
Contents lists available at ScienceDirect

Magnetic Resonance Imaging

journal homepage: www.elsevier.com/locate/mri

Original contribution

Multi-parametric MR imaging using pseudo-continuous arterial-spin
labeling and diffusion-weighted MR imaging in differentiating subtypes of
parotid tumors

Ahmed Abdel Khalek Abdel Razek⁎

Department of Diagnostic Radiology, Mansoura Faculty of Medicine, Masnoura, Egypt

A R T I C L E I N F O

Keywords:
Diffusion
Arterial spin labeling
Perfusion
MR imaging
Cancer
Parotid

A B S T R A C T

Purpose: To evaluate multi-parametric MR imaging using pseudo-continuous arterial-spin labeling (pCASL) and
diffusion-weighted imaging (DWI) in differentiating subtypes of parotid tumors.
Material and methods: This study was done on 61 consecutive patients (27M, 34 F aged 15–75 ys: mean 42 ys)
with parotid tumors that underwent pCASL and DWI with the calculation of tumor blood flow (TBF) and ap-
parent diffusion coefficient (ADC).
Results: The mean TBF and ADC of parotid malignancy (n=20) (53.1 ± 6.9mL/100 g/min and
0.66 ± 0.1× 10−3 mm2/s) was a significant different (P=0.001) than benign tumors (n=41)
(22.7 ± 2.7mL/100 g/min and 1.28 ± 0.4× 10−3 mm2/s) respectively. Multi-parametric TBF and ADC were
used to differentiate malignant from benign tumors has an AUC (AUC) of 0.97, and the accuracy of 90%. There
was a significant difference (P=0.001) TBF between Warthin tumors (WT) (26.7 ± 9.7mL/100 g/min) and
malignancy. Selection of TBF of 30.5 mL/100 g/min to differentiate malignancy from WT revealed an AUC of
0.95 and the accuracy of 87%. There was a significant difference in TBF and ADC of pleomorphic adenomas (PA)
from malignancy (P=0.001). Multi-parametric TBF and ADC were used to differentiate PA from parotid ma-
lignancy revealed an AUC of 1.00. There was a significant difference in TBF and ADC of PA and WT (P=0.001).
Multi-parametric MRI using TBF and ADC used to differentiate PA from WT have an AUC of 0.99, and the
accuracy of 92%.
Conclusion: Multi-parametric MR imaging using pCASL and DWI is useful for differentiating benign parotid
tumors from parotid malignancy and PA from WT and TBF helps in discrimination of WT from parotid malig-
nancy.

1. Introduction

Characterization of parotid tumors is important for treatment
planning and prognosis. Superficial parotidectomy is done for pleo-
morphic adenomas (PA), enucleation for Warthin tumors (WT) and
total parotidectomy with radiotherapy for parotid malignancy [1–4].
The results of routine ultrasound and elastography are operator de-
pendent [3–7]. Computed tomography and CT perfusion cannot accu-
rately discriminate parotid tumors [2,8]. Signal intensity and pattern of
contrast enhancement of parotid tumors at pre and post-contrast MR
imaging cannot discriminate benign from malignant parotid tumors in
most of the cases [9–10]. Diffusion-weighted imaging (DWI) is based on
the Brownian motion of water protons in the tissue, which is affected by
the microstructure of tissue. The apparent diffusion coefficient (ADC)
helps in the differentiation of salivary tumors and misdiagnosed WT as

parotid malignancy [11–14]. Recent studies added that diffusion tensor
imaging cannot discriminate salivary tumors in some cases [15–16].
The main problem with DWI in the assessment of salivary tumors is
discrimination of WT from malignancy. Combined dynamic contrast
MR imaging and DWI may help in differentiation subtypes of salivary
tumors, but there is overlap in results [17–18].

Arterial spin labeling calculates the tumor blood flow without
contrast agents by application of selective inversion pulse with tagging
of the inflowing spins proximal to the imaging slab. The labeled blood
flows into the target tissue and the labeled blood-tissue interaction
change relaxation rates of the tissue. Subtraction of labeled and un-
labeled images provides a perfusion map [19–22]. The pseudo-con-
tinuous arterial spin labeling (pCASL) combines the benefits of con-
tinuous arterial spin labeling and pulsed arterial spin labeling, which
utilizes a series of discrete radiofrequency pulses. pCASL have good
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labeling and higher signal than continuous or pulsed arterial spin la-
beling [21–23]. pCASL has been used for calculation of tumor blood
flow (TBF) in head and neck cancer [23–26]. TBF is a non-invasive
imaging parameter that is well correlated with the pathological degree
of tumor differentiation, clinical stage of the tumor and nodal metas-
tasis of head and neck cancer [24]. There was a significant difference
(P=0.001) in TBF of a recurrent head and neck cancer and post-ra-
diation changes [26]. Also, pCASL is used for evaluation of skull base
[27], paranasal sinuses [28], and salivary tumors [29–31].

