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Salivary glands provide the greatest diversity of 

histologic types and subtypes of primary tumors,1 

and of these glands, the parotid gland is more 

frequently affected by tumors. Parotid gland tu-

mors account for approximately 3% of all head 

and neck tumors. Pleomorphic adenoma is the 

most common parotid neoplasm (70%), followed 

by Warthin’s tumor and other malignancies.2,3  

The possibility of malignancy should be ruled out 

in patients with any mass in the parotid gland to 

ensure proper management planning. This usually 

requires cytologic or histologic evaluation by fine 

needle aspiration biopsy or parotidectomy.3-5 

Preoperative MR imaging is useful for the evalu-

ation of tumors and for surgical planning as it 

allows tumor locations to be assessed. In partic-

ular, dynamic contrast-enhanced (DCE) perfusion 

MR imaging has been reported to be useful tool 
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for the differentiation of salivary gland tumors.6-11 

Perfusion MR imaging, which is sensitive to mi-

crovasculature, is performed with (dynamic sus-

ceptibility contrast imaging and DCE imaging) or 

without contrast agent (arterial spin labeling, i.e., 

ASL).12 

Dynamic susceptibility contrast (DSC) techni-

ques are the most widely used method to measure 

brain perfusion by MR imaging. DSC perfusion 

MR imaging has relatively shorter imaging and da-

ta acquisition times than ASL, and DCE perfusion 

MR imaging also allows greater anatomical 

coverage.12 DSC perfusion MR imaging measures 

signal loss during the passage of a bolus of 

non-diffusible contrast through a tumor,13 and 

can be performed using the bolus tracking techni-

que, which monitors the first passage of contrast 

medium through a capillary bed. DSC perfusion 

MR imaging is being increasingly used to assess 

the extents of capillaries and of the micro-

vasculatures of various tumors in brain, liver, and 

breast, and as a diagnostic and research tool. DSC 

perfusion MR imaging is well suited for evaluating 

tumor angiogenesis since the degree of signal loss 

depends on the volume of the intravascular space 

within a tumor and on the concentration of in-

jected contrast agent in blood,14 and thus, it pro-

vides access to the physiology of micro-

circulation, especially of the microvasculature.15 

DSC perfusion MR imaging can be helpful for 

evaluating brain tumors and for differentiating 

benign and malignant tumors,14 and has also been 

used to characterize and differentiate head and 

neck cancers.10 

In a previous study, which evaluated signal in-

tensity ratios (SIRs) on ASL images of salivary 

gland tumors, mean SIRs were found to be sig-

nificantly higher for Warthin’s tumors than those 

of malignant tumors representing more perfusion 

of Warthin’s tumors than malignant tumors.9 

However, other studies reported that Warthin’s 

tumors represent more perfusion of malignant tu-

mors than Warthin’s tumors.11,16 These conflicting 

results mean that the differential diagnosis of 

Warthin’s tumor and malignant parotid tumors is 

still difficult and has a debate. Warthin’s tumors 

contain abundant blood vessels, an extensive ca-

pillary network, and many leaky blood vessels 

pathologically.6 Thus, we wondered why Warthin’s 

tumor had conflict perfusion compared with ma-

lignant parotid masses. Given the above back-

ground, we evaluated perfusion difference be-

tween Warthin’s tumor and malignant parotid 

gland tumors on DSC perfusion MR image and 

reviewed the previous reports.

MATERIALS AND METHODS

This prospective study was approved by the hu-

man research committee of the institutional re-

view board of our hospital (Approved No.: 

1610-007-048). Fifty-seven consecutive patients 

with a parotid gland tumor treated between April 

2015 and August 2016 were initially considered 

for the study. T1-weighted, T2-weighted, DSC 
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perfusion, diffusion weighted (DW) MR imaging, 

ADC, and post-contrast MR imaging of parotid 

gland tumors were conducted in all patients using 

a 3 T scanner (Siemens Trio Tim; Siemens Medical 

System, Erlangen, Germany) using a standard head 

and neck coil.

