
Med. J. Cairo Univ., Vol. 89, No. 6, December: 2357-2368, 2021  
www.medicaljournalofcairouniversity.net  

Role of Diffusion Weighted MRI in Diagnosis of Breast Masses  

(BIRADS III and BIRADS IV)  

MOUNIR S. GUIRGUIS, M.D.; ALI H.A. NOUR EL DEEN, M.D. and  

SHIMAA MAGHAWRY EL SAYED, M.Sc.  

The Department of Radiodiagnosis, Faculty of Medicine, Ain Shams University  

Abstract  

Background:  The majority of the lesions that occur in the  
breast are benign, benign lesions of the breast are more  

frequent than malignant ones. It is important to recognize  

benign lesions and distinguish them from breast cancer. Breast  
cancer is most prevalent and is the leading cause of cancer  
related deaths among women worldwide.  

Aim of the Study:  To investigate the role of MR diffusion  
– weighted images as a complementary tool in evaluation of  

probably benign (BI-RADS-3) and suspicious (BI-RADS-4)  

breast lesions and its contribution to patient management.  

Patients and Methods:  The current study included 30  
patients with BIRADS3 and 4 breast lesions detected by breast  

ultrasound and mammography; their mean age was 41 years  
(±8.42) (age range, 30-70 years). All patients presented with  

a breast lump, four patients presented with inflammatory  
manifestations (red with hot tender swollen breast). The study  
was conducted in Ain Shams University Hospital during the  
period from December 2019 to March 2021. Cases were  
referred from General Surgery Departments in Ain Shams  

University Hospital. The patients underwent full history taking  

and clinical examination followed by ultrasound and mam-
mographic examination, those patients cases categorized on  

ultrasound and mammographic as BI-RADS 3 and 4 were  
selected for DCE-MRI examination.  

Results:  In this study, it was found that for mass lesions  
type I curve was found in 10 pathologically proven benign  
lesions, type III curve was found in 11 pathologically proven  

malignant lesions compared to 2 pathologically proven benign  

lesions, and type II curve was present in 1 benign lesion  

compared to 8 malignant lesions. Our findings for mass lesions  
showed that malignancies exhibit lower mean ADC values  

compared with benign lesions. In our study we calculated the  
ADC value with high b-values (600 and 1500) to avoid the  
signal attenuation caused by perfusion effects at low b-values.  

Conclusion:  Use of DWI as a diagnostic tool can increase  
the specificity of breast MR imaging and can reduce the  

number of false-positive results and associated unnecessary  
biopsies. In addition, DWI can be performed without signif-
icantly increasing examination time.  
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Introduction  

THE  majority of the lesions that occur in the breast  
are benign, benign lesions of the breast are more  

frequent than malignant ones. It is important to  

recognize benign lesions and distinguish them from  

breast cancer [1] .  

Breast cancer is the most common cancer diag-
nosed and is the second leading cause of death [2] ,  
breast cancer is now a significant cause of world-
wide morbidity and mortality. Further, the increas-
ing rate of breast cancer continues to be a major  

area of concern for both clinicians and researchers.  

Increased awareness in the affected population  

leads to more frequent physical examinations and  

diagnostic imaging procedures which results in  

earlier diagnosis and hence improved prognosis  
[3] .  

Nowadays sonomammography still represents  

the primary imaging modality utilized for breast  

cancer screening and diagnosis [4] . Mammography  
has been proven to detect breast cancer at an early  

stage; other screening technologies also may con-
tribute to the earlier detection of breast cancer,  

particularly in women under the age of 40 years  
for whom mammography is less sensitive such as  

breast ultrasound or MRI [5] .  

Breast ultrasound examination has been used  

for years as an adjunct to mammography for eval-
uating palpable or mammographically detected  
breast masses to determine if a lesion represents  

a cyst or a solid mass [6] .  

The Breast Imaging Reporting and Data System  

(BI-RADS) lexicon was developed by the American  

Collage of Radiology (ACR) to standardize mam- 
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mographic reporting. The lexicon includes terms  
describing breast parenchymal pattern, features of  

masses and calcifications. It increases clarity of  
reporting, improved communication and facilitates  
research across different institutions [7] .  

The lexicon defines assessment categories to  
describe the radiologist's level of suspicion regard-
ing the mammographic findings. BI-RADS-3 is a  
probably benign finding with short term follow-
up is recommended, while BI-RADS-4 is a suspi-
cious finding and biopsy should be considered [7] .  

Short term follow-up for a probably benign  
lesion (BI-RADS-3) has several advantages over  

biopsy. It is non-invasive, less expensive and it  
causes less anxiety to the patient. Subsequent  

malignancy is found in 0.2-2% of probably benign  

lesions [8] .  

