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A B S T R A C T A R T I C L E I N F O 

Introduction: 
Breast ultrasound constitutes one of the settled imaging techniques of the breast besides 
mammography and magnetic resonance imaging (MRI). Breast ultrasound owns 
advantages in dense breasts and therefore especially in premenopausal women. 
The first known clinical use of breast ultrasound (US) was reported in 1951 by Wild and 
Neal who used A-mode sonography to describe the features of one benign and one 
malignant breast mass. Several attempts were subsequently made to develop automated or 
multi-transducer scanners to evaluate the whole breast, both to detect subclinical disease 
(screening) as well as for lesion characterization .In 1970s there was decreased  interest in 
breast sonography , and, for many years after that  ultrasound was merely used  to 
differentiate  solid from cystic masses. However, due to better  resolution and quality of 
ultrasound  images, its used for evaluation of the breast has again increased. 
Breast ultrasound has now become the most useful and widely available adjunctive breast 
imaging evaluation and guidance modality for percutaneous breast biopsy and 
preoperative localization.  
Methodology: 
A total of 250 females with a history of breast lump, pain, discharge from the nipple and 
palpable axillary lymph nodes were included in this study. Masses were evaluated 
according to the characteristics in ACR BI-RAD US Lexicon categories 1,2 and 3 were 
taken as benign, and categories 4,5 and 6 were taken as malignant. 
Results:   
Mean age of the patients was 32.88±14.56 years. Malignant breast tumours on Ultrasound 
were 92 while benign breast tumours were 158 and on histopathology (gold standard) 
malignant breast tumours were 86 while benign tumours were 164. Sensitivity was 94.2%, 
94.2%, specificity 93.3%, diagnostic accuracy 93.6% positive predictive value 88.0%, and 
negative predictive value was 96.8%. 
Conclusion: 
In conclusion, Ultrasound can be used to categorize benign and malignant tumours. Its 
sensitivity for detection of malignant tumours was noted very high so that it can be used 
as a useful screening tool. According to our study, non parallel( taller than wide ) 
orientation,indistinct, angular and spiculated margins, abrupt interface, duct and cooper 
ligament changes, architectural distortion , skin thickening and retractions ,and 
microcalcifications with in the mass are major predictors of malignancy. On the other 
hand significant predictors of benignity include oval shape ,parallel (wider than tall) 
orientation , echogenic halo, hyperechoic echopattern, post acoustic enhancement and 
macrocalcifications 
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1. INTRODUCTION: 

 Breast cancer is among the most common causes of cancer deaths today. Besides skin cancer, breast 
cancer is the most commonly diagnosed cancer among women. More than 1 in 4 cancers in women (about 28%) 
are breast cancer. Early clinical detection of breast cancer through screening leads to the detection of the tumor 
at a relatively earlier clinical stage, which definitely reduces its mortality. 

Ultrasonography (US) has been playing an increasingly important role in the evaluation of breast cancer. 
Ultrasound is useful in the evaluation of palpable masses that are mammographically occult and in the 
evaluation of clinically suspected breast lesions in women younger than 30 years of age.  Some sonographers 
believe that Ultrasound is the primary modality for the evaluation of palpable masses in women 30 years of age 
and older and that mammography plays an adjunctive technique. The sensitivity of breast sonography has been 
found to be superior to mammography especially in premenopausal females, and recently, screening sonography 
has also been advocated for dense breasts. The diagnostic accuracy of Ultrasonography is found to be 81.7%, 
with 76.7% sensitivity and 86.7% specificity. 

Originally, ultrasonography was primarily used as a relatively inexpensive and effective method of 
differentiating cystic breast masses from solid breast masses. However, it is now well established that US also 
provides valuable information about the nature and extent of solid masses and other breast lesions. Thus 
ultrasound can be used to help differentiate benign from malignant solid lesions.[10] Improving equipment and 
scanning techniques have helped expand the applications of breast US. Linear-array high-frequency (7.5- 12 
MHz or higher center frequency) transducers are generally used.[6] Today, sonography plays an important role 
in guiding interventional procedures such as needle aspiration, core needle biopsy, and prebiopsy needle 
localization. 

