
UC Irvine
UC Irvine Previously Published Works

Title
Feasibility and Diagnostic Performance of Voxelwise Computed Diffusion‐Weighted Imaging 
in Breast Cancer

Permalink
https://escholarship.org/uc/item/4zx9j91n

Journal
Journal of Magnetic Resonance Imaging, 49(6)

ISSN
1053-1807

Authors
Zhou, Jiejie
Chen, Endong
Xu, Huazhi
et al.

Publication Date
2019-06-01

DOI
10.1002/jmri.26533
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4zx9j91n
https://escholarship.org/uc/item/4zx9j91n#author
https://escholarship.org
http://www.cdlib.org/


Feasibility and Diagnostic Performance of Voxelwise Computed 
Diffusion-Weighted Imaging in Breast Cancer

Jiejie Zhou, MD#1, Endong Chen, MD#2, Huazhi Xu, MD1, Qiong Ye, PhD1, Jiance Li, MD1, 
Shuxin Ye, MS1, Qinyuan Cheng, MS1, Liang Zhao, MD1, Min-ying Su, PhD3,*, Meihao Wang, 
PhD, MD1,*

1Department of Radiology, First Affiliated Hospital of Wenzhou Medical University, P.R. China;

2Department of Thyroid and Breast Surgery, First Affiliated Hospital of Wenzhou Medical 
University, P.R. China;

3Tu & Yuen Center for Functional Onco-Imaging, Department of Radiological Sciences, University 
of California, Irvine, California, USA

# These authors contributed equally to this work.

Abstract

Background: Conventional diffusion-weighted imaging (DWI) with high b-values may improve 

lesion conspicuity, but with a low signal intensity and thus a low signal-to-noise ratio (SNR). The 

voxelwise computed DWI (vcDWI) may generate high-quality images with a strong lesion signal 

and low background.

Purpose: To evaluate the feasibility and diagnostic performance of vcDWI.

Study Type: Retrospective.

Population: In all, 67 patients with 72 lesions, 33 malignant and 39 benign.

Field Strength/Sequence: 3T, including T2/T1, DWI with two b-values, and dynamic contrast-

enhanced MRI (DCE-MRI).

Assessment: Computed DWI (cDWI) with high b-values of 1500, 2000, 2500 s/mm2 

(cDWI1500, cDWI2000, cDWI2500) and vcDWI were generated from measured DWI (mDWI). The 

mDWI, cDWIs and vcDWI were evaluated by three readers independently to determine lesion 

conspicuity, background signal suppression, overall image quality using 1–5 rating scales, as well 

as to give BI-RADS scores. The mean apparent diffusion coefficient (ADC) value for each lesion 

was measured.

Statistical Tests: Agreement among the three readers was evaluated by the intraclass correlation 

coefficient. Receiver operating characteristic (ROC) analysis was performed to compare the 
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diagnostic performance based on reading of mDWI, cDWIs, vcDWI, and the measured ADC 

values.

Results: vcDWI provided the best lesion conspicuity compared with mDWI and cDWIs (P < 

0.005). For overall image quality, vcDWI was significantly better than cDWI (P < 0.005), but not 

significantly better compared with mDWI for two readers (P = 0.037 and P = 0.013) and 

significantly worse for the third reader (P < 0.005). Background signal suppression was the best on 

cDWI2500, and better on vcDWI than on mDWI, cDWI1500, and cDWI2000. The AUC value for 

differential diagnosis was 0.868 for mDWI, 0.862 for cDWI1500, 0.781 for cDWI2000, 0.704 for 

cDWI2500, 0.946 for vcDWI, 0.704 for ADC value, and 0.961 for DCE-MRI.

Data Conclusion: vcDWI was implemented without increasing scanning time, and it provided 

excellent lesion conspicuity for detection of breast lesions and assisted in differentiating malignant 

from benign breast lesions.