Breast MRI has become an important tool for  
breast cancer detection and characterization. Con-
trast enhanced MRI (CE-MRI) is currently the  

most sensitive detection technique for diagnosis  

of breast cancer [2] , dynamic contrast-enhanced  
MRI is highly sensitive for breast cancer, allowing  
detection of malignancy that is occult on physical  
examination, mammography, and sonography [9] .  

Typical breast MRI exams involve a contrast-
enhanced scan to highlight tissue with increased  
vascularity, very sensitive for detecting malignan-
cies but also producing many false-positives [10] .  

Diffusion Weighted imaging provides micro-
structural informtions regarding the diffusion of  
the water molecules in the tissue cellularity and  

tissue structure by using the quantitative analysis  

with the apparent diffusion coefficient (ADC)  

values [11] .  

Diffusion imaging (DI) is a different type of  

MRI that measures the mobility of water in tissue.  

Diffusion imaging is sensitive to characteristics  

often disrupted in malignant breast tissues, such  

as cell organization, density, extracellular space,  

and cell membrane permeability, which may help  

to better discriminate between different types of  

breast lesions [10] .  

Using Diffusion-weighted imaging (DWI) com-
bined to MRI is helpful to distinguish malignant  
versus benign breast lesions and it also may reduce  
the number of unnecessary breast biopsies [12] .  

Aim of the work:  

To investigate the role of MR diffusion - weight-
ed images as a complementary tool in evaluation  
of probably benign (BI-RADS-3) and suspicious  

(BI-RADS-4) breast lesions and its contribution  

to patient management.  

Patients and Methods  

This study is a prospective descriptive study  

that included 30 patients with BIRADS3 and 4  

breast lesions detected by breast ultrasound and  

mammography; their mean age was 41 years  

(±8.42) (age range, 30-70 years). All patients  
presented with breast lump, four patients presented  

by inflammatory manifestations (red hot tender  

swollen breast).  

The study was conducted in Ain Shams Univer-
sity Hospital during the period from December  
2019 to March 2021. Cases were referred from  
General Surgery Departments in Ain Shams Uni-
versity Hospital. The patients underwent full history  
taking and clinical examination, ultrasound and  
mammographic examination, those patients cases  

categorized on ultrasound and mammographic as  
BI-RADS 3 and 4 were selected for DCE-MRI  

examination.  

Ethical considerations:  

-  Obtaining an informed consent.  
-  Risks and complications: MRI scans are consid-

ered to be a safe procedure. Side effects or reac-
tions are uncommon but may occur. The most  

common adverse reactions are brief headache,  

nausea and dizziness for a brief time following  
the contrast injection. Anaphylactic reactions to  
gadolinium contrast medium (CM) but they are  
extremely rare if concomitant contrast enhanced  
MRI is executed.  

-  Treatment in cases of risks and complications:  

Bed rest after the procedure for management of  

headache and nausea, analgesia.  

Inclusion criteria:  The criteria for selecting a  
patient in the current study are presence of: Inci-
dental breast mass discovered in MRI breast pro-
tocol, previously diagnosed indeterminate breast  

mass via another radiological investigation whether  

mammography and ultrasound, breast lump that is  
evident clinically with or without breast pain/  

discharge/nipple abnormalities or skin discolora-
tion, only female patients will be included, no age  

predilection.  

Exclusion criteria:  
-  Breast biopsy or neo adjuvant chemotherapy  

before MRI.  
-  Lesions with a diameter <1 cm because of limited  

capability of recognizing smaller lesions in the  
ADC maps.  
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-  Claustrophobia.  
-  Metallic implants, cardiac pace maker, aneurysmal  

clipping.  

Ultrasound was performed for all patients. The  

study was conducted on device high frequency  
probe (5 to 7.5MHZ), scanning was done in all  
planes (radial, antiradial, longitudinal and trans-
verse). Ultrasound and mammographic examina-
tions were analyzed regarding the presence of  

masses, masses were evaluated regardinging: Their  
shape, orientation, margins, echopattern (hypoe-
choic, isoechoic, mixed echogenicity, and hypere-
choic), and presence or absence of acoustic shad-
owing or enhancement. Classification of breast  

lesions was based on the Breast Imaging Reporting  
and Data System (BI-RADS). Then all patients  

with BIRADS 3 and 4 were referred for further  

DCE-MRI and DWI examination.  