Increased use of breast sonography necessitates a standardized method for lesion characterization, 
description, and reporting. The breast imaging reporting and data system (BI-RADS) was developed in 1993 and 
published by the American College of Radiology (ACR) to standardize the reporting of mammographic 
findings, to clarify its interpretation and to facilitate communication between clinicians. Until recently, BI-
RADS had been applied to mammography only and did not pertain to other breast imaging techniques. But in 
light of the widespread use of sonography, the ACR recently developed a BI-RADS lexicon for breast 
sonography to standardize the characterization of sonographic lesions 

ACR BI-RADS–US provides terms that describe the following features or findings on breast US 
examinations: shape, orientation, margin, boundary, echo pattern, posterior acoustic features, and surrounding 
tissue for masses; breast calcifications (which are poorly characterized by US); special cases, such as 
complicated cysts and intramammary lymph nodes; vascularity; and assessment categories. 

ACR BI-RADS–US describes 7 assessment categories. One category is for lesions that are incompletely 
characterized and for which further imaging is needed for final assessment. The 6 other assessment categories 
have implications on patient care. 

Very little indigenous studies are available relevant to the topic as previously no study in our region has 
been done to assess the diagnostic predictors of ACR-BI-RAD-US lexicon. This is thus the purpose of this study 
to generate results for local population which may differ from international studies as prevalence of disease 
slightly varies. 

 On the other hand, among so many descriptors of BIRAD US lexicon, the identification of few 
Characteristic sonographic features “ The Diagnostic Predictors”,  can potantially open the doors for medical 
professionals to screen the patient in less time and diagnose the breast lesions as benign or malignant. This will 
increase the reliability of ultrasound as a screening tool, enhance productivity and lessen diagnostic cost 
.Ultimately leading to improved psychological and clinical outcomes of patients. 

 
2. METHOD: 

Institutional Review Boards of  Rashid Latif Medical College approved the study. 250 females between the 
age group of 15-80 years, who were referred to Department of Diagnostic Radiology, Rashid Latif Medical 
College, Lahore, with history of a breast lump, pain, discharge from the nipple and palpable axillary lymph 
nodes with no history of breast surgery, recurrence, radiotherapy or chemotherapy were taken. The sample size 
was calculated with a 95% confidence level and a 10% margin of error. The expected percentage of breast 
tumours was taken as 28% with 77% sensitivity and 87% specificity of Ultrasound in differentiating benign and 
malignant breast tumours by using ACR BI-RAD US Lexicon and histopathology was taken as the gold 
standard. 
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After obtaining informed consent, the ID number was allotted to the patient as their names were kept 
confidential.Age and presenting complian were recorded. All the patients fulfilling the inclusion and exclusion 
criteria were included in the study. Ultrasound of all the subjects was performed on General Electric logic five 
machines using linear high-frequency 10MHz probe. A  single researcher dealt with all the respondents and their 
ultrasounds were performed on the same machine in order to eliminate bias. Masses were evaluated according to 
the characteristics in ACR BI-RAD US Lexicon. Categories 1,2 and 3 were taken as benign, and categories 4,5 
and 6 were taken as malignant. The results were compared with histopathology taking it as a gold standard. The 
data was analyzed using SPSS version 10.0. Age was presented as mean±SD. Sensitivity, Specificity, positive 
predictive value, negative predictive value and accuracy of USG in differentiating benign and malignant breast 
tumour was calculated by using a 2x2 contingency table of ACR BI-RAD US Lexicon and Histopathology was 
taken as a gold standard. Frequency and percentages were calculated for breast tumour.  

 

3. RESULTS: 

A total of 250 women with a history of a breast lump, pain, discharge from the nipple and palpable axillary 
lymph nodes were included in the study during the study period of six months. The Mean age of the patients was 
32.88±14.56 years. Majority of the patients were between 20-40 years of age while minimum patients were 61-
80 years old. (Figure 1) Malignant lesions were most frequently seen in age range 41-60 years, comprising 
51.8% of total cases. However, 38.8% malignant cases seen in age range 21-40 years. (Figure. 1) 

 
Figure 1. Bar Graph depicting the relation of age and breast tumors 

 

 
 

US examination of the breast lumps revealed the following results;  Regarding the shape of mass ,128 
(51.2%) lesions were oval, 45 (18.0%)  lesions were round and 77 (30.8%) lesions were irregular. Among these 
oval shape was found to be the largest predictor of lesion benignity as 118 out of 128 oval shaped lesion were 
benign on histopathology. Parallel orientation (wider than tall) was observed in 197 patients, out of which 159 
lesion were benign and 38 lesions were malignant on histopathology. ( Table 2) 
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Table 1: Breast lesion orientation, as predictor of benignity 
 

 Orientation Total 

Parallel Not parallel 

On histopathology 

Malignant 
Count 38 47 85 

% within On histopathology 44.7% 55.3% 100.0% 

Benign 
Count 159 6 165 

% within On histopathology 96.4% 3.6% 100.0% 

Total 
Count 197 53 250 

% within On histopathology 78.8% 21.2% 100.0% 

 
Examination of the lump margin was as following: circumscribed 167 (66.8%), indistinct 42 (16.8%), 

angular 54 (216%), microlobulated 100 (40.0%) and spiculated 65 (26.0%) . 28 lesions with circumscribed 
margins were proved to be malignant on histopathology while 26 lesions with un circumscribed margins were 
benign on histopathology. 65 lesions were seen with spiculated margins and 64 of them were found to be 
malignant.  