MULTIPARAMETRIC MAGNETIC RESONANCE IMAGING (mpMRI) provides 

comprehensive information, which can be used to characterize lesions for detection and 

diagnosis of breast cancer as well as for evaluation of response to neoadjuvant 

chemotherapy.1–4 Diffusion-weighted imaging (DWI) shows information on microscopic 

motion of water molecules in vivo, and thus can be used to assess the cellular structure of 

tissue.5 Malignant cancer usually manifests hyperintensity signal because of restricted 

diffusion in a high cellular density microenviroment.6,7 Contrast between cancerous tissue 

(more diffusion-restricted) and normal tissue (less diffusion-restricted) is related to 

diffusion-sensitizing gradients described as the b-value.8 Conventional DWI of breast is 

obtained with b-value of 600–1000 s/mm2, which is not high enough to optimize contrast 

between breast lesion and background tissue. DWI with a higher b-value is reported to 

improve tumor conspicuity by suppressing the signal of normal background tissue.6 

Although DWI with higher b-value is practically obtainable, it needs larger diffusion-

sensitizing gradients and longer echo time, which may result in susceptibility artifact and 

severe eddy current distortions, as well as low signal-to-noise ratio (SNR).9,10

Computed DWI (cDWI) is a mathematical computation method that generates higher b-

value DWIs from images acquired with lower b-values.10 It was reported that cDWI could 

obtain good image quality and a high contrast-to-noise ratio (CNR) by suppressing 

background signal and, thus, might increase lesion conspicuity.11–14 In the detection of 

breast cancer, it has been shown that cDWI with a higher b-value has the potential to 

improve diagnostic sensitivity.15 However, as b-value increases, the signal intensity 

decreases in all tissues. More recently, a new method for enhancing contrast between tissues 

with low and high apparent diffusion coefficients (ADCs), termed voxelwise-computed 

diffusion imaging (vcDWI), was proposed.16 This method used different b-value signal 

intensity according to different ADCs of tissues, so that the signal intensity of background 

tissue can be suppressed while preserving that of the lesion. Gatidis et al16 performed 

phantom studies to evaluate the method. The results showed that ADC-dependent vcDWI 

remarkably increased the contrast, CNR, and SNR of images by effectively reducing T2 

shine-through effects. It seemed to provide a feasible method for clinical diagnosis, but the 

patient dataset was quite small in that study.
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The purpose of the present study was to assess the clinical application of vcDWI in the 

diagnosis of breast cancer. We hypothesized that vcDWI could effectively suppress the 

signal of normal breast fibroglandular tissue and increase lesion conspicuity, and thus may 

be used to improve the diagnostic performance in the differentiation of benign and malignant 

lesions compared with conventional DWI and cDWI.

Materials and Methods

Patients

In a retrospective review of patients receiving breast MRI for diagnosis without prior biopsy 

or any treatment, a total of 87 patients were identified. Twenty patients were excluded due to 

artifact on DWI images (n = 15), and undetectable lesion on DWI (n = 5, including one 

ductal cancerous in situ [DCIS], one fat necrosis with foreign body granulomatous 

inflammation, one adenomyoepithelial adenosis, and two adenosis). The remaining 67 

patients formed the study group. A total of 72 lesions (33 malignant and 39 benign) were 

con-firmed based on pathological results. Three patients had separately confirmed benign 

and malignant lesions, and two patients had two confirmed benign lesions. Thirty-three 

malignant lesions were found in 33 patients (age range, 25–70 years; mean age ± SD,48.6 

± 10.5 years) including: eight DCIS, 21 invasive ductal carcinomas (IDC), two invasive 

lobular carcinomas (ILC), one mucinous carcinomas, and one medullary carcinoma. Thirty-

nine benign lesions were found in 37 patients (age rang, 17–76 years; mean age ± SD, 43.0 

± 10.7 years), including seven fibroadenomas, 19 adenosis (four with fibroadenomas and 

one with papilloma), eight mastitis (three acute infectious mastitis and five granulomatous 

mastitis), four papillomas, and one hamartoma. The mean malignant lesion size was 22.3 

mm (range, 6.1–121.3 mm; median, 17.0 mm); and the mean benign lesion size was 23.9 

mm (range, 4.3–124.2 mm; median, 11.6 mm). This was a retrospective study approved by 

the hospital Ethics committee and written informed consent was waived.

MRI Protocol

All patients underwent MRI on a 3T scanner (GE SIGNA HDx) using an 8-channel breast 

coil. For premenopausal women, the examination was performed within the 7th–14th day of 

the menstrual cycle. The protocol consisted of T2-weighted imaging (T2WI) with fat 

suppression (repetition time [TR] 8200 msec; echo time [TE] 36 msec; flip angle [FA] 90°; 

slice thickness/gap 4.0/1.0 mm; field of view [FOV] 32 × 32 cm2; matrix size 128 × 128), 

T1-weighted imaging (T1WI) with dual-echo chemical-shift imaging (TR 380 msec; TE 2 

msec; FA 90°; slice thickness/gap 4.0/1.0 mm; FOV 32 × 32 cm2; matrix size 128 × 128). 