The rationales for the addition of pCASL to DWI in discrimination of
salivary gland tumors is that DWI gives an idea about cellularity of the
salivary gland tumors and pCASL gives an idea about vascularity of the
tumor. Quantitative parameters of pCASL and DWI including TBF and
ADC may help in the differentiation of salivary tumors without contrast
medium injection.

The aim of this work was to assess multi-parametric MR imaging of
parotid tumors using pCASL and DWI in differentiating subtypes of
parotid tumors.

2. Material and methods

2.1. Patients

Institutional review board approval was obtained and informed
consent was waived because this is a retrospective study. Retrospective
analysis of 63 consecutive patients with parotid tumors was performed.
Inclusion criteria were untreated patients with parotid tumors that
underwent pCASL, DWI and biopsy. Two patients were excluded from
the study due to susceptibility and motion artifacts at MR imaging. The
final patients included in this work were 61 patients (27 male and 34
female, age ranged from 15 to 75 years; mean age 42 years). The final
diagnosis was done by histological diagnoses of parotid tumors.

MR imaging.
MR imaging was done on a 1.5 Tesla scanner (Ingenia, Philips,

Philips Medical Systems, Best, Netherland) with a 16-channel neuro-
vascular coil. All patients underwent T1- (TR/TE=800/15ms) and T2-
weighted Turbo spin-echo images (TR/TE=6000/80ms). The scan-
ning parameters were: section thickness= 6mm, inter-slice
gap= 2mm, field-of-view (FOV) =25–20 cm and acquisition matrix
=256×224. Post-contrast fat-suppressed T1-weighted images were
done after intravenous bolus injection of 0.1 ml/kg of body weight of
gadopentetate-dimeglumine with the same scanning parameters of T1-
weighted images. The contrast study was performed after DWI and
pCASL.

2.2. Diffusion-weighted imaging

DWI was obtained using echo-planar imaging sequence (TR/
TE=3200/90ms) with parallel imaging (SENSitivity Encoding
[SENSE] reduction factor P 2) using a b-value of 0 and 1000 s/mm2. The
scanning parameters were: section thickness= 6mm, inter-slice

gap=2mm, FOV=25×20 cm, and data matrix= 92×88 and scan
duration= 90 s.

2.3. Pseudo-continuous arterial spin labeling

The pCASL using single-phase arterial spin labeling [26] with field
echo echo-planar imaging (FEEPI) sequence was done using the la-
beling plane below the level of common carotid artery bifurcation. The
scanning parameters were labeling duration=1650ms, post-label
delay =1280ms, TR/TE= 25/20ms, flip angle= 35 degrees, section
thickness= 6mm, inter-slice gap= 0.6mm, NEX= one,
FOV=20 cm×20 cm, SENSE Factor= 2.5 and scan duration=5min.
There was a reconstruction of 2880 source images of control and la-
beled images. The control images were subtracted from labeled images
with the formation of ASL map.

2.4. Image analysis

Image analysis was done by a radiologist (AA) with 25 years of
expertise of MR imaging who was blinded to the final diagnosis. A
circular region of interest (ROI) (Fig. 1)was placed on ASL map covered
almost of the parotid tumor with the calculation of TBF according to the
previously described equation [21] and copy of ROI was placed on ADC
map with the calculation of ADC of tumors. When heterogeneous en-
hancement noted, the ROI was placed in the enhanced solid part of the
tumor. The mean size of the ROI is 13.3 cm2 (8.4 to 23.6 cm2).

2.5. Statistical analysis

The statistical analysis of data was done by using the Statistical
Package for Social Science version 22.0 (SPSS Inc., Chicago, Ill, USA).
The mean TBF and ADC of parotid tumors were calculated. Student t-
test was used to compare between the TBF and ADC of parotid tumors.
The univariant analysis of TBF and MD of parotid tumors was done
using the receiver operating characteristic curve to calculate the area
under the curve (AUC). Multi-variant logistic regression analysis for
multi-parametric MR imaging using TBF and ADC for differentiating
malignant from benign tumors, malignant from WT, PA from WT.

3. Results

Table 1 shows mean TBF and ADC of parotid tumors. Table 2 shows
the ROC curve results of TBF and ADC of parotid tumors using uni-
variant and multivariant analysis.