Image post processing on the workstation:  
Diffusion maps were formed. A noise-level  

threshold of 200 was applied to mask the b=0  
s/mm2  images before forming diffusion maps. ADC  
maps were obtained from the diffusion weighted  

images by  
1 SDWI 

ADC = – –– 1n –––––– ( ) 
b S

o  

where SDWI  is the combined DWI (geometric  
average of individual b=300, 600 or 1500 s/mm2 

 

diffusion-weighted images), and S0 is the b=0  
s/mm2  reference image. An ROI was defined for  
each DCE-MRI-detected lesion at the correspond-
ing location on the combined DWI (S DWI) series.  
The mean ADC of the voxels in the ROI was  

calculated for each lesion. Quantitative analysis  
was done by placing the ROI at the most enhanced  
part within the lesion result in automatically created  

time/signal intensity curve.  

MRI image interpretation:  
Subtraction images were first examined to detect  

the presence or absence of lesion enhancement. In  
case of lesion enhancement the corresponding non  

subtracted pre-contrast and post contrast images  

in each time point was viewed together and lesions  

interpretation took place whether it a focus, mass  
or non mass like enhancement.  

In case of mass enhancement evaluation was  

carried out as follow: its shape (regular or irregular),  
its border (well defined, ill defined, speculated),  
pattern of enhancement (homogenous, heterogene-
ous or ring enhancement), dynamic behavior of  

the mass with evaluation of the % of enhancement  

as well as the shape of time/signal intensity curve  

(type I, type II or type III) was studied, in case of  

non mass like enhancement, its distribution and  
enhancement pattern were evaluated. Diffusion - 
weighted images and ADC maps are then examined  
regarding the signal intensity and the mean ADC  

of each lesion. MRI BIRADS classification was  

applied for each lesion based on the combination  

of morphologic and kinetic criteria described by  
Kuhl [13] . Findings were correlated with histopatho-
logical result.  

Data analysis:  
Data were statistically described in terms of  

range, mean ±  standard deviation ( ±  SD), frequen-
cies (number of cases) and percentages when ap-
propriate. Accuracy was represented using the  

terms sensitivity and specificity. All statistical  

calculations were done using computer programs  
Microsoft Excel 2003 (Microsoft Corporation, NY,  

and USA) and SPSS (Statistical Package for the  

Social Science; SPSS Inc., Chicago, IL, USA)  

version 15 for Microsoft Windows.  

Results  

The present study included 30 female patients,  
their ages ranging from 30 to 70 years with mean  
age of 41.47 ±8.42, 13 lesions were benign and 17  
lesions were malignant (Table 1).  

Table (1): Shows the mean and standard deviation of the  

patient's age.  

Total no. = 30  

Age (years):  
Mean ±  SD 41.47±8.42  
Range 30-70  

The present study included 30 patients, their  

ages ranging from 30 to 70 years with mean age  

of 41.47±8.42, 13 lesions were benign and 17  
lesions were malignant (Table 2).  

Table (2): Shows the mean, standard deviation and range of  

the patient's age in benign and malignant breast  
lesions.  

Age (years)  
Benign  

No. = 13  
Malignant  
No. = 17  

Test  
value  

p - 
value  Sig.  

      

Mean ±  SD 
 

38.08±5.09 
 

44.06±9.62  –2.030•  0.052 
 

NS  
Range 35-54 30-70  

p-value >0.05: Non significant.  p-value <0.01: Highly significant.  
p-value <0.05: Significant. •: Independent t-test.  

Ultrasound and mammography were the first  
examination performed for all patients for evalua-
tion of the breast lesions, two patients were clas- 



Table (5): Shows the breast lesions which were associated  

with secondary sign and microcalcification or not.  

Ultrasound  
characteristics and  
mammography  

2ry sign:  
No 11 (84.6%) 

 

14 (82.4%) 
 

0.842* 
 

0.657 
 

NS  
Edema 2 (15.4%) 

 

2 (11.8%)  
Nipple retraction 

 

0 (0.0%) 1 (5.9%)  

Ca:  
No 13 (100.0%) 

 

15 (88.2%) 
 

1.639* 
 

0.201 
 

NS  
Micro-calcification 

 
0 (0.0%) 2 (11.8%)  

Table (6): Shows the ultrasound and mammography BIRADS  
classification of the breast lesions in comparison  
to the histopathology.  

Ultrasound  
characteristics and  
mammography  

BIRADS:  

III 11 (84.6%) 
 

3 (17.6%) 
 

13.274* 
 

0.000 
 

HS  
IV 2 (15.4%) 

 

14 (82.4%)  

p-value >0.05: Non significant.  
p-value <0.05: Significant.  

p-value <0.01: Highly significant.  
*: Chi-square test.  

All patients were referred for MRI examination,  
the detected breast lesions were classified according  
to MRI scoring system based on combination of  
morphological and kinetic criteria.  