Axial DWI was performed using a single-shot echo-planar imaging (EPI) sequence of 2 

minutes and 57 seconds (TR 5300 msec; TE 60 msec; FA 90°; slice thickness/gap 4.0/1.0 

mm; FOV 32 × 32 cm2; matrix size 128 × 128; two b-values: 0/600 (n = 10), 0/800 (n = 2) 

or 0/1000 (n = 55) s/mm2; spectral adiabatic inversion recovery [SPAIR] fat suppression). 

The TE was kept at 60 msec for all three pairs of b-values, which was chosen to be as short 

as possible to improve SNR, and kept the same to minimize its impact affecting the image 

quality and the reading. The dynamic contrast-enhanced (DCE) scan was acquired by 

volume imaging for breast assessment (VIBRANT) (TR 5 msec; TE 2 msec; FA 10°; slice 

thickness 1.2 mm; FOV 34 × 34 cm2; matrix size 416 × 416). The contrast agent, 0.1 
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mmol/kg gadopantatedimeglumine (Magnevist; Bayer Schering Pharma, Berlin, Germany), 

was intravenously injected. The DCE series consisted of six phases: one before and five after 

contrast injection. The total scanning time for one patient was 18 minutes and 32 seconds.

Computed DWI and Voxelwise-Computed DWI

CDWI METHOD.—cDWI is a synthetic image generated by a mathematical computational 

method. The ADC map and the series of cDWI with different b-values (b = 1500, 2000, and 

2500 s/mm2) were generated using a program written in MatLab (2015b, MathWorks, 

Natick, MA). With a known ADC and signal intensity S0 at b = 0, the cDWI signal intensity 

can be computed based on the following equation10:

Sb = S0 ⋅ exp [ − (b1 − b0) × ADC] = S0 ⋅ exp [ − b1 × ADC]

where S0 is the signal intensity without diffusion-weighting (b0 = 0 s/mm2), Sb is the signal 

intensity with diffusion-weighting, b1 = 1500, 2000, and 2500 s/mm2 for cDWI; and ADC is 

the apparent diffusion coefficient (mm2/s).

VCDWI METHOD.—Different tissues have different diffusion characteristics with different 

ADC values. In vcDWI, it calculates signal intensities of voxels with low ADCs at lower β 
and voxels with high ADC at higher β, which could preserve SNR and enhance the contrast 

between tissues with different diffusion restrictions. Signal intensity Sβ of voxel position x 

can be calculated16:

Sβ = S0(x) ⋅ exp [ − (β(x) − b0) × ADC(x)]

The determination of β(x) on the voxel ADC values is based on a linear function:

β(x) = k ⋅ ADC(x)with k = 106s2/mm4

With b0 = 0 s/mm2 the signal intensity Sβ of voxel position x is calculated using the 

following function:

Sβ = S0(x) ⋅ exp [ − k ⋅ ADC(x)2]with k = 106s2/mm4

where ADC varies as the corresponding voxel position x, and S0 is the signal intensity with 

b-value of 0 s/mm2.

QUALITATIVE EVALUATION OF CDWI AND VCDWI.—All DWI image sets were 

imported to a personal computer for evaluation using ImageJ (NIH, Bethesda, MD). First, a 

radiologist (L.J.C., with 30 years’ experience) read each DWI image set and recorded 

suspicious lesions. Then DCE-MRI, surgery record, and pathological report (on hospital 

system computer) were used as the reference to carefully check the lesion location by the 

same radiologist. Suspicious lesions shown on DWIs but not on DCE-MRI or pathological 
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result were excluded. Another three radiologists (X.H.Z., W.M.H., and M.H.W., with 15, 18, 

and 5 years’ experience, respectively), all blinded to histopathological results and clinical 

diagnosis, reviewed and scored the DWI images, independently, according to the specified 

lesion location recorded by Reader L.J.C. Sample images with the rating scale from 1–5 for 

lesion conspicuity, background signal suppression, and overall image quality were prepared 

and shown to the readers for training before they started to perform the rating. These sample 

images were not from the datasets that were analyzed in this study. Three readers (X.H.Z., 