Routine MR imaging of the parotid gland was 

performed in all the patients and those MR images 

were used for morphologic evaluation of the pa-

rotid mass. DSC perfusion MR images with a 

T2*-weighted gradient-echo EPI sequence were 

obtained following the administration of gadobu-

trol (Gadovist®, Bayer HealthCare) at a dose of 

0.2 mmol/kg body weight. Scanning parameters 

were as follows: TR/TE = 1400/32 milliseconds, 

number of excitation = 1, flip angle = 90 degrees, 

section thickness = 5 mm, FOV = 23 x 23 cm2, 

and acquisition matrix = 128 x 128. Injections 

were performed using an automatic injector into 

right arms at a rate of 3 ml/s, and were followed 

by a 20 ml saline flush. Gadolinium was adminis-

trated after acquiring 8 s of data, which treated 

as baseline data. The data acquisition time was 

110 s, and the time between the data points was 

2 s. The number of slices was 19 at 55 acquisitions 

for per slice, and the total number of images ob-

tained was ~1100. A post-contrast study was ob-

tained after each dynamic study. 

MR images were reviewed by a radiologist with 

7 years of expertise in MR imaging but without 

knowledge of clinical, imaging, or final patho-

logical results. A single region of interest (ROI) 

was manually drawn around maximal tumor diam-

eters (Fig. 1). When a tumor contained solid and 

Fig. 1. 59-year-old man with Warhin’s tumor.
(A) Dynamic susceptibility contrast (DSC) perfusion MR image with region-of-interest (ROI) localization.
Axial susceptibility perfusion weighted MR image shows the ROI is drawn by hand around the margin
of the solid component of the parotid tumor. (B) DSC% from time–signal intensity curve of the tumor
was 90.36%. 
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a cyst, the ROI was placed around the enhanced, 

solid portion and the cystic or necrotic portion 

was avoided. This ROI placement was based on 

the T2 and T1-weighted and contrast-enhanced 

MR images. TICs for ROIs on DSC were obtained 

automatically using a dedicated workstation 

(Syngo.via, Siemens Medical Solutions, Erlangen, 

Germany) using the T1 correction method. 

Quantitative decreases in lesion signal in-

tensities were evaluated to calculate enhance-

ment ratios (DSC%), as defined by the following 

equation: DSC% = S0 – SI/S0 X 100%; where S0 

represents lesion signal intensity just before signal 

intensity reduction and SI represents maximum 

contrast enhanced signal intensity.10

Pathologic data obtained by core needle biopsy 

or surgical biopsy were used as gold standards 

for diagnosis. All patients underwent surgery or 

biopsy within 15 days of MR imaging. 

The two-tailed Student t-test was used to com-

pare Warthin’s tumor and malignant tumors (P 

values of < 0.05 were considered significant). The 

analysis was performed using SPSS version 18.0 

(SPSS Inc., Chicago, IL).

RESULTS

Pathologic results were available for 11 malig-

nant tumors and 9 Warthin’s tumor. Malignant tu-

mors included MALT lymphoma, adenocarcinoma, 

oncocytic adenocarcinoma, squamous cell carci-

noma, salivary duct carcinoma, carcinoma ex 

pleomorphic adenoma, mucoepidermoid carci-

noma, atypical lymphoid hyperplasia with un-

certain malignancy, poorly differentiated carci-

Fig. 2. 53-year-old woman with adenocarcinoma.
(A) Dynamic susceptibility contrast (DSC) perfusion MR image with region-of-interest localization. 
(B) DSC% from time–signal intensity curve of the tumor was 83.38%. 
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noma, primary salivary gland carcinoma, and 

mucoepidermoid carcinoma combined with 

osteosarcoma. No significant difference in max-

imum diameters observed between malignant tu-

mors and Warthin tumor. 

DSC% values were higher for Warthin’s tumors 

(76.11 ± 20.29) (Fig. 1) than malignant tumors 

(62.82 ± 12.03) (Fig. 2). However, no significant 

difference was observed between Warthin’s tu-

mors and malignant tumors (P = 0.437) (Fig. 3).

DISCUSSION

Perfusion MR imaging is non-invasive techni-

que used to quantify brain perfusion and provides 

reliable values for cerebral blood flow, and has 

been reported to be useful tool for noninvasive 

assessments of tumor blood flow in patients with 

head and neck tumors.17 Razek et al. reported that 

Warthin’s tumor showed lower perfusion than 

malignant parotid gland tumors or other head and 

neck malignancies.10,11 However, Kato et al.9 ob-

Fig. 3. Box and whisker plots showing quantitative measurements of %DSC of Warthin’s tumor and malignant
tumors. %DSC was higher in Warthin’s tumor (76.11 ± 20.29) than malignant tumors (62.82 ± 12.03).
However, there was no significant difference between Warthin’s tumor and malignant tumors (P = 
0.437).
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served the reversed result that Warthin’s tumor 

