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Key cases 



 
43 years old women  
 Fundamental US 

Hypoechoic and anechoic lesions  

Shape:     oval 
Orientation:   parallel 
Margin:    circumscribed 
Lesion boundary:   abrupt 
Echo pattern:    hypoechoic 
Posterior acoustic feature:  transmission increased 
Surrounding tissue:  - 
Calcification:    - 



Compounding and CHI 
59 years old patient 
Two small lesions 



Right versus left side upper outer quadrant 

Short vanishing pain of left breast 
48 years old patient 
Compounding and CHI Extended field – 

distortion of architecture 



Ultrasound of the breast including interventions – update  

 Technical remarks and examination technique 
 Anatomy, small focal lesion, mass 
 Diagnostic criteria and US-BI-RADS 
 Class room cases 
 Diagnostic performance  
 Differential, limitations, future directions 
 Take home messages 

.... and many case studies ! 

Outline 



Technical remarks 
and 

 examination technique 



 Transducer 
 Technique  

linear 

> 

> 

30 mm 

80 mm 

Multiple foci  Matrix technology 3-D Matrix technology 



US Imaging using 
Modern equipment 

 Matrix Transducer 6-15 MHz 

Coded Harmonic Imaging, Compounding, Speckle reduction 

cyst 

Using good-quality, high-frequency equipment, cysts 
 as small as 2-3 mm in diameter can be demonstrated  

 note of ACR Appropriateness Criteria® 

cyst 



Advanced imaging 
Flexible use of various US modes 

Matrix transducer 6-15 MHz 

High frequency, CHI, Compounding, Speckle 
reduction  

15 MHz 15 MHz 
13 MHz 9 MHz 

Scar after BCT 

Fibrosis can simulate a mass, and additional 
mammographic and/or US evaluation may be necessary  
to determine or to exclude the presence of a true mass*  

 *modified note of ACR Appropriateness Criteria® 



Ultrasound examination 
Example of meandric sagittal scanning 



R lat 

Ultrasound examination 
Imaging correlation – meandric sagittal scanning 



Ultrasound examination 
Example of radial and antiradial scanning 

Ductal = radial = parallel to duct antiradial = perpendicular to duct 



What can be done wrong? 
Insufficient compression 

poor compression good compression 

Simulation of a mass 
due to poor compression  



Use of advanced application 

 
 Colour Doppler techniques 
 3D and 4D ultrasound technologies 
 Spatial compounding on transmit and/ or receive 
 Frequency compounding 
 Digitally encoded tissue harmonics  
 Elastography 

Targeted breast ultrasound 
 

for detection and characterization of lesions 



Anatomy 



Anatomy  
Segmental approach 

small duct 

lobulus 

Tabar L, Tod T, Dean PB: Breast Cancer, Thieme, 2005 



1 mm 

Lobule Lobule 

Terminal 
 extralobular duct 

Interlobular duct 

Terminal duct lobular unit 
TDLU 

Tabar L, Tod T, Dean PB: Breast Cancer, Thieme, 2005 

Anatomy  
TDLU 



 
 

Parenchyma 

Stroma 

Ducts 
Terminal duct lobular unit 

Fibrous tissue  

Fat 

Panoramic imaging 
5-15 MHz 

Anatomy  
Imaging correlation of basic componants 



 
 Ultrasound anatomy 

Imaging correlation – basic components 

 More rows of anterior TDLUs 
 More TDLUs per row 
 Longer distension of anterior TDLUs 

in comparison with posterior TDLUs 



 
 Ultrasound anatomy 

Imaging correlation – basic components 

Hyperechoic to fat (bright), 
i.e. isoechoic to fibrous tissue 
Intralobular fibrous tissue 

Isoechoic to fat („dark grey“) 
premenstrual intralobular loose fibrous 
tissue, intralobular ductules (= acini), 
myo- epithelial proliferation 

Hypo- or anechoic to fat („black “) 
Cystic dilatation with fluid 



Review of basic components 

Ultrasound anatomy 

Isoechoic:        Fat, epithelium, loose fibrous tissue, 
   (periductal, intralobular), TDLU 

US appearance Histological correspondence  

Hyperechoic Skin, Cooper`s ligaments, TDLU, 
   stromal fibrous tissue (interlobular)  

Hypoechoic:  Nipple, blood in vessels, TDLU 

Anechoic:  Dilatated cysts, ducts, lymphatics 

DCIS 

skin 

nipple 

dilatated lymphatic 



Pathology 



Small focal lesion 
Focal tiny change of normal 
 anatomy (< 5 mm), that is 
 too small to be characterized 
 by architectural descriptors 

* wording of corresponding MRI descriptor is „focus“ 

* 



Pathological Concept 

             
The expanding TDLU 

Ductal imaging demonstrates multifocal 
expanded terminal ductal lobular units (TDLUs) 
extending from the duct system 

Key case – radial image 

Clinical background accounts! 
Are these changes segmental? bilateral? diffuse?  
Additional mass or duct extension? 



