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ORIGINAL RESEARCH
HEAD & NECK

Dynamic Contrast-Enhanced MRI to Differentiate Parotid
Neoplasms Using Golden-Angle Radial Sparse Parallel Imaging

X J.L. Mogen, X K.T. Block, X N.K. Bansal, X J.T. Patrie, X S. Mukherjee, X E. Zan, X M. Hagiwara, X G.M. Fatterpekar, and X S.H. Patel

ABSTRACT

BACKGROUND AND PURPOSE: Conventional imaging frequently shows overlapping features between benign and malignant parotid
neoplasms. We investigated dynamic contrast-enhanced MR imaging using golden-angle radial sparse parallel imaging in differentiating
parotid neoplasms.

MATERIALS AND METHODS: For this retrospective study, 41 consecutive parotid neoplasms were imaged with dynamic contrast-
enhanced MR imaging with golden-angle radial sparse parallel imaging using 1-mm in-plane resolution. The temporal resolution was 3.4
seconds for 78.2 seconds and 8.8 seconds for the remaining acquisition. Three readers retrospectively and independently created and
classified time-intensity curves as follows: 1) continuous wash-in; 2) rapid wash-in, subsequent plateau; and 3) rapid wash-in with washout.
Additionally, time-intensity curve– derived semiquantitative metrics normalized to the ipsilateral common carotid artery were recorded.
Diagnostic performance for the prediction of neoplasm type and malignancy was assessed. Subset multivariate analysis (n � 32) combined
semiquantitative time-intensity curve metrics with ADC values.

RESULTS: Independent time-intensity curve classification of the 41 neoplasms produced moderate-to-substantial interreader agreement
(� � 0.50 – 0.79). The time-intensity curve classification threshold of �2 predicted malignancy with a positive predictive value of 56.0%–
66.7%, and a negative predictive value of 92.0%–100%. The time-intensity curve classification threshold of �2 predicted pleomorphic
adenoma with a positive predictive value of 87.0%–95.0% and a negative predictive value of 76.0%–95.0%. For all readers, type 2 and 3
curves were associated with malignant neoplasms (P � .001), and type 1 curves, with pleomorphic adenomas (P � .001). Semiquantitative
analysis for malignancy prediction yielded an area under the receiver operating characteristic curve of 0.85 (95% CI, 0.73– 0.99). Combining
time-to-maximum and ADC predicts pleomorphic adenoma better than either metric alone (P � .001).

CONCLUSIONS: Golden-angle radial sparse parallel MR imaging allows high spatial and temporal resolution permeability characterization
of parotid neoplasms, with a high negative predictive value for malignancy prediction. Combining time-to-maximum and ADC improves
pleomorphic adenoma prediction compared with either metric alone.

ABBREVIATIONS: AUC � area under the curve; DCE � dynamic contrast-enhanced; GRASP � golden-angle radial sparse parallel; NPV � negative predictive value;
PPV � positive predictive value; ROC � receiver operating characteristic; SImax � maximum signal intensity; TIC � time-intensity curve; Tmax � time-to-maximum

Parotid neoplasms include a variety of benign and malignant

lesions.1 While most parotid neoplasms are benign pleomor-

phic adenomas and are often treated with superficial parotidec-

tomy (or in some instances, conservative monitoring), differenti-

ating such lesions from those considered at high risk for

malignancy can be useful for management because malignant pa-

rotid neoplasms are more typically scheduled for total parotidec-

tomy with possible facial nerve sacrifice.2-4 Clinical examination

and conventional MR imaging sequences demonstrate consider-

able overlap among various pathologic entities. Almost all parotid

neoplasms demonstrate contrast enhancement and intrinsically

low signal on T1WI.5 While features including irregular/infiltra-

tive margins, heterogeneous signal intensity, and low signal on

T2WI correlate with malignant pathology,2,5 the performance of
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conventional imaging reported in the literature has been variable.