There were 2 breast lesions exhibits washout  
curve pattern, 1 breast lesions shows plateu curve  
pattern and 10 breast lesions show rising curve  

pattern.  

There were 28 breast lesions presented mass  
enhancement and 2 breast lesions presented as no  

mass enhancement. One of them presents hetero-
geneous enhancement and the other presents het-
erogenous with peripheral enhancement (Table 7).  

Table (7): Table shows the signal intensity pattern of enhance- 
ment and time/signal intensity curve.  

Curve:  
Washout  
Plateu  
Rising  

Pattern of  
enhancement:  

Homogenous  
Heterogenous  
Marginal  
Peripheral  
Heterogenous +  

2 (15.4%)  
1 (7.7%)  
10 (76.9%)  

7 (53.8%)  
0 (0.0%)  
4 (30.8%)  
1 (7.7%)  
1 (7.7%)  

9 (52.9%)  
8 (47.1%)  
0 (0.0%)  

10 (58.8%)  
4 (23.5%)  
2 (11.8%)  
1 (5.9%)  
0 (0.0%)  

19.716*  

5.765*  

0.000  

0.217  

HS  

NS  

peripheral (non mass)  

Histopathology  

Sig.  
p- 

value  
Test  

value  Benign  
No.=13  

Malignant  
No.=17  

Histopathology  

Sig.  
p- 

value  
Test  

value  Benign  
No.=13  

Malignant  
No.=17  

Histopathology  

Sig.  MRI  Test  
value  

p- 
value  Benign  

No.=13  
Malignant  

No.=17  
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sified only by US and MRI examinations because  
they were young.  

The US and mammography characteristics of  

the breast lesions in relation to the histopathology  
results are shown in Tables (3,4).  

Table (3): Shows the site and size of the breast lesions in  
correlation with the histopathology results.  

Ultrasound  
characteristics and  
mammography  

Histopathology  
Test  

value  
p - 

value  Benign  
No.=13  

Malignant  
No.=17  

Site:  

Right  5 (38.5%)  7 (41.2%)  0.023 *  0.880  

Left  8 (61.5%)  10 (58.8%)  

Size (cm):  

Mean ±  SD  1.96±0.80  1.99±0.98  –0.080•  0.937  

Range  0.5-3  0.8-5  

Table (4): Shows the echogenicity, shape, margin and density  

of the breast lesions in correlation with the histopa-
thology results.  

Ultrasound  Histopathology  
Test  

value  
p-

Sig.  value  characteristics and  
mammography  

Benign Malignant  
No.=13 No.=17  

Echogenicity:  
Hypoechoic 7 (53.8%) 7 (53.8%)  9.808*  0.020  S  
Isoechoic 2 (15.4%) 2 (15.4%)  
Mixed echogenicity 3 (23.1%) 3 (23.1%)  
Heterogenous 1 (7.7%) 1 (7.7%)  

Shape and margin:  
Rounded 3 (23.1%) 3 (23.1%)  0.151 *  0.698  NS  
Oval 7 (53.8%) 7 (53.8%)  11.940*  0.001  HS  
Ill defined lesion 0 
with Irregular  
margin  

(0.0%) 0 (0.0%)  4.588*  0.032  S  

Ill defined lesion 0 (0.0%) 0 (0.0%)  4.588*  0.032  S  
with speculated 2 
margin  

(15.4%) 2 (15.4%)  0.739*  0.390  NS  

Oval with macro- 1 
lobulated margin  

(7.7%) 1 (7.7%)  0.039*  0.843  NS  

Ill defined lump  

Density:  
Hyper dense 8 (66.7%) 8 (66.7%)  4.952*  0.084  NS  
Hypo and hyper 3 
density  

(25.0%) 3 (25.0%)  

ISO dense 1 (8.3%) 1 (8.3%)  

p-value >0.05: Non significant. *: Chi-square test.  
p-value <0.05: Significant. •: Independent t-test.  
p-value <0.01: Highly significant.  

There were 4 breast lesions associated with  
edema and one breast lesion associated with nipple  
retraction, 25 breast lesions were not associated  

with secondary sign.  

There were 2 breast lesions associated with  
microcalcification (Tables 5,6).  

Sig.  

NS  

NS  



ADC value  
(X10 -3  mm 2/sec):  

Mean ±  SD  
Range  

5.532  0.000  HS  1.31 ±0.38  
0.8-2.2  

0.72±0.19  
0.4-0.9  

DWI:  
RD  
Facilatated  

8 (61.5%)  17 (100.0%)  
0 (0.0%)  

7.846*  0.005  HS  
5 (38.5%)  

DWI  
Benign  
No.=13  

Malignant  
No.=17  

Test  
value  

p- 
value  

Sig.  