Pathological Concept 
Focal changes due to expanding  TDLU´s 

DCIS 

Adenosis 

Epithelial hyperplasia 

Sclerosing 
adenosis 

Fibrocystic 
 Changes 



Frequency of expanding TDLU´s 

DCIS ist rare  

Mastopathic 
 changes 

occur 
frequently 

Fibro- 
cystic 

changes 
occur very 
frequently 

Adenosis 

Epithelial hyperplasia 

Sclerosing 
adenosis 

Pathological Concept 



Ductal extension  

DCIS  
expands througout 
all ducts  
Dx: 
- Duct ectasia 
- Periductal mastitis  

Newly developed ducts in  high grade DCIS 

Epithelial hyperplasia 
remains in TDLU`s and 
terminal ducts 

* Wellings and coworkers 1975 

Pathological Concept 



Segmental distribution of foci  

Panoramic ultrasound presents 
segmental distribution of multiple 
tiny pseudocystic foci 

Key case – panoramic ultrasound 



Key case – radial and 3-D images 

Radial scanning and 3-D ultrasound  
present intraductal extension of mass 

plane A; radial  

plane C; coronal 

Segmental distribution of foci  



in DCIS T2-w 

T1-w + Gd 

Subtraction 

Histology was a multifocal 
mass-forming and 
intraductal branching DCIS 
grade 2 including multiple 
invasive foci of 
ductal invasive cancer 

High resolution US and MRI 
provided similar information 
concerning multifocal DCIS 
extension in this case 

Segmental distribution of foci  
Key case – mammography and MRI 



Mass 
Space occupying, three- dimensional lesion 
- with convex outward contours 
- that comprises one process  
- visible in two different scans/projections  

* BI-RADS descriptor 

* 



Uncharacteristic appearance 
in cancers presenting as a tiny mass 

T1a 

T1b 

All these cancers have been detected by screening Mx 



Heterogeneous appearance 
in cancers presenting as a bigger mass 

Stage T1c and T2 

No single diagnostic criterion can pick up all cancers  

 Fast growing 
 Hypervascularization 
 Elastic 

 Slowly growing  
 Hypovascularity 
 Stiff 



US heterogeneity of appearance 
depends on the location of tumor  

AT Stavros, Breast Ultrasound 2004  

depending on the pattern  
of malignant duct extension 

 

depending on the anterior (1),  
posterior (2) or endstanding (3) 
location of the envolved TDLU 

Fibroadenoma 
develops within 

intralobular fibrous 
tissue and does not 

invade the ducts 



Ultrasound 

Indications 

 Detection and characterization of symptomatic 
    and asymptomatic breast lesions 

 Image guidance of minimal-invasive procedures 
 Staging, perioperative imaging, specimen analysis 
 Monitoring of response to therapy 
 Surveillance after treatment 



US-BI-RADS 



Outline 

 A. Background 

 B. Masses 

 C. Calcifications 

 D. Special cases 

 E. Vascularisation 

ACR BI-RADS - US, Breast Imaging Atlas, 2003 

Breast-Imaging-Reporting and Data System-US (2003) 

Breast Imaging Reporting and Data System (1992,1993,1995,1998) 
 



Shape 
irregular 

gives a standardized description of malignant lesions 

Orientation 
not parallel 

Margin not  
circumscribed 

indistinct angulated 

microlobulated spiculated 

Echo pattern 
complex 

Shadow-
ing  

Echogenic 
halo      

ACR BI-RADS - US, Breast Imaging Atlas, 2003 

Breast-Imaging-Reporting and Data System-US (2003) 

Malignant criteria (original lexicon images) 



 
 

Concept of rendering 

 
ACR BI-RADS - US, Breast Imaging Atlas, 2003;  Brinker K: Linguistische Textanalyse, 1997 

 
 

Imaging 
 descriptors 

Screening, curative setting, 
 assessment, risk collective 

Suspicious palpable finding, 
 new or developing lesions 

INTUITIVE     APPROACH 

Numeric BI-RADS assessment category: 
 –  

strict recommendation 

Starting and context conditions General rules 

Breast-Imaging-Reporting and Data System-US (2003) 