One study evaluating 98 parotid neoplasms found that conven-

tional imaging was only 50% sensitive for the presence of malig-

nancy.6 Another study provided more encouraging results with a

specificity of 95% for pleomorphic adenoma based on a combi-

nation of conventional features, though only 21 of the 41 pleo-

morphic adenomas included in this study met the proposed cri-

teria and the overall diagnostic accuracy was 74.8%.7 Preoperative

biopsy represents a useful diagnostic tool for parotid masses.

However, potential limitations include seeding of adjacent tissues

after capsular violation, small tissue volumes for pathologic anal-

ysis, and procedural risks that include facial nerve injury, sialocele

formation, or fistula formation.2,8,9

Golden-angle radial sparse parallel (GRASP) MR imaging is a

3D gradient recalled-echo dynamic contrast-enhanced (DCE)

MR imaging technique using both compressed sensing and par-

allel imaging to accelerate data acquisition. GRASP MR imaging

uses a radial “spoke-wheel” method of k-space sampling in the xy

plane according to the golden-angle scheme and Cartesian sam-

pling in the z axis.10 Acquiring radial data according to the gold-

en-angle ordering scheme allows dynamic imaging data acquisi-

tion as a single continuous scan. Dynamic image reconstruction is

achieved by grouping the data into sequential timeframes at a

desired temporal resolution (as fast as 2.5 seconds per frame).

Iterative image reconstruction with temporal total-variation

constraint permits both high temporal and spatial resolution.

Thus, GRASP imaging provides both high-spatial-resolution

anatomic imaging of a desired imaging volume and also high-

temporal-resolution DCE-MR imaging data from the same im-

age acquisition. Prior work in abdominal, breast, and other

head and neck applications confirms the excellent image qual-

ity, improved fat suppression, and reduced motion and pulsa-

tion artifacts of GRASP-derived images compared with

conventional anatomic MR imaging techniques, with the ad-

ditional benefit of concurrently acquired DCE-MR imaging

data.11-17

The purpose of this study was to in-

vestigate the accuracy of qualitative

and semiquantitative metrics derived

from DCE-MR imaging using GRASP

imaging to differentiate parotid neo-

plasms. Unlike most prior studies, we

evaluated semiquantitative metrics

normalized for an internal normal ref-

erence standard, and we additionally

performed comprehensive assessment

of interreader reliability of qualitative

GRASP-derived DCE analysis, which

can be easily integrated into day-to-

day workflow. The novel ability of

GRASP to provide high-resolution an-

atomic imaging concurrently with

DCE-MR imaging gives a further ra-

tionale for investigating GRASP imag-

ing in this context. Finally, the added

value of DWI was assessed in a subset

cohort.

MATERIALS AND METHODS
Patient Selection
This retrospective study of patient data received New York Uni-

versity Langone Medical Center institutional review board ap-

proval, and the requirement for informed consent was waived.

Health Insurance Portability and Accountability Act– compliant

techniques for data management and analysis were used.

From July 2015 through August 2016, DCE-MR imaging using

the GRASP technique was performed on 52 consecutive parotid

lesions in 48 patients. The patient mean age was 59.8 years with a

range of 29 – 85 years. There were 16 men and 21 women. Eleven

patients with 11 parotid lesions were excluded due to the follow-

ing: a lack of a pathologic diagnosis (n � 9), nondiagnostic exam-

ination due to poor contrast bolus quality (n � 1), and a purely

cystic lesion (n � 1). A total of 41 parotid lesions in 37 patients

were ultimately included. In all cases, the final diagnosis was de-

termined on the basis of histopathologic analysis following surgi-

cal resection.

GRASP DCE-MR Imaging Technique
A detailed description of DCE-MR imaging based on the GRASP

technique has been published previously.10 In brief, the sequence

entails a continuous radial k-space acquisition according to the

golden-angle (111.25°) scheme to obtain a dynamic acquisition of

a desired length, during which a contrast agent is injected (Fig 1).