Histopathology  

p-value >0.05: Non significant.  p-value <0.01: Highly significant.  

r  p-value  

Age (years)  
Size (cm)  

0.008  
0.368  

–0.476**  
–0.170  

p-value >0.05: Non significant.  
p-value <0.05: Significant.  

p-value <0.01: Highly significant.  
Spearman correlation coefficient.  

0.000  HS  22.760*  
BIRADS:  

II  
III  
IV  
V  

2 (15.4%)  
9 (69.2%)  
2 (15.4%)  
0 (0.0%)  

0 (0.0%)  
0 (0.0%)  
16 (94.1%)  
1 (5.9%)  

Histopathology  

Sig.  MRI  Test  
value  

p - 
value  Benign  

No.=13  
Malignant  

No.=17  

p-value <0.05: Significant. *: Chi-square test. •: Independent t-test.  

There was statistically significant difference  

between ADC values regarding age of the patients  

while there was non statistically significant differ-
ence regarding the size of the lesions (Table 10).  

Table (10): Correlation between age and size of the breast  

lesions to the ADC values.  

ADC value (x10 -3  mm2/sec)  

There were 24 hypoechoic lesions with ADC  

values range (0.4-1.6) (x10 -3  mm2/sec), 2 isoechoic  
lesions with ADC values range (0.4-1.4) (x10 -3 

 

mm2/sec), 3 mixed echogencity with ADC values  
range (0.9-0.9) (x10 -3  mm2/sec) and 1 hetergenous  
echogenicity with ADC values range (2.2-2.2)  

(Table 11).  

Echogenicity:  
Hypoechoic  
Isoechoic  
Mixed echogenicity  
Heterogenous  

6.233••  0.4-1.6  
1.4-1.4  
0.9-0.9  
2.2-2.2  

0.002  HS  0.9±0.35  
1.4±0  
0.9±0  
2.2±0  

Range  Mean ±  SD  

ADC value  
(x10-3  mm2/sec)  Sig.  

p- 
value  

Test  
value  

ADC value  
(x10-3  mm2/sec)  

Mean ±  SD  Range  

Sig.  
p- 

value  
Test  

value  

Range  Mean ±  SD  

4.020•  0.000  HS  0.9-2.2  
0.4-1.6  

BIRADS:  

III  
IV  

1.24±0.37  
0.75±0.29  

Histopathology:  
Benign  
Malignant  

5.532•  0.000  HS  0.8-2.2  
0.4-0.9  

1.31 ±0.38  
0.72±0.19  

ADC value  
(x10-3  mm2/sec)  Sig.  

p - 
value  

Test  
value  
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The diffusion criteria of the breast lesions were  

assessed and ADC value are measured by means  
of computer manipulated region of interest (ROI)  

for the breast lesions (Tables 8-15).  

Table (8): Shows the characteristics of the breast lesions on  
DW images as well as the mean, range and standard  
deviation of the ADC values in benign and malig-
nant breast lesions.  

Table (9): Shows the MRI BIRADS classification of the breast  

lesions in correlation with histopathology.  

Table (11): Shows the echogenicity of the breast lesions in  

relation to the ADC values.  

There were 8 rounded lesions with ADC values  
range 0.8-2.2 and 7 oval lesions with ADC values  
range 0.9-1.5 and 5 ill defined lesions with irregular  

margins with ADC values range 0.8-0.8 and 5 ill  
defined lesions with speculated margins with ADC  

values range 0.4-0.8, 3 oval with macro-lobulated  
margins with ADC values range 0.8-1.4 and 1 ill  
defined lump with ADC values range 0.8-0.8 (x  
10-3  mm2/sec) (Table 12).  

Table (12): Shows the shape and margin of breast lesion in  

relation to the ADC values.  

Shape and margin:  
Rounded  
Oval  
Ill defined lesion  
with Irregular margin  

Ill defined lesion  
with speculated margin  

Oval with macro-
lobulated margin  

Ill defined lump  

1.19±0.51  
1.17±0.27  
0.8±0  

0.48±0.18  

1.2±0.35  

0.8±0  

0.8-2.2  
0.9-1.5  
0.8-0.8  

0.4-0.8  

0.8-1.4  

0.8-0.8  

4.188••  0.008  HS  

There were breast lesions (BIRADS III) with  

ADC values range 0.9-2.2 and breast lesions (BI-
RADS IV) with ADV values range 0.4-1.6 (x10

–3 
 

mm2/sec) (Table 13).  

Table (13): Shows the ultrasound and mammographic BIRADS  
classification of the breast lesions in relation to  

the ADC values and histopathology.  

p-value >0.05: Non significant. • : Independent t-test.  
p-value <0.05: Significant. ••: One way ANOVA test.  
p-value <0.01: Highly significant.  