US assessment category recommendations  

 
 

 2 : Cyst, lymph node, implant, stable scar or fibroadenoma 

3 : typical oval shape, circumscribed margins, 
     horizontal orientation of most likely a fibroadenoma, 
     nonpalpable complicated cyst, clustered microcysts 

4 : Solid lesion without typical features of a benign lesion 
 
5:  Intuitive assumption of malignancy > 95%   
 

ACR BI-RADS, Breast Imaging Atlas, 2003 

Breast-Imaging-Reporting and Data System-US (2003) 



Typical malignant appearance 

in a cancer presenting as a big mass (stage T3) 

Shape:     irregular 
Orientation:   not parallel 
Margin:    irregular 
Lesion boundary:   abrupt 
Echo pattern:    hypoechoic 
Posterior acoustic feature:  partial shadowing  
Surrounding tissue:  hyperechoic edema 
Calcification:    - 
Vascularity:    present 
Compressibility:   reduced 
Multifocality:   yes 
Duct extension:   yes 
Lymph nodes:   malignant 
Assessment category:   US- BI-RADS 5 



BI-RADS categories 0-6: based on risks and findings  

 
 

Assessment category 

Breast Imaging Reporting and Data System (2003) 

0.  Assessment is incomplete         Need additional imaging  
            and/ or previous images 

1.  Negative              Normal follow-up 
2.  Benign finding(s)                  Normal follow-up 
3.  Probably benign finding(s)         Initial short-interval follow-up 
4.  Suspicious abnormality (A,B,C)              Biopsy should be considered 

5.  Highly suggestive of malignancy          Appropriate action should be taken 

6.  Known biopsy - proven malignancy           Appropriate action should be taken 

ACR BI-RADS, Breast Imaging Atlas, 2003 

risk of cancer  

< 2% 

2%-94% 

> 95% _ 

 Stratification by increasing 
 probabilities of breast cancer  

     Assessment is complete – final categories 



                Shape 
Margin 

Round, Oval Lobulated Irregular 

Circumscribed 
2 (multiple) 
3 (singular) 

3 (moderate) 
4 (marked) 

4 

Indistinct 
Angular 
Microlobulated 

4 4 5 

Spiculated 5 5 5 

-Indicator of  benignity  
typical cyst,  
lymph node,  
lipoma 
 
-Indicator of maligancy 
echogenic halo,  
taller than wide,    
strongly hypoechoic, 
shadowing,           
ductal extension, 
retraction pattern, 
hypervascularity, 
reduced compressibility 
  
      
Change of BI-RADS-US  
category 

 Adopted BI-RADS-US training schema - mass 
No scientific proof to be used in daily workup, as it can miss cancers. 
 

High risk, newly developing lesion Stability over time  



Diagnostic 
performance 



 Sensitivity  57 - 90 % 
 

 Specificity  65 - 90 % 

Ultrasound 

dependent on prevalence, stage, diagnostic 
threshold and other factors ! 

multiple collected studies  

diagnostic performance 



which is the lymph node? 
complex cyst 

heterogeneous homogeneous 

calcified fibroadenoma 

anular 

lymph node 

 BI-RADS 2       BI-RADS 2    BI-RADS 4  2 

Ultrasound 



Differential  
and  

Limitations 



Differential diagnosis 
Oval/round and circumscript mass 

1.  Invasive ductal Ca-NOS 

2.   Medullary carcinoma 

3.   Mucinous carcinoma 

4.   Papillary carcinoma 

5.   Adenoid cystic carcinoma 

6.   Sarcoma 

7.   Primary Lymphoma 

8.  Metastasis 

Malignant Benign 
1. Cyst 

2. Fibroadenoma  

3. Lymph node 

4. Papilloma 

5. Phyllodes tumor grade 1 

6. Abscess 

7. Hamartoma 

8. Subaceous cyst 

fibroadenoma 

phylloides tumor 



Focal architectural distortion 

Radial scar 

Focal fibrosis 

Tumor adenosis 

Ductal carcinoma in situ 

Invasive ductal carcinoma 

Invasive lobular carcinoma – 
architectural distortion most 
frequent manifestation  

Tubular carcinoma 

Differential diagnosis 

Malignant Benign 



 
 

Limitations 
Breast ultrasound 

 False positive findings  
 Detections of microcalcifications  
 Screening 
 Familiar breast cancer  
 Lobular cancer 



Limitations of Breast US 

Microcalcifications, intraductal proliferation 
Mastopathical calcification     DCIS 