After data acquisition is complete, consecutive spokes are

grouped into discrete temporal frames. The number of spokes

combined into each frame can be chosen arbitrarily. For a low

number of spokes/frame (as needed to achieve high imaging

speed), the data are highly undersampled. Therefore, both parallel

imaging and compressed sensing are applied in the reconstruc-

tion process to obtain artifact-free dynamic images with both high

spatial and high temporal resolution (the compressed-sensing

implementation uses a temporal total variation constraint). The

reconstructed images were then analyzed as described below.

FIG 1. GRASP uses a continuous radial stack-of-stars acquisition of k-space during which the
contrast agent is injected (20-second injection delay). Due to use of the golden-angle ordering
scheme, an arbitrary number of consecutive frames can be combined into a single image frame
and a desired temporal resolution can be thus assigned. Because the k-space data for each frame
are highly undersampled, GRASP uses a compressed-sensing reconstruction with temporal total-
variation constraint. Additionally, by combining all acquired frames into a single image frame, one
can acquire high-resolution fat-suppressed T1-weighted anatomic images of the entire neck with
an excellent signal-to-noise ratio (Figs 2 and 5 for examples).
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Patients in this study were scanned on both 1.5T and 3T MR

imaging units. Dynamic imaging had 144 axial sections at a 2-mm

slice thickness. The FOV was 256 � 256 mm at a matrix size of 256 �

256, resulting in a 1-mm in-plane resolution. Anatomic coverage

comprised the whole neck from the superior orbit to sternal notch.

TR and TE were 4.3 and 2.1 ms, respectively, with a 12° flip angle.

Temporal resolution was 3.4 s/frame for the first 78.2 seconds and 8.8

s/frame through the remainder of the examination for a total dy-

namic acquisition of 240 seconds. A single dose of gadobutrol (0.1

mL/kg, Gadavist; Bayer Schering Pharma, Berlin, Germany) was ad-

ministered intravenously at a rate of 3 mL/s with an injection delay of

20 seconds relative to the start of the sequence.

Qualitative Time-Intensity Curve Classification
Three readers independently postprocessed and analyzed the

DCE-MR imaging data for all 41 parotid neoplasms using the soft-

ware Olea Sphere 3.0 (Olea Medical, La Ciotat, France). Reader A had

5 years of neuroradiology experience, reader B had 1 year of neuro-

radiology experience, and reader C was a radiology resident. The

readers were blind to the clinical history, pathologic diagnosis, and all

prior and subsequent imaging studies. Each reader was instructed to

manually create a single ROI that circumscribed the enhancing com-

ponent of the neoplasm on the axial image judged to contain the

largest enhancing area. Vessels and nonenhancing portions of the

lesions (eg, cystic components, centrally necrotic components) were

excluded from the ROI. Time-intensity curves (TICs) were created

from the assigned ROI, and each reader assigned to each TIC 1 of 3

curve classifications: 1) continuously rising, 2) initial rapid wash-in

with subsequent plateau, and 3) initial rapid wash-in with subse-

quent washout (Fig 2).

Semiquantitative TIC Analyses
Semiquantitative analysis was undertaken subsequent to the qual-

itative analysis by 2 of the readers (A and B) in consensus. At the

time of semiquantitative analysis, the 2 readers remained

blinded to the clinical history, pathologic diagnosis, and all

prior and subsequent imaging studies. An ROI was chosen

within the parotid neoplasm to create a TIC, as described

above. An additional ROI was chosen within the ipsilateral

common carotid artery to serve as an internal reference stan-

dard. The common carotid artery was chosen over the external

carotid artery or more distal branches due to improved inter-

and intraobserver reproducibility of the resulting TICs. TIC

metrics including time-to-maximum (Tmax), maximum sig-

nal intensity (SImax ), wash-in slope, washout slope, and area

under the curve were calculated for the parotid neoplasm and

normalized to (ie, divided by) values obtained from the ipsi-

lateral common carotid artery.