The mean TBF and ADC of benign parotid tumors (Fig. 1)
(22.7 ± 2.7 and 1.28 ± 0.4×10−3 mm2/s) was significantly dif-
ferent (P=0.001) than parotid malignancy (Fig. 2) (53.1 ± 6.9mL/
100 g/min and 0.66 ± 0.1× 10−3 mm2/s) respectively. Selection of
TBF of 35mL/100 g/min and ADC of 0.90×10−3 mm2/s to differ-
entiate malignant from benign parotid tumors revealed AUC of 0.93,
0.88 and accuracy of 93%, 80%, the sensitivity of 95% and 95% and

Fig. 1. Pleomorphic adenoma. (A) Axial contrast MR image shows inhomogeneous enhanced mass of right parotid gland. (B) Axial ADC map shows ROI localization
with unrestricted diffusion and high ADC (1.67×10−3 mm2/s). (C) ASL map shows low TBF (22.3 mL/100 g/min) of the tumor.
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specificity of 92% and 73% respectively. Multi-parametric TBF and
ADC were used to differentiate benign parotid tumors from malignancy
with AUC of 0.97, an accuracy of 90%, the sensitivity of 95% and
specificity of 89%.

The mean TBF of WT (26.7 ± 9.7mL/100 g/min) was significant
difference (P=0.001) than malignant tumors (53.1 ± 6.9mL/100 g/
min) respectively. There was insignificant difference in ADC (P=0.06)
between WT (0.83 ± 0.2×10−3 mm2/s) and parotid malignancy
(0.66 ± 0.1× 10−3 mm2/s). Selection of TBF of 30.5 mL/100 g/min
to differentiate WT from parotid malignancy revealed AUC of 0.95, an
accuracy of 87%, sensitivity of 95% and specificity of 78%.

The mean TBF and ADC of PA (19.3 ± 1.9mL/100 g/min and
1.57 ± 0.2×10−3 mm2/s) was significantly different (P=0.001)
than malignant tumors (53.1 ± 6.9 and 0.66 ± 0.1× 10−3 mm2/s)
respectively. Selection of TBF of 22mL/100 g/min and ADC of
0.84×10−3 mm2/s to differentiate PA from malignant tumors re-
vealed AUC of 0.96, 0.98 and accuracy of 93%, 68%, the sensitivity of
95%, 86% specificity of 91% and 95% respectively. Multi-parametric
TBF and ADC were used to differentiate PA from parotid malignancy
had AUC of 1.00, an accuracy of 100%, the sensitivity of 100% and

specificity of 100%.
The mean TBF and ADC of PA (19.3 ± 1.9mL/100 g/min and

1.57 ± 0.2× 10−3 mm2/s) was significantly different (P=0.001)
than WT (26.7 ± 9.7mL/100 g/min and 0.93 ± 0.2×10−3 mm2/s)
respectively. Selection of TBF of 20.5mL/100 g/min and ADC of
1.25×10−3 mm2/s to differentiate PA from WT revealed an AUC of
0.91, 0.96, the accuracy of 83%, 92%, sensitivity of 100% and 94 and
specificity of 58% and 90% respectively. Multi-parametric MRI using
TBF and ADC used to differentiate WT from PA had an AUC of 0.99, an
accuracy of 92%, the sensitivity of 95% and specificity of 95%.

4. Discussion

The main findings of this study are multi-parametric MRI using
pCASL and DWI is useful for differentiation of benign parotid tumors
from malignancy as parotid malignancy show higher TBF and lower
ADC compared to benign parotid tumors. pCASL helps in differentiation
parotid malignancy from WT and multi-parametric MRI using pCASL
and DWI can differentiate PA from WT.

In this study, TBF of malignancy is significantly higher than that of
benign tumors. This may be attributed to high vascularity, increased
tumor blood volume, arterio-venous shunt formation, alter capillary
transit time and increase the capillary permeability of malignancy
[23,29]. One study reported that pCASL used for differentiation squa-
mous cell carcinoma from inverted papilloma of paranasal sinuses with
diagnostic accuracy of 0.92 [28]. Another study added that combined
ADC and fractional anisotropy discriminate salivary malignancy from
benign tumors with an accuracy of 86% [16]. One study reported that
threshold percentage of dynamic susceptibility contrast (DSC%) and
ADC used for differentiating malignant from benign parotid tumors is
26.5%, and 1.07×10−3 mm2/s with an AUC of 0.96 and 0.81 re-
spectively [19].

In this study, TBF of malignant tumors is significantly higher than
that of WT with an insignificant difference in ADC. Previous studies
reported there is an overlap in the ADC value between WT and ma-
lignant parotid tumors [2–3]. One study reported that the kappa coef-
ficient for diagnosis of WT using diffusion and perfusion MR imaging
for both observers is 0.79 (P=0.05) [10]. One study reported that
DSC% of parotid malignancy is significantly higher (P=0.001) than
that of WT with a threshold value of 26.9% discriminating between

Table 1
Mean, TBF (mL/100 g/min) and ADC (10−3 mm2/s) of parotid tumors.