W.M.H., and M.H.W.) reviewed five sets of images (mDWI, cDWI1500, cDWI2000, 

cDWI2500, and vcDWI) in a random order without labeling, and scored images with respect 

to lesion conspicuity, background signal suppression, and overall image quality using a 5-

point rating scale. The lesion conspicuity ranged from 1 (lesion with faint contrast to 

background tissue) to 5 (lesion with extremely remarkable contrast to background tissue); 

background signal suppression ranged from 1–5 according to different signal intensity of 

normal fibroglandular tissue; overall image quality ranged from 1 (poor) to 5 (excellent). A 

diagnostic BI-RADS score was given for each lesion based on the signal intensity and 

morphology of the lesion: 1, negative; 2, benign finding; 3, probably benign; 4, suspicious 

abnormality; 5, highly suspicious for malignancy. All images were reviewed with the same 

window level/window width (WL/WW) settings (150/600). In order to ensure totally 

independent reading, the time interval for reviewing these five sets of DWI was at least 1 

week between scoring sessions. At the end of the image evaluations, two radiologists 

(Readers X.H.Z. and W.M.H.) reviewed the DCE-MRI images together and gave a 

consensus diagnostic impression of benign vs. malignant for each lesion, and the results 

were used for evaluation of the DCE-MRI accuracy. Also, they reviewed their respective 

DWI diagnostic BI-RADS scores, and reached a consensus impression of benign vs. 

malignant for each lesion.

Statistical Analysis

Data analysis was performed with SPSS 16.0 (Chicago, IL). P < 0.05 was considered 

statistically significant. Agreement between the three readers was evaluated by intraclass 

correlation coefficient (ICC)17: ICC < 0.4 = poor agreement; 0.40–0.59 = fair agreement; 

0.60–0.74 = good agreement; 0.75–1.00 = excellent agreement. A post-hoc pairwise 

comparison was performed using the Wilcoxon signed-rank test with Bonferroni correction 

between five sets of DWIs with an adjusted P < 0.005 as significant. The receiver operating 

characteristic (ROC) curve was used to evaluate the diagnostic performance based on the BI-

RADS scores and the ADC values, and the areas under ROC curves (AUC) were calculated. 

A post-hoc pairwise comparison was performed using the Wilcoxon signed-rank test with 

Bonferroni correction among six sets of DWIs, DCE-MRI, and ADC with an adjusted P < 

0.003 as significant.

Results

Image Rating and Interobserver Agreement

The average rating scores for lesion conspicuity, background signal suppression, and overall 

image quality are summarized in Table 1. ICC showed excellent interobserver agreements 

between three readers for lesion conspicuity (ICC = 0.84, 95% confidence interval [CI] 
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0.818–0.868), overall image quality (ICC = 0.83, 95% CI 0.797–0.852), and very good 

interobserver agreements for background signal suppression (ICC = 0.94, 95% CI 0.930–

0.950). For lesion conspicuity and overall image quality, three readers gave higher scores for 

vcDWI compared with the series of cDWI (P < 0.005). Compared with mDWI, vcDWI was 

scored significantly higher in lesion conspicuity and background signal suppression (P < 

0.005) by three readers, but not in overall image quality (P = 0.037 for Reader X.H.Z., P = 

0.013 for Reader W.M.H.). Reader M.H.W. gave significantly higher overall image quality 

scores for mDWI than vcDWI (P < 0.005). Background signal suppression was scored the 

highest on cDWI2500 followed by vcDWI, cDWI2000, cDWI1500, and mDWI. A case 

example of cDWIs, vcDWI, mDWI, and DCE-MRI from a malignant lesion is illustrated in 

Fig. 1, and that of a benign lesion is illustrated in Fig. 2.

Diagnostic Performance

The mean ADC value for benign lesions and malignant lesions was (1.52 ± 0.23) × 10−3 

mm2/s (standard deviation) and (1.13 ± 0.14) × 10−3 mm2/s, respectively. ROC curves based 

on BI-RADS reading of different sets of DWI, ADC value, and DCE-MRI were generated to 

evaluate diagnostic performance. The results are summarized in Table 2 and Fig. 3. The 

AUC value for differential diagnosis was 0.868 for mDWI, 0.862 for cDWI1500, 0.781 for 

cDWI2000, 0.605 for cDWI2500, 0.946 for vcDWI, 0.704 for ADC value, and 0.961 for DCE-

MRI. The DCE-MRI demonstrated the best diagnostic accuracy. By using the optimal cutoff 

value, vcDWI showed 90.91% sensitivity and 89.74% specificity, and mDWI showed 

93.94% sensitivity and 64.10% specificity.