Diffusion-Weighted Imaging Data Collection
A DWI sequence was available in a 32-lesion (28 patient) subset of

those enrolled. DWI was performed using EPI with a TR and TE of

7500 and 87 ms, respectively. Matrix size was 128 � 128, slice

thickness/gap was 4.0/4.8 mm, and b-values of 0 and 1000 s/mm2

were obtained. Three gradient directions were used. An ROI was

assigned to match the ROI used in the semiquantitative TIC anal-

ysis. Mean ADC values were derived from the assigned ROI.

Statistical Methods
Categoric data were summarized by frequencies and percentages,

and continuous scaled data were summarized by the mean and SD

and the range of the empiric distribution.

Qualitative TIC Analysis. Interreader agreement with respect to

the TIC classification was evaluated via the unweighted � statistic.

Conventional receiver operating characteristic (ROC) analyses

were conducted per reader to determine the ROC associated with

malignant parotid neoplasm prediction and pleomorphic ade-

noma prediction as a function of TIC classification threshold.

These categories were chosen on the basis of the frequency of

pleomorphic adenoma relative to other parotid neoplasms and

the importance of determining the malignant status of a lesion

before any intervention. Bivariate associations between each read-

er’s qualitative TIC classifications and the lesion malignant pa-

rotid neoplasm status (yes, no) and the lesion pleomorphic ade-

noma status (yes, no) were evaluated via exact logistic regression.

The mid-P value method of Clopper and Pearson18 was used to

derive the P value of the exact test.

Semiquantitative TIC Analyses. Univariate and multivariate re-

lationships between the TIC-derived semiquantitative metrics

and the malignant parotid neoplasm status (yes, no) and the

pleomorphic adenoma status (yes, no) were evaluated via uni-

variate and multivariate logistic regression, respectively. Con-

ventional ROC analyses were conducted to determine the

operator characteristics associated with malignant parotid

neoplasms and pleomorphic adenoma prediction as a function

of the predicted probabilities derived from the TIC-derived

semiquantitative predictor-based logistic regression model.

Subset Analyses of ADC Values and Semiquantitative TIC-De-
rived Metrics. Using the subset data of the 32 parotid neoplasms

that underwent a DWI sequence, univariate and multivariate lo-

gistic regression analyses were performed to determine whether

the ADC values derived from DWI provide additional diagnostic

information that is not provided by the TIC-derived semiquanti-

tative metrics. Type III �2 tests were used to test whether the

addition of prediction information provided by ADC about ma-

lignant parotid neoplasm and pleomorphic adenoma is beyond

what would be expected by chance.

Statistical Software. The statistical software package SAS, Ver-

sion 9.4 (SAS Institute, Cary, North Carolina) was used to con-

duct the qualitative TIC analyses. The statistical software package

R, Version 3.4.2 (http://www.r-project.org) was used to conduct

the semiquantitative TIC analyses and the subset analysis.

RESULTS
The mean patient age was 59.8 � 14.2 years with a range of 29 – 85

years. There were 16 men (43.2%) and 21 women (56.8%). There

were 27 (65.9%) benign neoplasms (21 pleomorphic adenomas, 4

Warthin tumors, 2 oncocytomas) and 14 (34.1%) malignant neo-

plasms (2 acinic cell carcinomas, 4 squamous cell carcinomas, 2 ad-

enoid cystic carcinomas, 1 carcinoma ex pleomorphic adenoma, 2

mucoepidermoid carcinomas, 2 salivary duct carcinomas, and 1

spindle cell carcinoma). There was no statistically significant associ-

ation between patient age or sex and the pathologic diagnosis.
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Qualitative TIC Analysis
Interreader agreement for the TIC classifications of readers A and

B was substantial (� � 0.79; 95% CI, 0.63– 0.96) and moderate for

readers A and C (� � 0.54; 95% CI, 0.34 – 0.73) and readers B and

C (� � 0.50; 95% CI, 0.30 – 0.71).

