one result. In the visual analysis of WT, seven
cases were grade 4, one case was grade 3, one case was grade
3 + 0, and one case was grade 1. In the visual analysis of PA,
one case was grade 4, one case was grade 2 + 0, and 11 cases
were grade 0. The cases with the highest signal intensity were
WTand one case of cellular PA. We found that the sensitivity,
specificity, and diagnostic accuracy of the visual analysis were
90.0, 92.3, and 91.3%, respectively. Regarding the univariate
logistic regression analysis, the AUC was 0.912 for
distinguishing between WTs and PAs, and the diagnostic ac-
curacy was 91.3% (Table 2).

Tumor blood flow

The mean TBF values were 66.3 to 121.1 mL/100 g/min (medi-
an, 95.5 mL/100 g/min) for WT and 11.1 to 86.9 mL/100 g/min
(median, 24.5 mL/100 g/min) for PA. The mean TBF was sig-
nificantly higher in WT than in PA (p < 0.01) (Fig. 3). The max
TBF values were 88.7 to 224.3 mL/100 g/min (median,
135.2 mL/100 g/min) for WT and 36.8 to 146.1 mL/100 g/min
(median, 78.8 mL/100 g/min) for PA. The max TBF was signif-
icantly higher in WT than in PA (p< 0.01). We show represen-
tative cases of WT and PA in Figs. 4 and 5, respectively.

Regarding the ROC curve analysis, when we used a mean
TBF of 60.5 mL/100 g/min as the cutoff value to differentiate
WTs from PAs, we found that the sensitivity, specificity, PPV,
and NPV were 100, 92.3, 90.9, and 100%, respectively. The
AUCwas 0.969 for distinguishing betweenWTs and PAs, and
the diagnostic accuracy was 95.7% (Table 2).

ADC

The ADC values were 0.67 to 1.49 × 10−3 mm2/s (median,
0.85 × 10−3 mm2/s) for WT and 1.06 to 2.36 × 10−3 mm2/s
(median, 1.57 × 10−3 mm2/s) for PA. ADC was significantly
lower in WT than in PA (p < 0.01).

Regarding the ROC curve analysis, when we used an ADC
of 1.27 × 10−3 mm2/s as the cutoff value to differentiate WTs
from PAs, we found that the sensitivity, specificity, PPV, and

NPV were 80.0, 92.3, 88.9, and 85.7%, respectively. The
AUC was 0.889 for distinguishing between WTs and PAs,
and the diagnostic accuracy was 87.0% (Table 2).

TIC pattern

All patients underwent dynamic contrast enhanced study, ex-
cept one WT patient with renal dysfunction. Of the 9 WTs, 7
(77.8%) were type B curve and two was a type C. Twelve of
the thirteen PAs were type A, but one was a type B, which was
a cellular PA. Regarding the univariate logistic regression
analysis, the AUC was 0.85 for distinguishing between WTs
and PAs, and the diagnostic accuracy was 86.4% (Table 2).

MVD

The MVD were between 115 and 301 (median, 133) for WT
and between 20 and 80 (median, 29) for PA. MVD was sig-
nificantly higher in WT than in PA (p < 0.01) (Fig. 6).

Comparison among each AUC

According to the NRI analysis, there were significant differ-
ences between the AUC of mean TBF and the AUCs of ADC,
TIC, and visual assessment (p < 0.005, respectively) (Table 3).
There was no significant difference among other methods. It
was judged that the mean TBF was superior to the other
methods such as ADC, TIC, and visual assessment in differ-
entiating WTs from PAs.

Fig. 3 Comparison of mean tumor blood flow between Warthin tumors
and pleomorphic adenomas. Box-and-whisker plots show tumor blood
flow (TBF) measurements in Warthin tumors (WT) and pleomorphic
adenomas (PA). The lower and upper hinges of the boxes denote the
25th and 75th percentiles, respectively. The median (50th percentile) of
each distribution is indicated by the line.Whiskers on either side extend to
the most extreme data point. Note the significant difference betweenWTs
and PAs (p < 0.01) for TBF, WT Warthin tumor, PA pleomorphic adeno-
ma, TBF tumor blood flow

Table 2 Diagnostic performance

Sensitivity Specificity PPV NPV Accuracy AUC

Mean TBF 100 92.3 90.9 100 95.7 0.969

Max TBF 90.0 92.3 90.0 92.3 87.0 0.939

Visual 90.0 92.3 90.0 92.3 91.3 0.912

ADC 80.0 92.3 88.9 85.7 87.0 0.889

TIC 77.8 92.3 87.5 85.7 86.4 0.850

TBF tumor blood flow, ADC apparent diffusion coefficiency, TIC time
intensity curve, PPV positive predictive value, NPV negative predictive
value, AUC area under the curve
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Linear regression analyses

Correlation analyses revealed a strong positive correlation be-
tweenMVD and mean TBF in all tumors (rs = 0.93, R2 = 0.84,
p < 0.01) (Fig. 7). Correlation analyses revealed a strong pos-
itive correlation between MVD and max TBF in all tumors
(rs = 0.89, R2 = 0.70, p < 0.01). Correlation analyses revealed
a weak negative correlation between MVD and ADC in all
tumors (rs = 0.56, R2 = 0.28, p < 0.01).