Range  
Test  

value  
Sig.  

p - 
value  

10.027••  HS  0.000  0.9-0.9  
0.9-2.2  
0.4-1.6  
0.8-0.8  

BIRADS:  

II  
III  
IV  

Range  

HS  V  

HS  5.532•  0.8-2.2  0.000  
0.4-0.9  

Histopathology:  
Benign  
Malignant  

ADC value  
(x10-3  mm2/sec)  

Mean ±  SD  

Curve:  

Washout  

Plateu  

Rising  

0.8±0.14  

0.76±0.37  

1.37±0.36  

0.4-0.9  

0.4-1.6  

0.9-2.2  

12.669••  0.000  

Mean ±  SD  

0.9±0  
1.42±0.34  
0.77±0.28  
0.8±0  

1.31 ±0.38  
0.72±0.19  

(C)  

Fig. (1A): Thirty six years old female patient presented by  

right breast hard mass. Mammography showing  

left breast speculated dense lesion.  

(D)  
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The examined breast lesions display, washout,  

platue and rising curve pattern (Tables 14,15).  

Table (14): Shows the type of time/signal intensity in relation  

to the ADC values.  

Table (15): Shows the ADC values of the breast lesions in  

relation to the MRI BIRADS classification and  

histopathology  

ADC value  
(x10-3  mm2/sec)  Test  

value  
p- 

value  
Sig.  

Sono -mammographic BIRADS classification: BIRADS 4  

Fig. (1B): Complementary ultrasound showing left breast  
heterogenous hypoechoic lesion with multiple  
specules and surrounded by echogenic halo.  

Fig. (1C,D): MRI axial images show right upper inner spec-
ulated mass with low signal in T1 and T2.  



(E) (F)  

Current dynamic  
Reference dynamic  
Reference time  
L2  

(H) (I)  
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%
 

120  

100  

40  

20  

60  

80  

0  

(G)  

0.0 1.0 2.0 3.0 4.0 5.0 6.0  
min  

Fig. (1E,F,G): MRI Sagittal and Axial (A) Dynamic THRIVE sequence. Right breast upper inner quadrant speculated  
lesion with homogenous contrast enhancement. (B) Time/signal intensity analysis of ROI. The mass  

shows plateu curve pattern (Type II) with SI % of 130%.  

Fig. (1H,I): Post processing ADC map and diffusion sequence showing restricted diffusion of the right breast speculated mass.  

ADC map b 500, ADC value for ROI was 0.4 x 10 -3  mm2/s.  

Dynamic MRI BI-RADS classification: BI-RADS IV.  
Pathology: Invasive duct carcinoma.  
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Discussion  

Breast cancer is the most common cancer in  
women [14] . Early diagnosis of breast cancer is  
important to improve prognosis. Its early detection  
via mammographic screening programs is the most  

effective approach available for reducing associated  

mortality [15] .  

Mammography and ultrasonography (US) are  

the primary imaging techniques for diagnosing  

breast cancer, followed by biopsy if a lesion is  

suspected of malignancy. Conventional imaging,  

however, suffers from limitations in the ability to  
detect cancer. The frequency of false-negative  

results at mammography is estimated to be 5-15%  
[16] .  

The sensitivity of mammography to detect  
breast cancer decreases in women with dense breast.  

This disadvantage of mammography has become  

more important in the recent years which have  
witnessed a substantial increase in the incidence  
of malignancy in the young women [15] .  

The overlap in the mammographic appearance  

and physical examination findings of benign and  
malignant lesions results in a relatively high number  
of benign breast biopsies, the problem of false  

positive mammographic findings results in unnec-
essary patient anxiety and morbidity related to  
biopsy [17] .  

Ultrasound has historical role as an adjunct  

modality to mammography in differentiating cystic  
from solid lesions has been widely expanded. US  

guided sampling procedures represent widely ac-
cepted modality in lesion evaluation. Preoperative  
localization under US guidance is one of the meth-
ods of choice for non palpable solid lesions. How-
ever, the main limitation of US its operator depend-
ent nature [18] .  

Dynamic contrast-enhanced (DCE) MRI of the  

breast has been reported to improve detectability  
of cancer in many studies. The sensitivity is low  
for mammography, ultrasound or a combination  

of both compared with MRI [13] .  

Dynamic contrast-enhanced MRI of the breast  
has a high sensitivity for breast cancer detection  

and has recently been shown to be the most sensi-
tive breast screening technique. DCE-MRI is also  
more accurate than mammography or ultrasound  

for the delineation of the extent of disease in  

patients with a recent diagnosis of cancer [10] .  