After we combined TIC types 2 and 3, there was a significant

association between TIC types 2 and 3 and parotid malignancy for all

readers (P � .001 for all). At a TIC classification threshold of �1 (ie,

TIC types 2 and 3), the positive predictive value (PPV) for predicting

malignancy ranged from 56.0% to 66.7% among readers and the

negative predictive value (NPV) for predicting malignancy ranged

from 91.7% to 100%. Among malignant lesions, 92.9% of all reader

TIC assignments were type 2 or 3.
After we combined TIC types 2 and 3, there was a significant

association between TIC type 1 and pleomorphic adenoma for all
readers (P � .001 for all). At a TIC assignment threshold of �2 (ie,
TIC type 1), the PPV for predicting pleomorphic adenoma ranged
from 87.0% to 95.0% among readers, and the NPV for predicting

pleomorphic adenoma ranged from 76.0% to 95.0% among the

readers.

The associations between the TIC classification and parotid

malignancy and the TIC classification and pleomorphic adenoma

FIG 2. Examples of time-intensity curve morphology for each qualitatively applied category with representative axial contrast-enhanced
GRASP and axial T2WI demonstrating the lesions and ROIs used for TIC creation. A, Continuous rise in a patient with pleomorphic adenoma. B,
Rapid rise with a plateau in a patient with squamous cell carcinoma. C, Wash-in and washout in a patient with myoepithelial carcinoma of the
accessory parotid gland. Notice that the GRASP sequence permits high-temporal-resolution dynamic permeability characterization concurrent
with high-spatial-resolution fat-suppressed T1-weighted anatomic imaging in a single acquisition.
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are summarized in On-line Table 1. Complete summaries of the

ROC analyses are provided in On-line Table 2. Figure 2 shows

examples of 3 cases.

Among all reader TICs created for Warthin tumors and onco-

cytomas, 88.9% (n � 16) were assigned as type 2 or 3, and 11.1%

(n � 2), as type 1.

Semiquantitative TIC Analyses
Univariate logistic regression analyses that examined the bivariate

associations between parotid malignancy and the TIC semiquantita-

tive metrics (normalized to the ipsilateral common carotid artery)

revealed that Tmax (OR, 7.14; 95% CI, 1.73–29.30; P � .007) and

wash-in slope (OR, 2.63; 95% CI, 1.07–6.46; P � .034) were signifi-

cantly associated with parotid malignancy. On the basis of type III �2

tests, a multivariate logistic regression analysis identified Tmax (P �

.018), area under the curve (AUC) (P � .030), washout slope (P �

.031), and SImax (P � .048) as unique predictors of parotid malig-

nancy. ROC curves and diagnostic characteristics for discrimination

between nonmalignant and malignant parotid neoplasms based on

Tmax, AUC, washout slope, and SImax are shown in Fig 3 (and

On-line Table 3). The area under the curve for empiric and paramet-

ric ROC curves was 0.85 (95% CI, 0.73–0.99) and 0.84 (95% CI,

0.67–0.94), respectively.

Univariate logistic regression analysis that examined the

bivariate associations between pleomorphic adenoma and TIC

semiquantitative metrics (normalized to the ipsilateral com-

mon carotid artery) revealed that Tmax (OR, 27.38; 95% CI,

4.48 –167.18; P � .001) and wash-in slope (OR, 3.03; 95% CI,

1.13– 8.16; P � .028) were significantly associated with pre-

dicting pleomorphic adenoma. On the basis of type III �2 tests,

a multivariate logistic regression analysis identified Tmax (P �

.024) as the only unique predictor of pleomorphic adenoma.

ROC curves and diagnostic characteristics for discrimination

of nonpleomorphic adenoma and pleomorphic adenoma

based on Tmax are shown in Fig 4 (and On-line Table 4). The

area under the curve for empiric and parametric ROC curves

was 0.87 (95% CI, 0.73– 0.95) and 0.86 (95% CI, 0.73– 0.95),

respectively.

Subset Analyses of ADC Values and Semiquantitative
TIC-Derived Metrics
A subset of 32 parotid neoplasms underwent a DWI sequence.

The odds ratio for the association between ADC and malignancy

was 102.39 (95% CI, 2.38 – 4402.38; P � .016). The odds ratio for

the association between ADC and pleomorphic adenoma was

71.95 (95% CI, 4.74 –1091.38; P � .002).