Discussion

In the current study, we evaluated the ability of pCASL per-
fusion MR imaging to differentiate between two common
parotid gland tumor types on the basis of qualitative and quan-
titative assessments. Using pCASL-MR images, we per-
formed visual analyses, as well as measurements of TBF.
We were able to qualitatively and immediately differentiate
WTs from PAs in a clinical setting based on visual assessment
of the pCASL-MR images. Furthermore, using histopatholog-
ical results as a reference standard, we found a significant

correlation between TBF, as measured by pCASL-MRI, and
MVD on histological specimens.

The accurate diagnosis of parotid gland tumors is critical
for the planning of surgical treatment and an accurate progno-
sis. Before surgery, MRI is typically performed for tumor type
diagnosis and an assessment of the tumor extension surround-
ing the parotid gland. Although MRI allows visualization of
the tumor extension and peri-glandular complex anatomy, it is
still difficult to histologically differentiate parotid gland tu-
mors without aspiration cytology.

There have been a few studies that applied ASL-MRI to
parotid gland tumors [20, 21]. WTs had high signal intensity
in this study, and the opposite was observed in the PAs, except
for one cellular pleomorphic adenoma. This shows that a sim-
ple visual inspection of pCASL-MR images could provide
direct differential diagnosis without the need for quantitative
measurements in a clinical setting. This is very consistent with
the result demonstrating that the TBF was significantly higher
in WTs than in PAs. Using the cutoff value of mean TBF of
60.5 mL/100 g/min, we could discriminate WTs from PAs
with an accuracy of 95.7%. The accuracy of the TBF was
higher than the ADC (87%). We could also readily

Fig. 4 A 70-year-old man with a swollen left parotid gland. Pathological
examination of the surgically resected specimen confirmed the diagnosis
of Warthin tumor. a Diffusion weighted image (DWI) shows a bright,
hyperintense tumor in the left parotid gland (arrow). b The fusion image
(pCASL-MR image, color scale, and T1-weighted post-contrast MR

imaging, gray scale) shows a red signal that overlaps the tumor (arrow),
suggesting elevated TBF (91.7 mL/100 g/min). c Immunohistochemical
staining for CD34 reveals brown-stained microvessels on a blue tumor cell
background; the microvessel density is 126 counts/microscopic high-
power magnification field

Fig. 5 A 63-year-old man with a palpable mass in the left parotid gland.
Pathological examination of the surgically resected specimen confirmed
the diagnosis of pleomorphic adenoma. a DWI reveals a hyperintense
tumor in the left parotid gland (arrow). b The fusion image (pCASL-

MR image and T1-weighted post-contrast MR imaging) shows
hypointensity (arrow), suggesting low TBF (11.1 mL/100 g/min). c
CD34 staining of the microvessels yielded a microvessel density of 20
counts/microscopic high-power magnification field
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differentiate these tumors visually using ASL-MRI, and the
utility value of ASL-MRI was high. The mean TBF was sig-
nificantly superior to the other methods such as ADC, TIC,
and visual assessment in differentiating WTs from PAs. Liu et
al. reported that the cerebral blood flow (CBF) was higher in
young women than young men, and there was no significant
difference between old men and young men [29]. Although
this study was not a study of the CBF, we think that differ-
ences in age and sex would not influence the TBF measure-
ments even if we applied their results, as the WTwith a high
TBF is older than PA, and WT patients are almost all male.

Furthermore, the MVD was also significantly higher in
WTs than in PAs; according to our histological examination,
WT was confirmed to be a vascular-rich tumor, which is in
agreement with a previous report [5, 30]. In this study, there
was a positive correlation between a quantitative value (TBF)
and the number of microvessels (MVD), which indicates that
TBF measurements via pCASL-MRI could be used to evalu-
ate tumors of the parotid gland. The correlation between the
number of the microvessels and TBF was previously reported
for brain tumors, and we previously reported that there was a
positive correlation between TBF and the number of the
microvessels for meningioma [15, 31]. Noguchi et al. also
reported a positive correlation between TBF and the
microvessels of brain tumors (e.g., lymphoma and high-
grade glioma) [16]. Although there are several reports in brain
tumors as above, it may also be worth mentioning that the
confirmation was successful even when tumors were located
in the parotid gland region.