Moreover, DCE-MRI is much more expensive  

than other techniques and it cannot be used for  

patients who are contraindicated for contrast agent  

(e.g. patients with renal dysfunction or previous  

reactions to contrast agents) [19] .  

Techniques to improve the specificity of breast  
MRI could reduce unnecessary biopsies and thus  

improve the overall accuracy of this highly sensitive  

tool for detecting breast cancer [10] .  

Diffusion weighted MR imaging (DWI) has  

been reported to demonstrate usefulness in differ-
entiating benign from malignant breast lesions [19] .  

Adding an ADC threshold to the breast MRI  
assessment increased the PPV over DCE-MRI  

alone and would have prevented biopsy for many  

benign lesions. This improvement in PPV by DWI  

was not found to be limited by lesion type or size  
[10] .  

In addition, using DWI and ADC values are  
reportedly useful in differentiating benign from  
malignant breast lesions and in the detection of  
breast cancer without administration of contrast  

medium. Hence, DWI could be a promising tool  
in screening for breast cancer without using contrast  

medium, especially for patients with renal dysfunc-
tion or previous reactions to contrast agents and  
will relieve the cost of examination [19] .  

This study was conducted on 30 patients with  

30 breast lesions to evaluate the role of DWI as  

an adjunct to DCE-MRI in the probably benign  
and suspicious breast lesions after mammographic  

or ultrasonographic examinations.  

Mammographic and US evaluation of the le-
sions was based on Breast Imaging Reporting and  

Data System (BI-RADS) with classification of  

these lesions into BI-RADS 3 and BI-RADS 4  
which were our main concern in this study and  

were encountered in 13 and 17 lesions respectively,  
based on histopathology.  

Dynamic contrast-enhanced MRI of the breast  
is increasingly used as an important tool for de-
tecting breast cancer in high risk groups with  

sensitivity as high as 91-100% [20] . The high sen-
sitivity results primarily from the differential en-
hancement between normal and malignant tissue  
on T1-weighted imaging [10] .  

However, the specificity of breast DCE-MRI  
may be as low as 37 up to 97% [19] . This wide  
range of values is reflective of multiple factors  

including differences in magnetic field strength;  
imaging parameters; patient selection criteria; and  

perhaps most important, histologic variability of  

benign and malignant lesions. Contrast enhance- 
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ment has been seen not only in cancer, but also in  
fibroadenomas, fibrocystic changes, mastitis, atyp-
ical hyperplasia and lobular neoplasia [20] .  

In our study, the sensitivity and specificity of  
DCE-MRI examination was 82.3% and 92.3%  
respectively, this was based on the combination of  
morphologic and kinetic criteria described by Kuhl  
[13] .  

There were three lesions that assigned by son-
omammography as probably malignant (BIRADS  

3); it is up and downgraded by DCI-MRI and DWI  

to BIRADS 4, 2 and 4.  

In mass lesions, the margin and shape analysis  

should be performed on first post contrast image  

to avoid wash out and progressive enhancement  
of the surrounding breast tissue [21] .  

In our study, ill defined and spiculated margin  
in 11 mass lesions were found, all proved to be  
malignant. There were 17 well defined mass le-
sions, 13 of them were benign and 4 lesions were  
malignant.  

This is comparable with Machida et al., [22]  
who reported that the margin description of a focal  

mass is the most predictive feature of the breast  

MR image interpretation and spiculated margins  

are more suspicious for carcinoma.  

Internal enhancement of a focal mass is one of  
the most powerful diagnostic criteria for the dif-
ferentiation of benign and malignant tumors [13] .  

Buchberger et al., [23]  reported that the most  
frequent morphological finding among the malig-
nant lesions was heterogeneous internal enhance-
ment.  

In our study all mass lesions that exhibited  

heterogeneous and ring enhancement proved to be  

malignant except for one lesion proved to be be-
nign. Homogenous enhancement was found in 20  

mass lesions, 11 were benign and 9 were malignant.  

Two lesions of non mass like enhancement  
were encounted, one of them was malignant and  
showed diffuse heterogeneous enhancement, the  

other one lesion was benign and showed heterog-
enous and peripheral enhancement.  

Imamura et al., [24]  found in their study that  
malignant non mass lesions tended to show either  

segmental or branching ductal distribution, and  
when lesions with these patterns are considered  

malignant the sensitivity and specificity were  
68.8% and 63.6% respectively. They also reported  

that using the enhancement pattern in differentiation  

between benign and malignant lesions was often  
difficult with non mass like enhancement as there  
was no standardized method for interpreting them.  

In our study after evaluation of the morphologic  
characteristics of each lesion, its dynamic behavior  

with quantitative analysis of signal intensity [meas-
ured by means of computer manipulated region of  
interest (ROI)] as well as assessment of the shape  

of the time/signal intensity curve was done.  