For the determination of parotid malignancy, a logistic regres-

sion model combining Tmax, AUC, washout slope, and SImax

with ADC could not be created because the covariance matrix of

this model is singular. For the determination of parotid malig-

nancy, a logistic regression model that includes both Tmax and

ADC is superior to a model based on Tmax alone (�2 statistic,

11.39; P � .001), but not superior to a model containing ADC

alone (�2 statistic, 0.04; P � .846).

For the determination of pleomorphic adenoma, a logistic

regression model that includes both Tmax and ADC is superior

FIG 3. Empiric and binormal parametric ROC curves for discrimination of malignant and nonmalignant parotid neoplasms based on Tmax, AUC,
washout slope, and SImax.

AJNR Am J Neuroradiol ●:● ● 2019 www.ajnr.org 5



to both a model containing Tmax alone (�2 statistic, 13.94; P �

.001) and a model containing ADC alone (�2statistic, 12.53;

P � .001).

Figure 5 shows sample cases incorporating GRASP-derived

DCE data and ADC data. All raw data from qualitative and semi-

quantitative analyses are provided in On-line Table 5.

DISCUSSION
Our results highlight the technical advantages of GRASP, a se-

quence that concurrently obtains high spatial resolution and fat-

suppressed anatomic imaging of the entire neck as well as perme-

ability information for noninvasive functional characterization of

parotid neoplasia. We were able to document the independent

processing and interpretation of DCE-MR imaging data in pa-

rotid neoplasms by multiple readers, which is a helpful step in

attempting to generalize the application of DCE-MR imaging be-

yond the research setting. To our knowledge, only 1 prior study

has evaluated interreader reliability (with 2 readers) for DCE-MR

imaging analysis in parotid neoplasms.1

The results of our semiquantitative analysis are consistent with

previous studies, specifically the findings that pleomorphic ade-

nomas are associated with a relatively long Tmax, while malignant

lesions are associated with a shorter Tmax.1,2,6,8 Multiple Tmax

threshold values are reported in the literature for the prediction of

pleomorphic adenoma or malignancy, possibly due to differences

in the DCE technique, which limits direct comparison of values

across studies. Similar to prior analyses, we found that relying on

this 1 parameter for the prediction of specific histologic diagnoses

was limited, primarily due to the overlapping TIC features of

Warthin tumors and oncocytomas with those of malignant le-

sions. The most useful way to apply permeability data in clinical

practice appears to relate to its high negative predictive value for

malignancy. Namely, parotid neoplasms with a long Tmax are

unlikely to represent malignant neoplasms. Moreover, our mul-

tivariate analysis showed that AUC, washout slope, and SImax

were also unique predictors of parotid malignancy. Finally, all of

our semiquantitative metrics were normalized to an anatomic

reference (common carotid artery). Most prior studies did not

normalize their data in this fashion. Reference tissue normaliza-

tion is important because it provides a method to correct for the

numerous sources of variability across different patients and

scanners.1,2,6,8,19,20,22-24

Most interesting, our subset analysis incorporating ADC val-

ues showed that a multivariate model combining ADC values

with Tmax showed a significantly improved performance for the

prediction of pleomorphic adenoma compared with either pa-

rameter alone. With respect to malignancy characterization, pre-

vious studies have shown that the combined information of neo-

vascularization (shorter Tmax) and higher cellularity (lower

ADC) may help to identify parotid malignancies as distinct from

benign neoplasms.20,21 While our results did show that ADC

combined with Tmax outperformed Tmax alone when predicting

malignancy, our analysis here was limited because we were not

able to combine ADC with the full logistic regression model that

included Tmax, AUC, washout slope, and SImax.