One of the previous attempts to distinguish parotid gland
tumors was based on the characteristics of tumor enhancement
visualized on post-contrast MRI. The cumulative prolonged
and delayed enhancement after about 5-min post-contrast ma-
terial injection has been reported as a characteristic finding of
PA [5–9], except in some tumors that were full of epithelial
components. On the other hand, WT showed an enhancement
pattern of rapid increase and decrease, and an early peak time
(within 120 s) and high wash out ratio (more than 30%) have
been reported as characteristic to WT [5–8]. The opposite
pattern of the contrast enhancement in PA may be closely
related to the underlying mechanism of hyperperfusion of
ASL-MRI that is predominantly observed in WT cases. As

Fig. 7 Linear regression graphs showing the correlation between
microvessel density and tumor blood flow for all tumors. Scatter plots
of the microvascular density (MVD) with respect to the measured tumor
blood flow (TBF) in 23 parotid gland tumors are shown. The regression
line with 95% PI lines is shown (y = 0.42x + 19.50, where x indicates the
MVD and y indicates the mean TBF: rs = 0.93; R

2 = 0.84, p < 0.01). Note
the positive correlation between the MVD and the TBF,HPF high-power
magnification field, TBF tumor blood flow, PI predict interval

Fig. 6 Comparison of microvessel density in Warthin tumors and
pleomorphic adenomas. Box-and-whisker plots show the distribution of
microvessel density (MVD) in Warthin tumors and pleomorphic adeno-
mas. The lower and upper hinges of the boxes denote the 25th and 75th
percentiles, respectively. The median (50th percentile) of each distribu-
tion is indicated by the line. Whiskers on either side extend to the most
extreme data point. A significant difference in MVD is observed between
these tumor types (p < 0.01),WTWarthin tumor, PA pleomorphic adeno-
ma, MVD microvessel density, HPF high-power magnification field

Table 3 Comparison among each AUC

NRI P value

Mean vs. max − 0.6496 (− 1.2418 to − 0.0573) 0.0316

Mean vs. ADC − 0.7863 (− 1.3288 to − 0.2439) 0.0045*

Mean vs. TIC − 1.3248 (− 1.7757 to − 0.8739) 0*

Mean vs. visual − 0.9744 (− 1.4731 to − 0.4756) 0.0001*

Max vs. ADC − 0.5641 (− 1.2153–0.0871) 0.0895

Max vs. TIC − 0.0855 (− 0.7315–0.5606) 0.7954

Max vs. visual − 0.0855 (− 0.6534–0.4824) 0.7680

ADC vs. TIC − 0.1197 (− 0.7683–0.5290) 0.7177

ADC vs. visual − 0.1197 (− 0.6905–0.4512) 0.6812

Visual vs. TIC − 0.1111 (− 0.4813–0.2590) 0.5563

NRI net reclassification improvement,meanmean tumor blood flow,max
max tumor blood flow

Other abbreviations as in Table 2

Data in parentheses are 95% confidence intervals

*Difference was significant (P < .005)
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for the TICs in our cases, there was a lot of type B (77.8%,
early contrast enhancement) in WT and type A (92.3%, grad-
ually contrast enhancement) in PA, which agrees with the
report of Yabuuchi et al. [5]. WT is characterized by early
contrast enhancement, corresponding to hyperperfusion in
pCASL-MRI; on the other hand, PA is characterized by grad-
ually contrast enhancement, corresponding to hypoperfusion
in pCASL-MRI. It may be a challenge for ASL imaging to
visualize perfusion state with very slow flow such as late
phase dynamic contrast enhancement, since the label effect
of ASL is limited to a short time.