Further examination of breast lumps are summarized in the table 3. 

 
Table 2: Sonographic Findings in breast masses using BI-RAD-US lexicon 

 
Characteristic Feature Total Number Benign Malignant 

Margins  
Circumscribed 

Non circumscribed 

Indistinct 

Angular 

Microlobulated 

Spiculated 

 
167 

83 

42 

54 

100 

65 

 
139 

26 

6 

1 

37 

1 

 
28 

57 

36 

53 

63 

64 
Lesion Boundry 

 
 

Abrupt interface 

Echogenic halo 

 

84 

166 

 

11 

154 

 

73 

12 
Echopattern  

Anechoic 

Hyperechoic 

Complex 

Hypoechoic 

 

2 

6 

76 

166 

 

1 

6 

40 

118 

 

1 

0 

36 

48 
Post Acoustic 

Features 
 

 

None 

 

59 

 

               46 

 

13 
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Enhancement 

Shadowing 

64 

127 

64 

72 

 

0 

55 

Surrounding 
Tissue 

Description 
 
 
 
 

 

Duct Changes 

Cooper’s ligament 
changes 

Edema 

Architectural distortion 

Skin thickening 

Skin 
Retraction/irregularity 

 

22 

55 

 

60 

77 

                12 

 

22 

 

 

0 

0 

 

12 

1 

1 

 
 

0 

 

22 

55 

 

48 

76 

              11 

 

22 

Calcification  

Macrocalcifications 

Microcacifications out of 
mass 

Microcacifications in 
mass 

 

                65 

8 

                38 

 

 

65 

                6 

0 

 

0 

2 

38 

 
Finally, US examination showed malignant breast tumors in  92 patients while benign breast tumors in  158 

and on histopathology (gold standard) malignant breast tumors were 86 while benign tumors were 164 (Table-). 
Overall, the sensitivity was 94.2%, specificity 93.3%, diagnostic accuracy 93.6%,  positive predictive value 
88.0%, and negative predictive value was 96.8% 

Figure 2: Comparison of sonographic and histopathologic findings 
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According to our study, non parallel( taller than wide ) orientation,indistinct, angular and spiculated 
margins, abrupt interface, duct and cooper ligament changes, architectural distortion , skin thickening and 
retractions ,and microcalcifications with in the mass are major predictors of malignancy. On the other hand 
significant predictors of benignity include oval shape ,parallel (wider than tall) orientation , echogenic halo, 
hyperechoic echopattern, post acoustic enhancement and macrocalcifications.  

 
4. DISCUSSION: 

In addition to mammography, sonography has become a standard breast-imaging procedure during the last 
15 years because of rapid technological advances such as the use of all-digital high-frequency transducers of up 
to 13 MHz, colour and power Doppler imaging, and harmonic imaging. Although breast sonography has 
historically been used for differentiating cystic from solid lesions, there has been growing interest in using 
sonography to differentiate benign from solid malignant masses and to avoid biopsies because of its ability to 
accurately identify the lesion characteristics suggestive of malignancy. 

The sensitivity of breast sonography has been found to be superior to mammography especially in 
premenopausal breasts, and recently, screening sonography has also been advocated for dense breasts. Today, 
sonography plays an essential role in guiding interventional procedures such as needle aspiration, core needle 
biopsy, and prebiopsy needle localization. 

Early identification of malignant features by high-frequency Ultrasound reduces morbidity and improves 
the overall management. By increasing the use of sonomammography in clinical practice, a standardized lexicon 
for sonomammography was developed in 2003 by the ACR in light of the X-ray mammographic counterpart. 
The primary purpose of sonographic BI-RADS lexicon was to provide an integrated language for sonographic 
reporting and research, to avoid ambiguity in the communication and teaching of sonographic 
interpretation [18,19]. ACR BIRAD system also introduced an intermediate group in between benign and 
malignant which include, BIRA D III probably benign to BIRAD IV suspicious lesion. 