Galactography – filling defect 
normal sonography 



Summary 
Role of breast ultrasound 

 Nationwide Screening     - 
 Assessment     +++ 
 Perioperative imaging    ++ 
 Surveillance      ++ 
 Individual early diagnosis     ++ 



Key cases 



 
43 years old women  
 Fundamental US 

Hypoechoic and anechoic lesions  

Shape:     oval 
Orientation:   parallel 
Margin:    circumscribed 
Lesion boundary:   abrupt 
Echo pattern:    hypoechoic 
Posterior acoustic feature:  transmission increased 
Surrounding tissue:  - 
Calcification:    - 



 
43 years old women  
Elastography 

Hypoechoic and anechoic lesions  

All lesions show similar elasticity 

The blue-green-red artifact is a aliasing artifact 
 that distinguishs soft cysts from solid lesions 



                Shape 
Margin 

Round, Oval Lobulated Irregular 

Circumscribed 
2 (multiple) 
3 (singular) 

3 (moderate) 
4 (marked) 

4 

Indistinct 
Angular 
Microlobulated 

4 4 5 

Spiculated 5 5 5 

-Indicator of  benignity  
typical cyst,  
lymph node,  
lipoma 
 
-Indicator of maligancy 
echogenic halo,  
taller than wide,    
strongly hypoechoic, 
shadowing,           
ductal extension, 
retraction pattern, 
hypervascularity, 
reduced compressibility 
  
      
Change of BI-RADS-US  
category 

 Adopted BI-RADS-US training schema - mass 
No scientific proof to be used in daily workup, as it can miss cancers 
 

Diagnosis: multiple cysts 



Compounding and CHI 
59 years old patient 
Two small lesions 



Colour Doppler 



                Shape 
Margin 

Round, Oval Lobulated Irregular 

Circumscribed 
2 (multiple) 
3 (singular) 

3 (moderate) 
4 (marked) 

4 

Indistinct 
Angular 
Microlobulated 

4 4 5 

Spiculated 5 5 5 

-Indicator of  benignity  
typical cyst,  
lymph node,  
lipoma 
 
-Indicator of malignancy 
echogenic halo,  
taller than wide,    
strongly hypoechoic, 
shadowing,           
ductal extension, 
retraction pattern, 
hypervascularity, 
reduced compressibility 
  
      
Change of BI-RADS-US  
category 

 Adopted BI-RADS-US training schema - mass 
No scientific proof to be used in daily workup, as it can miss cancers 
 

BI-RADS 5  



Histology is ductal invasive cancer 
59 years old patient 
Two small lesions 



Right versus left side upper outer quadrant 

Short vanishing pain of left breast 
48 years old patient 
Compounding and CHI Extended field – 

distortion of architecture 



Strong Compounding and CHI 

Short vanishing pain of left breast 
48 years old patient 

Spiculae within 
hyperechoic halo 



Compounding and CHI; 15 MHz Ultrasound 

Short vanishing pain of left breast 
48 years old patient 



                Shape 
Margin 

Round, Oval Lobulated Irregular 

Circumscribed 
2 (multiple) 
3 (singular) 

3 (moderate) 
4 (marked) 

4 

Indistinct 
Angular 
Microlobulated 

4 4 5 

Spiculated 5 5 5 

-Indicator of  benignity  
typical cyst,  
lymph node,  
lipoma 
 
-Indicator of malignancy 
echogenic halo,  
taller than wide,    
strongly hypoechoic, 
shadowing,           
ductal extension, 
retraction pattern, 
hypervascularity, 
reduced compressibility 
  
      
Change of BI-RADS-US  
category 

 Adopted BI-RADS-US training schema - mass 
No scientific proof to be used in daily workup, as it can miss cancers 
 

BI-RADS 5  
Short vanishing pain of left breast 



Take-home-message 1 

Concentrate on 
modern high- 

frequency technology ! 



Take-home-message 2 

Calibrate: focus, 
gain, brain ! 



Take-home-message 3 

Train BI-RADS- 
Ulrasound! 



INTERNATIONAL BREAST  
ULTRASOUND COURSE 
 

September 6 to 11, 2010 

http://www.ibus.org 

FERRARA, ITALY 



CATEGORICAL COURSE  
BREAST ULTRASOUND - UPDATE 
AUGUST 26, 2011 
VIENNA, AUSTRIA 

INTERNATIONAL BREAST ULTRASOUND SCHOOL 

IBUS is celebrating 
the 20th anniversary 
of its foundation 
1991 - 2011 



Thank you very much for your attention ! 
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