Another attempt to categorize parotid gland tumors using
MRI features is the evaluation of diffusion characteristics.
There have been many studies attempting differential diagno-
sis based on an ADC value measured by DWI [10–14].
Although the acquisition parameters of the DWI varied among
these reports, one common finding was that WT had the low-
est ADC value among the assessed tumor types, besides ma-
lignant lymphoma, which reflects a rich lymphoid tissue-
related interstitium [5]. In contrast, PA had the highest ADC
value, which reflects an abundant myxoma-like stroma [5].
There is an overlap between the ADC values of benign tumor
and malignant tumor, i.e., ADC values alone are insufficient
for accurate diagnosis, and other imaging findings are gener-
ally required. There are some reports of the diagnostic utility
of combining DWI with an evaluation of tumor hemodynam-
ics by multi-phase CT/MR [10, 11, 32]. Kato et al. reported
that a combined usage of ASL-MRI and ADC was helpful in
the differentiation of parotid gland tumors [21]. Although
Takumi et al. recently reported that they can distinguish PA
from WT using fractional anisotropy measurement based on
diffusion tensor imaging as an application of DWI [33], the
technique cannot visually evaluate those parameters as our
study did. Conventional DWI is performed using single-shot
echo-planar imaging (EPI), which is rapid and provides a
good signal-to-noise ratio (SNR). However, the use of this
technique in local magnetic field inhomogeneities can in-
crease image distortion by centimeters. Mikayama et al. re-
ported that turbo spin-echo (TSE)-DWI had significantly de-
creased image distortion and an increased SNR in the head
and neck region compared to EPI-DWI [34]. In general, the
TSE sequence, which obtains echo by refocusing RF pulses, is
less sensitive to susceptibility artifacts than a conventional EPI
sequence [35]. Reduced image distortion may provide better
reproducibility and reliability of DWI and the quantitative
parameters [36].

Until now, the two most successful methods for differential
diagnosis of parotid gland tumors have been the enhancement
pattern after administration of contrast material and ADC
values obtained by DWI, which may increase invasiveness
and complexity. However, the pCASL-MRI technique used
in this study can obtain information about tumor perfusion
without radiation exposure or the administration of contrast

material. In pulsed ASL (PASL), a different ASL technique,
SNR, is lower than pCASL. pCASL is higher in label effi-
ciency than PASL and is more stable. pCASL sequences
have used 3D-FSE acquisition, which is less susceptible
to artifact than echo-planar imaging-based ASL sequences
[37]. Therefore, pCASL is suitable for imaging of the head
and neck regions. Moreover, our findings suggest that the
two most common types of parotid gland tumors can be
distinguished promptly and accurately with pCASL-MRI,
showing that it is suitable for evaluating whether intensity
of the tumor is high or low, and it is worth adding as a
routine protocol.

Although our primary interest is to differentiate benign
and malignant parotid tumors, there are few malignant
cases, and none were included in this examination. TBF
values measured by pCASL-MRI for malignant parotid
tumors are overlapped with either WT or PA in limited
experience of our small group; there was not a significant
difference in TBF between patients with malignant tumor
and these two types of tumors. WTs could potentially be
watched, and PAs and malignant tumors could be resected.
It would be helpful to compare WTs to PAs and malignant
tumors, as previously reported by Kato et al. Although
ASL-MRI cannot completely replace fine-needle aspira-
tion, it is non-invasive and simple, and we think it will
play an important role in the selection of treatment
methods.

The results of this study must be evaluated in the light of its
limitations. First, the small sample size may limit extrapola-
tion of these findings beyond the current sample. Second, we
could not accurately co-register MR images with pathological
specimens. This means that the number of microvessels de-
tected by the histopathological analysis does not necessarily
precisely represent the TBF valuemeasured by the ROI placed
on the tumor. Third, there is an absence of harmonization of
ASL techniques among manufacturers. Therefore, the use of a
different ASL sequence may not guarantee reproducibility. In
addition, ASL-MRI has the faults of a low SNR, limited spa-
tial resolution. Lastly, it was difficult to differentiate the cel-
lular PA from WT using pCASL-TBF because the MVD of
the cellular PAwas high, similar to WT. Therefore, ASL-TBF
measurements, taken by themselves, could be misleading in
cases of cellular PA. The precise frequency of cellular PA has
not reported, and there are only a few case reports [38, 39].
However, it was reported that cellular PA had a lower frequen-
cy of recurrence than myxoid-rich PA [2]. Cellular PA seems
to be a rare histological subtype of PA [40]. Finally, the rela-
tive lack of cystic WTs in the study population may have been
a potential limitation, although only one case of cystic WT
indicated peripheral hyperintensity on pCASL-MR images. In
spite of these limitations, we believe that our current results
prove that pCASL-MR images have a high diagnostic value
for the identification of WTs.
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Conclusions

The values of TBF measured by pCASL-MRI were signifi-
cantly higher in WTs than in PAs, based on quantitative as-
sessment, and there was a positive correlation between TBF
and MVD. Furthermore, we were able to qualitatively differ-
entiate WTs from PAs based on visual assessment of ASL
perfusion images in a clinical setting. pCASL-MRI provides
more accurate imaging to differentiate WTs from PAs than
conventional imaging such as ADC or TIC assessment.
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