showed higher perfusion than malignant parotid 

gland tumors. In the present study, however, the 

mean DSC% of Warthin’s tumor was 76.11 ± 20.29 

and of malignant parotid gland tumors 62.82 ± 

12.03. On statistical analysis, there was no sig-

nificant difference between Warthin’s tumor and 

malignant tumors (P = 0.437). Thus it seems to 

be impossible to differentiate two pathologies on 

perfusion MR images according to the present 

study. We suspect the discrepancy between the 

previous reports showing lower perfusion9,10 and 

higher perfusion11 and no perfusion difference 

(the present study) in Warthin’s tumor than malig-

nant tumors was probably caused by several 

reasons. Razek et al.10 used the circular automatic 

ROI on the dynamic image, represented only the 

part of solid mass, not a whole condition of the 

mass. Another report of Razek et al.11 enrolled 

few cases (only three cases) of Warthin’s tumor 

and various malignant tumors in the study. 

Different types and composition of malignant tu-

mors seem to be attributable to the discrepancy 

between Razek et al.11 and the present study. Thus 

to compare perfusion difference between 

Warthin’s tumor and malignant parotid tumors, 

more cases of Warthin’s tumor and each in-

dividual malignant tumor should be enrolled in 

further studies. On the contrary, Kato et al.9 used 

manual ROI to encompass the entire solid compo-

nents and 12 Warthin’s tumor and 9 malignant 

tumors enrolled in their study, similar ROI techni-

que and patient numbers to our study. However, 

perfusion value of Warthin’s tumor has 8 times 

of malignant tumors, and even there was no dif-

ference of perfusion between pleomorphic ad-

enoma and malignant tumors.9 Theses results 

were unusual, in considering of the high vascu-

larity of Warthin’s tumor and malignant parotid 

tumors than pleomorphic adenoma. Pathologically, 

Warthin’s tumors have abundant blood vessels 

and extensive capillary networks with many leak-

ing blood vessels than pleomorphic adenoma.6-8 

Xu et al.18 also demonstrated that blood volumes 

and flows were greater for Warthin’s tumors than 

pleomorphic adenomas, reflecting neovascularity 

and angiogenic activity of Warthin’s tumor.

Preoperative diagnosis of the histopathology of 

parotid tumors is clinically important for surgery and 

predicting prognosis. It is still difficult to diagnose 

parotid tumors preoperatively, however. Fine-nee-

dle aspiration cytology, a common diagnostic meth-

od used for parotid gland tumors, however, reveals 

low accuracy and sensitivity, especially for benign 

lesions.19 As for pleomorphic adenoma, prolonged 

delay can lead to malignant change. In a case of 

malignant mass, total parotidectomy should be per-

formed without delay.20 In Warthin’s tumors, enu-

cleation should be performed when the diagnosis 

is revealed preoperatively.21

Warthin’s tumor has been known as the second 

most common benign tumor of the parotid gland 

after pleomorphic adenoma. It occurs usually in 

middle-aged and older men in the parotid gland, 

involving the inferior pole of the gland.22 

Warthin’s tumor shows multicentric occurrence. 
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The mass reveals well-defined margins with a var-

iable number of cysts filled with mucous fluid. 

The tumor occasionally contains focal hemor-

rhage and necrosis. 

MR imaging can clearly show the morphology 

of parotid gland tumor. However, it has been 

known that MR imaging alone is difficult to differ-

entiate benign and malignant tumors, and that a 

pathologic diagnosis by MR imaging is beyond the 

diagnosis.23 Thus, dynamic contrast-enhanced 

and diffusion-weighted imaging methods has 

been studied for differentiate salivary gland 

tumors.24 The cellular components containing 

proteinous microcystic cysts with foamy cells, red 

cells, and neutrophils were recognized as hyper-

intensity foci on T1-weighted images and hypo-

intense areas on T2-weighted images. Warthin tu-

mor showed early enhancement and a high wash-

out ratio on dynamic contrast-enhanced images. 