A overlaps in the enhancement rate of benign  
and malignant lesions ranged from 4.4 to 51 % (in  
benign lesions) and from 11 to 270% (in malignant  

lesions) were found, these are comparable with  

the study of Kuhl [13]  who reported that enhance-
ment rates proved to be not diagnostically relevant  

because the broad overlap between benign and  
malignant lesions and were therefore of only limited  

diagnostic use in the individual patient.  

In our study, the mass lesions type I curve were  
found in 10 pathologically proven benign lesions,  
type III curve was found in 9 pathologically proven  

malignant lesions compared to 2 pathologically  
proven benign lesions, and type II curve was present  

in 1 benign lesion compared to 8 malignant lesions.  

This is comparable with many studies that  
reported the importance of the curve shape in  

differentiating between malignant and benign le-
sions. Zahoor [21]  reported that the use of time-
signal intensity curves resulted in dramatically  

higher specificity (83%) than were obtained when  

enhancement rate specificity (37%) was used. Type  

III curve is more suspicious for malignancy [25] ,  
whereas persistent curves are associated with be-
nign lesions. Plateau curves are indicative of either  

malignant or benign lesions [26] .  

The non mass type III curve was found in 1  
lesion (100%) which proven to be malignant. In  
this study, the detected breast lesions were classified  

according to their criteria on unenhanced MRI  

(DWI and T2WI) to benign and malignant lesions,  
as described by Rotili et al., [27] .  

In our study all lesions were hyper intense on  
DWI except five lesions were hypointense. Par-
tridge et al., [10]  reported that some malignancies  

are isointense and not visible on DWI, suggesting  
that DWI may have lower sensitivity than DCE-
MRI for detecting breast cancer. So it is important  

to localize the ADC measurement on the basis of  
the DCE-MRI abnormality to avoid missing any  
cancers.  



2366 Role of Diffusion Weighted MRI in Diagnosis of Breast Masses  

Our findings for mass lesions showed that  
malignancies exhibit lower mean ADC values  
compared with benign lesions. The mean ADC for  

malignancies in our study was 0.4-0.9 x 10 -3  mm2/s  
and for benign lesions was 0.8-2.2 x 10 -3  mm2/s.  

This is comparable with Pereira et al., [28] . In  
their study, they found that the threshold between  

malignant and benign lesions for highest sensitivity  

and specificity (both 86%) was around 1.13 ±0.10  
x 10 -3  mm2/s. For a threshold of 0.95 ±0.10 x 10

–3 
 

mm2/s, specificity was 100% but sensitivity was  
very low. So they concluded that the ADC may  
help to differentiate benign and malignant lesions  

with good specificity, and may increase the overall  

specificity of breast MRI.  

This difference in ADC threshold can be ex-
plained by difference in the study population.  

Moreover, many technical variables can affect the  

ADC values, such as different MRI units, pulse  
sequences, or b-values [24] . There are also factors  
related to imaging parameters (magnetic suscepti-
bility, spatial resolution and signal - to -noise ratio)  

and those related to the pathophysiologic features  
(cellular density and tissue component) of the  
lesions. In the female body, the hormonal status  
affects the water content and reportedly results in  

a 5.5% variation in breast ADC throughout the  
menstrual cycle. This is a significant limitation of  

applying ADC values in the clinical setting [29] .  

In our study we calculated the ADC value with  
high b-values (600 and 1500) to avoid the signal  

attenuation caused by perfusion effects at low b-
values. The ADC varies with the choice of different  

b-values. Filippi et al., [30]  found that the ADC  
value obtained with low b-values (0 and 150 s/mm2)  
is higher than that obtained with higher b-values  
(499 and 1500 s/mm2) for all lesions types due to  
contribution of mainly perfusion effects to the  

ADC. The diagnostic performance is not affected  

by the choice of the b-values. The results imply  
that to differentiate benign from malignant breast  

lesions.  

The diffusion criteria for mass and non mass  

lesions were assessed. All of them were restricted  
except five lesions showed facilitated diffusion  

which proved to be benign. We agree with Partridge  
et al., [10]  who reported that the specificity of DWI  
is similar for mass and non mass like enhancement.  

Conclusion:  
DWI improves the diagnostic accuracy of the  

DCE-MRI of the breast. It is a better method for  
detecting breast lesions than either T1- or T2-  

weighted imaging, but it is better to be performed  
in conjunction with contrast enhanced MRI. More-
over, the combination of mammography, DWI and  
T2WI could be useful in screening for breast cancer  

in patients who cannot receive contrast medium.  
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