Pathology ADC TBF

Malignant (n=20) 53.1 ± 6.9 (44–66) 0.66 ± 0.1 (0.53–0.78)
Mucoepidermoid Carcinoma (n=10) 53.1 ± 6.8 (44–66) 0.75 ± 0.1 (0.65–0.93)
Adenoid cystic carcinoma (n=6) 51.1 ± 5.7 (42–58) 0.66 ± 0.1 (0.53–0.78)
Salivary duct Carcinoma (n=4) 47.0 ± 2.0 (17–58) 0.70 ± 0.1 (0.58–0.79)
Benign (n=41) 22.7 ± 7.7 (16–51) 1.28 ± 0.4 (0.66–1.85)
PA (n=22) 19.3 ± 1.9 (16–23) 1.57 ± 0.2 (0.76–1.85)
WT (n=19) 26.7 ± 9.7 (22–51) 0.83 ± 0.2 (0.66–0.95)

Table 2
ROC curve results of TBF (mL/100 g/min) and ADC (10−3 mm2/s) of parotid
tumors.

Parameter Threshold
value

AUC Sensitivity Specificity Accuracy

Malignant Vs
benign

TBF 35.0 93 95 92 93
ADC 0.90 0.88 95 73 80
Multi-parametric 0.97 95 89 90
Malignant Vs WT
TBF 30.5 0.95 95 78 87
Malignant Vs PA
TBF 22.0 0.96 95 91 93
ADC 0.84 0.98 86 95 68
Multi-parametric 1.00 100 100 100
WT Vs PA
TBF 20.5 0.91 100 58 83
ADC 1.25 0.96 94 90 92
Multi-parametric 0.99 95 95 92

Fig. 2. Mucoepidermoid carcinoma. (A) Axial contrast MR image shows inhomogeneous enhanced mass involving the superficial and deep lobe of the right parotid
gland. (B) Axial ADC map shows restricted diffusion with low ADC (0.93×10−3 mm2/s). (C) ASL map shows high TBF (53mL/100 g/min) of parotid malignancy.
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them with an AUC of 0.99 [19]. Another study added that there is a
significant difference in FA (P=0.001) of WT (0.25 ± 0.07) and
salivary malignancy (0.41 ± 0.07) [16].

In this study, ASL can differentiate parotid malignancy from PA.
Parotid malignancy has significantly lower ADC and peak time and
higher washout rate at dynamic contrast MR imaging [11]. One study
reported that there is a significant difference in diffusion tensor para-
meter including ADC and fractional anisotropy between PA and ma-
lignant tumor (P=0.0012, P=0.001) [15]. Another study applied
pCASL on skull base lesions found significant difference (P=0.001)
between median normalized-TBF for hypervascular (4.48) and non-
hypervascular lesions (0.71) [27].

In this study, the TBF of PA is a significant lower than that of WT.
One study reported that the median TBF of WT (95.5 mL/100 g/min) is
significantly different (P=0.01) than that of PA (24.5 mL/100 g/min).
The cutoff TBF (60.5mL/100 g/min) differentiate PA from WT have
AUC of 0.969 and accuracy of 95.7% [29]. There is a significant dif-
ference in DSC% between PA and WT (P=0.001). The threshold DSC%
differentiate PA from WT is 22.5% with AUC of 0.88 [19]. Another
study added signal intensity ratio on pCASL is significant higher
(P=0.01) in WT than PA [30].

The merits of pCASL are it does not require exogenous contrast
agent, so, it used in patients with renal impairment, children and
monitoring patients after therapy [20–22].

There are a few limitations to this study. First, the signals obtained
from a 1.5-T scanner may not be strong enough or associated with a
high signal to noise ratio for estimating TBF of parotid tumors. Further
studies upon higher 3-T scanner [32,33] will improve the results.
Second, this study applied pCASL and DWI for parotid tumors. Further
studies with multi-parametric imaging using pCASL with dynamic
contrast MR imaging [34–35], diffusion kurtosis imaging [36], proton
MR spectroscopy [37] and diffusion tensor imaging [38–42] will im-
prove the results. Third, only a single observer measured TBF and ADC
of parotid tumors. Further studies with image analysis by multiple
observers with the assessment of inter and inter-observer agreement.
Forth, the spectrum of the present study cohort is narrow and is com-
posed of PA and WT for benign; and mucoepidermoid, adenoid cystic,
and salivary duct carcinomas for malignant tumors. Further multicenter
studies upon a large number of patients with different histopathological
subtypes will improve the results and can be used in the clinics in the
future.

5. Conclusion

We concluded that multi-parametric MR imaging using pCASL and
DWI is useful for differentiating benign parotid tumors from parotid
malignancy and PA from WT and TBF helps in differentiating WT from
malignancy.
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