FIG 4. Empiric and binormal parametric ROC curves for discrimination between pleomorphic adenomas and nonpleomorphic adenomas based
on Tmax.
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While several of our results support the results of prior

literature, the GRASP technique has several key features that

represent an improvement over techniques used in prior stud-

ies of DCE-MR imaging in parotid neoplasia. Uniquely,

GRASP simultaneously provides high-spatial-resolution ana-

tomic T1-weighted images of large anatomic coverage (eg, entire

neck) with dynamic high-temporal-resolution permeability im-

aging of the entire imaging volume. GRASP uses a continuous

radial stack-of-stars acquisition of k-space, and an arbitrary num-

ber of consecutive radial spokes can be combined into a single

image frame to create DCE imaging of a desired temporal resolu-

tion. Additionally, by combining all spokes into a single image

frame, one can create high-resolution fat-suppressed anatomic

images of the entire neck with an excellent signal-to-noise ratio.

Thus, GRASP can be routinely integrated into a parotid gland

imaging protocol as a diagnostic anatomic sequence without us-

ing examination time solely to obtain permeability information.

Although some authors have performed DCE-MR imaging at a

similar temporal resolution, the techniques used in those studies

were often limited to either a single slice or a smaller portion of the

volume of interest at a lower spatial resolution.6,22,23 Because

GRASP acquires high-temporal-resolution permeability imaging

for entire neck coverage, it has an added benefit of ensuring that a

useful reference standard (such as the common carotid artery) is

included in the imaging volume for normalizing imaging metrics.

It also removes the possibility of inadvertently excluding portions

of parotid neoplasms when selecting the imaging subvolume for

DCE acquisition. Finally, a distinct advantage to radial k-space

sampling is its substantially reduced sensitivity to motion arti-

facts. In fact, none of the cases in our study required exclusion due

to motion artifacts.10-12

One limitation of our study is our cohort size (n � 41), and we

specifically note here the important 2016 study by Yuan et al,25

which included DCE imaging in a large cohort of parotid neo-

plasms. However, despite our smaller patient cohort, we believe

our study remains of interest, predominantly due to the applica-

tion of the GRASP imaging technique as discussed above. Specif-

ically, our GRASP technique enabled entire neck coverage with

2-mm slice thickness (compared with 5 mm in the Yuan study)

despite a similar reported temporal resolution. Moreover, Yuan et

al did not normalize their DCE metrics using an anatomic refer-

ence as we did. Aside from such technical differences, we per-

formed a comprehensive assessment of interreader reliability for

independently processing and categorizing the parotid lesion TIC

using DCE-MR imaging, whereas Yuan et al used a consensus

reading.

Additional limitations of our study include its retrospective

design. We undertook qualitative and semiquantitative methods

of analysis rather than “quantitative” analysis using baseline T1-

mapping that allows determination of parameters such as the vol-

ume transfer constant between the extravascular extracellular

space and plasma or extravascular extracellular space volume per

tissue volume.26 However, such quantitative techniques are

themselves limited by the application of various physiologic as-

sumptions across different patients. We included MR imaging

examinations from both 1.5T and 3T scanners and acknowledge

that different scanners might yield differing DCE data. Finally, the

FIG 5. Representative examples of TICs, ADC maps, contrast-enhanced GRASP, and T2WI. A, Acinic cell carcinoma, displaying a type 2/3 curve
TIC and a relatively low ADC of 926, which both favor a malignant neoplasm. B, Warthin tumor, displaying a characteristic type 3 TIC in
combination with a relatively elevated ADC of 1616. The oncocytomas in our cohort had a similar combination of TIC and ADC features, whereas
nearly all pleomorphic adenomas had type 1 TICs in combination with relatively elevated ADC values.
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GRASP sequence is currently limited to a single vendor and thus

not yet available to all MR imaging sites for routine clinical use.

CONCLUSIONS
GRASP-derived DCE-MR imaging for parotid neoplasms intro-

duces several technical advantages, including the ability to create

high-temporal-resolution dynamic data for permeability assess-

ment concurrent with high-spatial-resolution, large-anatomic-

coverage, diagnostic imaging of the whole neck. GRASP-derived

DCE-MR imaging achieves a high NPV when determining the

presence of parotid malignancy and excellent diagnostic perfor-

mance in predicting pleomorphic adenomas.
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