In pairwise comparison of ROC curves, vcDWI showed significantly higher diagnostic 

efficacy compared with cDWI1500, cDWI2000, and ADC (P < 0.003), but no significant 

difference was found between vcDWI and mDWI (P = 0.0036).

Discussion

Our results demonstrated that vcDWI could provide prominent lesion conspicuity by 

effectively suppressing background fibroglandular tissue; thus, it might assist in detection of 

the suspicious lesion. Although DCE-MRI is known to be the most accurate method for 

detecting and characterizing breast lesions,18,19 vcDWI may provide an effective 

noncontrast method and has the diagnostic potential for patients having a contraindication 

for injection of gadolinium contrast agents.

Normal breast fibroglandular tissue shows high signal intensity on DWI with a low b-value, 

and low signal intensity on DWI with a high b-value.6 In conventional DWI with b-values of 

600–1000 s/mm2, the background fibroglandular tissue could not be suppressed completely 

and resulted in indistinctive contrast between lesion and normal tissues. On the other hand, 

acquiring DWI with higher b-values also has various problems, particularly SNR, and is not 

able to detect lesions reliably for further characterization. In order to resolve these problems, 

the artificially synthesized higher b-value DWI has been studied recently.10–12,20 O’Flynn et 

al investigated 27 patients with breast cancer and 34 normal cases, showing cDWI with 

higher b-values resulted in higher sensitivity than mDWI with lower b-value.15
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For vcDWI, Gatidis et al performed phantom studies and clinical data analysis of patients 

with metastatic malignancies and showed that vcDWI could effectively reduce T2 shine-

through effects, and thus improve CNR and SNR of image and improve lesion detection.16 

Our results also supported that vcDWI enhanced the visual contrast between lesion and 

background tissue by effectively suppressing background fibroglandular tissue, making it 

easier to detect lesions. Another prominent improvement in vcDWI was to provide a better 

lesion conspicuity, which could be used to evaluate the lesion morphology and assess its 

probability of malignancy. As in the case example illustrated in the figures, the contrast 

between malignant and benign tissue was highlighted and the outline of a lesion was sharper 

on vcDWI. In turn, vcDWI could achieve both high diagnostic sensitivity (90.91%) and 

specificity (87.84%). In contrast, although mDWI has a better overall image quality and 

could achieve a high sensitivity of 93.94%, the specificity was only64.10%. One possible 

explanation was that it is difficult for conventional DWI to provide precise morphological 

features of lesions.21 Compared with cDWI with high b-values, vcDWI also had superior 

diagnostic performance to differentiate benign from malignant lesions.

DCE-MRI is the standard method to detect and diagnose breast cancer on MRI, which has 

been shown to have a high sensitivity but with variable specificity, ranging from 37% to 

96%.22–24 There are substantial overlaps in enhancement characteristics of malignant and 

benign lesions. The enhancement kinetic curve measured by DCE-MRI reveals vascular 

volume and permeability of lesions; on the other hand, DWI reveals the cellular density, 

membrane integrity, and microstructure of lesions; thus, they provide distinct and 

complementary information for characterization of breast lesions. The information derived 

from mpMRI from all sequences is more comprehensive than that from any sequence alone. 

In recent years, with the concern of toxicity associated with the injection of gadolinium 

contrast agents in the brain and kidney, DWI may provide an alternative non-contrast 

method, particularly for patients who cannot undergo contrast-enhanced MRI. It is worth 

mentioning that vcDWI is a method that can be implemented without increasing scanning 

time. It could be a practical functional MRI tool that allows quick lesion detection and 

qualitative evaluation. In addition to diagnosis of suspicious lesions, the higher b-value DWI 

was also recommended to be added for the screening population, to heighten lesion visibility 

and lower the false-positive rate.6

In the present study the fat suppression for DWI was done by using SPAIR, and the 

suppression quality was pretty good, as shown in the figures. The comparison between two 

commonly used techniques for breast DWI, SPAIR, and STIR, on fat-suppression 

uniformity, SNR, CNR, image quality, lesion visibility, and ADC values, have been reported 

before.25,26 It was found that STIR could achieve a better uniformity compared with SPAIR, 

but SPAIR had slightly improved lesion visibility. Their SNR and CNR, and also the overall 

diagnostic performance, were comparable; thus, it was concluded that both techniques were 

suitable for use in clinical practice.