On DWI and the ADC map images, diffusion re-

striction of Warthin’s tumors has been known as 

significantly lower than that of malignant tumors, 

especially in the case of high epithelial and lym-

phoid stroma with microscopic slitlike cysts filled 

with proteinous fluid.25 In case of large cysts 

showing freely movable fluid, there was no dif-

fusion restriction. Highly viscosous contents, such 

as dense proteinous secretions, show lower ADC 

values than those of serous fluid.26 

Our study has some limitations. First, the num-

ber of patients recruited was relatively small as 

was the number of types of parotid gland tumors 

included. We suggest a further large-scale study 

be conducted to confirm our findings. Second, we 

used a commercially available workstation (using 

Syngo.Via, Siemens Healthcare) for leakage 

correction. T2*-weighted acquisitions obtained 

by DSC perfusion MR imaging commonly have 

significant T1 sensitivity, and as such any contrast 

leakage produces artifactual elevations in the sig-

nal time course curve. Different approaches have 

been proposed to reduce the error introduced 

by contrast agent extravasation, these include, 

the use of preload-correction, double-echo ac-

quisition, parametric modeling of dynamic re-

sponse, and T1- and T2*-dominant extravasation 

correction.27,28 In particular, for extracranial tu-

mors, severe leakage of contrast agent means that 

perfusion imaging evaluations depend on the 

imaging and data processing methods used. In the 

present study, CBV maps were not obtained due 

to incomplete correction of contrast medium 

leakage. Further studies are required to avoid arti-

factually low calculation of blood volume of the 

tumor due to contrast leakage. Third, because ASL 

and dynamic contrast-enhanced MR imaging 

were not performed, we could not compare the 

diagnostic accuracies of ASL, dynamic con-

trast-enhanced MR imaging, and DSC perfusion 

MR imaging. Fourth, no intra- or inter-observer 

kappa statistics were obtained due to the sizes of 

individual categories. Fifth, accurate comparisons 

with the findings of Razek et al.10,11 were not possi-

ble because of the different conditions used.

In conclusion, Warthin’s tumor tended to have 

higher DSC% values than malignant parotid tu-



Warthin’s tumor on dynamic susceptibility contrast perfusion MR images

45

mors, however, was not statistically different from 

malignant tumors on DSC MR imaging. In con-

clusion, DSC MR imaging seems to be difficult to 

differentiate of Warthin’s tumor and malignant 

tumors in the parotid gland.

 

ACKNOWLEDGMENT

This work was supported by a 2-year Research 

Grant of Pusan National University.

REFERENCE

 1. Seifert G, Sobin L. Histological typing of salivary 

gland tumours. 2nd ed. Berlin, Germany: 

Springer-Verlag; 1991

 2. Das DK, Petkar MA, Al-Mane NM, Sheikh ZA, 

Mallik MK, Anim JT. Role of fine needle aspiration 

cytology in the diagnosis of swellings in the sali-

vary gland regions: A study of 712 cases. Med 

Princ Pract 2004;13:95–106. 

 3. Rami E. Saade, Diana M. Bell EYH. Benign neo-

plasms of the salivary glands. Cummings 

Otolaryngol Head Neck Surg p.1238–57. 

 4. Yousem DM, Gad K, Tufano RP. Resectability is-

sues with head and neck cancer. AJNR Am J 

Neuroradiol 2006;27:2024–36.

 5. Batsakis JG. Carcinoma ex papillary cystadenoma 

lymphomatosum. Malignant Warthin's tumor. 

Ann Otol Rhinol Laryngol 1987;96:234–5.

 6. Yabuuchi H, Fukuya T, Tajima T, Hachitanda Y, 

Tomita K, Koga M. Salivary gland tumors: diag-

nostic value of gadolinium-enhanced dynamic 

MR imaging with histopathologic correlation. 

Radiology 2003;226:345–54. 

 7. Eida S, Ohki M, Sumi M, Yamada T, Nakamura 

T. MR factor analysis: Improved technology for 

the assessment of 2D dynamic structures of be-

nign and malignant salivary gland tumors. J Magn 

Reson Imaging 2008;27:1256–62. 

 8. Hisatomi M, Asaumi J, Yanagi Y, Unetsubo T, 

Maki Y, Murakami J, et al. Diagnostic value of 

dynamic contrast-enhanced MRI in the salivary 

gland tumors. Oral Oncol 2007;43:940–7. 

 9. Kato H, Kanematsu M, Watanabe H, Kajita K. 

Mizuta K, Aoki M, et al. Perfusion imaging of 

parotid gland tumours : usefulness of arterial spin 

labeling for differentiating Warthin ’ s tumours. 

Eur Radiol 2015;25:3247–54. 

10. Razek AA, Elsorogy LG, Soliman NY, Nada N. 

Dynamic susceptibility contrast perfusion MR 

imaging in distinguishing malignant from benign 

head and neck tumors: A pilot study. Eur J Radiol 

2011;77:73–9. 

11. Abdel Razek AA, Samir S, Ashmalla GA. 

Characterization of parotid tumors with dynamic 

susceptibility contrast perfusion-weighted magnetic 

resonance imaging and diffusion-weighted MR 

imaging. J Comput Assist Tomogr 2017;41:131–6. 

12. Jahng GH, Li KL, Ostergaard L, Calamante F. 

Perfusion magnetic resonance imaging: A com-

prehensive update on principles and techniques. 

Korean J Radiol 2014;15:554–77. 

13. Swanson SD. MR Methods to Measure Cerebral 

perfusion. MR imaging in white matter diseases 

of the brain and spinal cord; 2005. p.83–91.



Kosin Medical Journal 2019;34:38-46.

46

14. Mangla R, Kolar B, Zhu T, Zhong J, Almast J, 

Ekholm S. Percentage signal recovery derived 

from MR dynamic susceptibility contrast imaging 

is useful to differentiate common enhancing ma-

lignant lesions of the brain. AJNR Am J 

Neuroradiol 2011;32:1004–10. 

15. Kuhl CK, Bieling H, Gieseke J, Ebel T, Mielcarek 

P, Far F, et al. Breast Neoplasms: T2* suscepti-

bility-contrast, first-pass perfusion MR imaging. 

Radiology 1997;202:87–95.

16. Alibek S, Zenk J, Bozzato A, Lell M, Grunewald 

M, Anders K, et al. The value of dynamic MRI 

studies in parotid tumors. Acad Radiol 2007; 

14:701–10.

17. Wolf RL, Detre JA. Clinical neuroimaging using arte-

rial spin-labeled perfusion magnetic resonance 

imaging. Neurotherapeutics 2007;4:346–59. 

18. Xu Z, Rong F, Yu T, Chen Y, Gao Q, Zhou T, 

et al. Pleomorphic adenoma versus Warthin tu-

mor of the parotid gland: Diagnostic value of 

CT perfusion imaging and its pathologic 

explanation. J Tumor 2016;4:419-25.

19. Schimdt RL, Hall BJ, Wilson AR, Layfield LJ. A 

systematic review and meta-analysis of the diag-

nostic accuracy of fine-needle aspiration cytol-

ogy for parotid gland lesions. Am J Clin Pathol 

2011;136:45-59.

20. Donovan DT, Conley JJ. Capsular significance in 

parotid tumor surgery: reality and myths of lateral 

lobectomy. Laryngoscope 1984;94:324–9.

21. Eveson JW, Cawson RA. Salivary gland tumours. 

A review of 2410 cases with particular reference 

to histological types, site, age and sex distribution. 

J Pathol 1985;146:51–8.

22. Ebbs SR, Webb AJ. Adenolymphoma of the parotid: 

aetiology, diagnosis and treatment. Br J Surg 

1986;73:627–30. 

23. Browne RF, Golding SJ, Watt-Smith SR. The role 

of MRI in facial swelling due to presumed salivary 

gland disease. Br J Radiol 2001;74:127–33. 

24. Yabuuchi H, Fukuya T, Tajima T, Hachitanda Y, 

Tomita K, Koga M. Salivary gland tumors: diag-

nostic value of gadolinium-enhanced dynamic 

MR imaging with histopathologic correlation. 

Radiology 2003;226:345–54. 

25. Ikeda M, Motoori K, Hanazawa T, Nagai Y, 

Yamamoto S, Ueda T, et al. Warthin Tumor of 

the Parotid Gland: Diagnostic Value of MR 

Imaging with Histopathologic Correlation. AJNR 

Am J Neuroradiol 2004;25:1256–62.

26. García-Pérez AI, López-Beltrán EA, Klüner P, 

Luque J, Ballesteros P, Cerdán S. Molecular crowd-

ing and viscosity as determinants of translational 

diffusion of metabolites in subcellular organelles. 

Arch Biochem Biophys 1999;362:329–38.

27. Donahue KM, Krouwer HG, Rand SD, Pathak AP, 

Marszalkowski CS, Censky SC, et al. Utility of si-

multaneously acquired gradient-echo and spin- 

echo cerebral blood volume and morphology 

maps in brain tumor patients. Magn Reson Med 

2000;43:845–53.

28. Uematsu H, Maeda M, Sadato N, Matsuda T, 

Ishimori Y, Koshimoto Y, et al. Blood volume 

of gliomas determined by double-echo dynamic 

perfusion-weighted MR imaging: A preliminary 

study. AJNR Am J Neuroradiol 2001;22:1915–9.