There were several limitations in our study. First, it was a retrospective study, and the 

number of patients was quite small. A larger study is needed to confirm the diagnostic value 

of vcDWI. Second, mDWIs with high b-values of 1500, 2000, and 2500 mm2/s were not 

acquired; thus, the comparison on image quality and lesion conspicuity could only be done 
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by using synthetic images. Third, image quality of vcDWI was dependent on ADC values, 

which was in turn influenced by b-values that were used in the DWI acquisition. During the 

study period we were tuning the sequence and used different b-values, including 0/600, 

0/800, and 0/1000 s/mm2, which might affect the measured ADC values and the diagnostic 

evaluation based on mDWI. Fourth, we excluded five cases with isointensity or 

hypointensity lesions on measured DWI, which would affect the evaluated diagnostic 

performance. Fifth, quantitative evaluation used in the present study was a subjective 

method, which was dependent on the individual experiences of radiologists. To minimize the 

variation, all three radiologists participating in the reading study went through the same 

training, which helped to reach a good interobserver agreement.

In conclusion, we have shown that ADC-dependent vcDWI is a feasible technique for 

diagnosis of breast cancer on MRI. It could provide high lesion conspicuity through effective 

reduction of the T2 shine-through effect and background tissue suppression, and could 

improve the diagnostic performance compared with mDWI and cDWI. Although DCE-MRI 

is the most important and accurate method for breast cancer diagnosis, for patients having a 

contraindication or concern about the side effects of contrast agent injection, vcDWI could 

provide an alternative method to assist in detection and characterization of breast lesions.
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FIGURE 1: 
A 34-year-old woman with DCIS in left breast. cDWI (A–C), vcDWI (D,G), mDWI with b-

value of 1000 s/mm2 (E,H), DCEMRI (F), and ADC (I) are shown. G,H are magnified 

views. As b-value increases, the signal intensity of background fibroglandular tissue 

decreases, as well as that of cancer tissue. The signal intensity of cancer on vcDWI is 

preserved well with background suppression, and the lesion is more conspicuous and sharper 

on vcDWI than on cDWIs and mDWI, which allows the lesion to be more easily detected 

and characterized. The diagnostic BI-RADS scores given by Reader X.H.Z. and Reader 

W.M.H. were 5, 5, respectively, which correctly diagnose the lesion as malignant.

Zhou et al. Page 10

J Magn Reson Imaging. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 2: 
A 43-year-old woman with a microabscess in the right breast. cDWI (A–C), vcDWI (D,G), 

mDWI with b-value of 1000 s/mm2 (E,H), DCE-MRI (F) and ADC (I) are shown. G,H are 

magnified views. The microabscess demonstrates extreme hyperintensity on vcDWI, much 

more conspicuous with more distinct margin than on other DWIs. The diagnostic BI-RADS 

scores given by Reader X.H.Z. and Reader W.M.H. were 2, 2, respectively, which correctly 

diagnosed the lesion as benign.

Zhou et al. Page 11

J Magn Reson Imaging. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 3: 
Diagnostic ROC curves based on different DWIs, ADC, and DCE-MRI to differentiate 

between benign and malignant lesions.

Zhou et al. Page 12

J Magn Reson Imaging. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zhou et al. Page 13

TA
B

L
E

 1
.

M
ea

n 
R

ea
di

ng
 S

co
re

s 
fo

r 
L

es
io

n 
C

on
sp

ic
ui

ty
, B

ac
kg

ro
un

d 
Si

gn
al

 S
up

pr
es

si
on

, a
nd

 O
ve

ra
ll 

Im
ag

e 
Q

ua
lit

y

D
W

I
m

D
W

I
cD

W
I1

50
0

cD
W

I2
00

0
cD

W
I2

50
0

vc
D

W
I

L
es

io
n 

co
ns

pi
cu

ity
R

ea
de

r 
1

3.
79

 ±
 0

.6
0

2.
97

 ±
 0

.7
7

2.
44

 ±
 0

.7
7

1.
56

 ±
 0

.5
8

4.
36

 ±
 0

.7
6

R
ea

de
r 

2
3.

81
 ±

 0
.7

2
3.

10
 ±

 0
.6

7
2.

28
 ±

 0
.7

4
1.

32
 ±

 0
.5

8
4.

53
 ±

 0
.8

0

R
ea

de
r 

3
4.

29
 ±

 0
.8

8
3.

08
 ±

 0
.4

4
2.

03
 +

 0
.2

4
1.

06
 ±

 0
.2

9
4.

67
 ±

 0
.6

7

B
ac

kg
ro

un
d 

si
gn

al
 s

up
pr

es
si

on
R

ea
de

r 
1

1.
03

 ±
 0

.1
7

2.
08

 ±
 0

.2
8

3.
39

 ±
 0

.4
9

5 
+

 0
3.

67
 +

 0
.4

7

R
ea

de
r 

2
1 

±
 0

2.
07

 ±
 0

.2
6

3.
35

 ±
 0

.4
8

5 
±

 0
3.

65
 ±

 0
.4

8

R
ea

de
r 

3
1 

±
 0

2.
13

 ±
 0

.3
3

3.
32

 ±
 0

.4
7

5 
±

 0
3.

58
 ±

 0
.6

7

O
ve

ra
ll 

im
ag

e 
qu

al
ity

R
ea

de
r 

1
4.

21
 ±

 0
.8

2
3.

07
 ±

 0
.6

8
2.

28
 ±

 0
.7

2
1.

43
 ±

 0
.6

0
3.

95
 ±

 0
.5

9

R
ea

de
r 

2
4.

26
 ±

 0
.7

1
3.

31
 ±

 0
.6

4
2.

31
 ±

 0
.6

8
1.

51
 ±

 0
.6

7
4.

02
 ±

 0
.6

3

R
ea

de
r 

3
4.

74
 ±

 0
.4

4
3.

29
 ±

 0
.4

6
2.

06
 ±

 0
.2

6
1.

08
 ±

 0
.3

3
4.

02
 ±

 0
.5

3

J Magn Reson Imaging. Author manuscript; available in PMC 2020 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zhou et al. Page 14

TA
B

L
E

 2
.

D
ia

gn
os

tic
 P

er
fo

rm
an

ce
 f

or
 D

if
fe

re
nt

 D
W

Is
, A

D
C

, a
nd

 D
C

E
-M

R
I

Im
ag

e 
se

t
A

U
C

95
%

 C
I

Y
ou

de
n 

in
de

x 
J

Se
ns

it
iv

it
y

Sp
ec

if
ic

it
y

P
 v

al
ue

vc
D

W
I

0.
94

6
0.

89
6 

to
 0

.9
77

0.
80

65
90

.9
1

89
.7

4
—

m
D

W
I

0.
86

8
0.

80
2 

to
 0

.9
19

0.
58

04
93

.9
4

64
.1

0
0.

00
36

cD
W

I 1
50

0
0.

86
2

0.
79

5 
to

 0
.9

14
0.

55
13

83
.3

3
71

.7
9

0.
00

24

cD
W

I 2
00

0
0.

78
1

0.
70

4 
to

 0
.8

45
0.

43
01

71
.2

1
71

.7
9

<
0.

00
01

A
D

C
0.

70
4

0.
58

4 
to

 0
.8

05
0.

39
39

72
.7

3
66

.6
7

<
0.

00
01

D
C

E
-M

R
I

0.
96

1
0.

91
5 

to
 0

.9
86

0.
89

04
95

.4
5

93
.5

9
0.

59
03

P 
va

lu
es

 in
di

ca
te

 c
om

pa
ri

so
n 

be
tw

ee
n 

vc
D

W
I 

an
d 

m
D

W
I,

 c
D

W
I,

 A
D

C
, D

C
E

-M
R

I.

P 
<

 0
.0

03
 is

 c
on

si
de

re
d 

st
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

.

J Magn Reson Imaging. Author manuscript; available in PMC 2020 June 01.


	Abstract
	Materials and Methods
	Patients
	MRI Protocol
	Computed DWI and Voxelwise-Computed DWI
	CDWI METHOD.
	VCDWI METHOD.
	QUALITATIVE EVALUATION OF CDWI AND VCDWI.

	Statistical Analysis

	Results
	Image Rating and Interobserver Agreement
	Diagnostic Performance

	Discussion
	References
	FIGURE 1:
	FIGURE 2:
	FIGURE 3:
	TABLE 1.
	TABLE 2.