With the advancement in imaging technology, the breast imaging has been challenged with not only early 
identification of malignancy but also in the reduction of benign biopsy rate. Guidelines for ultrasonographic 
characterization of breast masses have been published. Real times Ultrasound helps to guide the interventional 
procedures. Doppler ultrasound examinations further aid in differentiating benign from malignant lesions based 
on abnormal vascularity. 

Because of the frequent overlap of radiologic signs, breast lesions indicative of malignancy detected on 
sonography have to be examined with biopsy to prove their malignancy or benignity. The large number of 
biopsies performed for benign abnormalities because of patient fear, physician uncertainty, or standard protocols 
has long been recognized as an additional problem. Excessive biopsies have adverse effects on society, 
increasing the costs of screening projects and health care. 

To decrease the number of biopsies for benign lesions, sonography should be exploited for accurate 
interpretation of a lesion’s characteristics of suspicion. Improvements have been achieved in sonographic 
diagnosis by the ACR with the introduction of the BI-RADS classification, which helps the radiologist in 
describing sonographic features and defining the final assessment category that is associated with the most 
appropriate clinical management of the case. 

 Our study confirms the high sensitivity (identification of malignant brain tumours in patients with 
breast cancer; 94.2%) and the high NPV (identification of true negative findings in disease-free patients; 96.8%) 
of the sonographic BI-RADS classification. In a large series of patients, Stavros et al [18] reported 98.4% 
sensitivity, 67.8% specificity, 38% PPV, 99.5% NPV, and 72.9% accuracy. In their study, the PPV was 
considerably lower than ours (38% versus 88%) probably in relation to the different prevalence of breast cancer 
and the different patient selection criteria. Predictive values were highly influenced by the sensitivity, 
specificity, and prevalence; particularly, the prevalence increase led to a PPV increase. In our study, the 
sonographic accuracy (93.6%) in differentiating benign from malignant lesions with the use of ACR BI-RADS 
sonographic categorization was similar to the results of Stavros et al. 

Compared to a study done in 2004 by Berg et al on a sample of 258 patients, our study shows increased 
sensitivity and specificity as compared to their values of 83% and 34%. A study done in 2018 by Nandan and 
Alladin in Guyana shows the sensitivity and specifity of ultrasound as 97% and 98 % respectively which are 
higher than our study.  

Another study done in 2018 by F Gharekhanloo shows the sensitivity and specifity of ultrasound breast as 
93.9 % and 86.5 % respectively in a sample of 203 females. In this study the sensitivity matches the sensitivity 
of our study(94.2%) however the specifity of our study remains higher to 93.3% in a sample of 250 females. 
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5. CONCLUSIONS: 

 
In conclusion, Ultrasound can be used to categorize benign and malignant tumours. Its sensitivity for 

detection of malignant tumours was noted very high so it can be used as an effective screening tool. Our study 
concludes that the major predictors of a lesion being malignant are non parallel (taller than wide), indistinct, 
angular and spiculated margins, abrupt interface, duct and cooper ligament changes, architectural distortion , 
skin thickening and retractions ,and microcalcifications with in the mass. The major predictors of benignity 
include oval shape, parallel (wider than tall) orientation ,echogenic halo, hyperechoic echopattern, post acoustic 
enhancement and macrocalcifications. 

 
Ultrasound is simple, safe, widely available, cost-effective and time conserving imaging modality for 

evaluation of breast tumours. It should be the first investigation to be done in young females or pregnant women 
where mammography is not advisable. Ultrasound characterization helps to avoid unnecessary biopsies and 
provides better options in the management plan.  

 

 
 
 
 
 
 

Figure 3: Malignant breast lesion with Major 
diagnostic predictors, non parallel (Taller than wide) 
orientation, spiculated, angular and indistinct margins 

with posterior acoustic shadowing. Skin thickening was 
also noted. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Malignant breast lesion depicting Major diagnostic 

predictors,, spiculated, angular and indistinct margins with 
posterior acoustic shadowing. Skin thickening and retraction 

also noted. 
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Figure. 5: Benign lesion with Major Diagnostic predictors. Oval shape,parallel (Wider than tall) orientation,echogenic halo 
and posterior acoustic enhancememt. No blood flow was noted on color doppler. 

 

 

Figure. 6: Benign lesion with Major Diagnostic predictors of benignnity. Oval shape,parallel (Wider than tall) 
orientation,echogenic halo and posterior acoustic enhancememt. 
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APPENDIX 

Table 3: Sensitivity, Specificity and diagnostic accuracy of ultrasound  
 

 
 True Positive 
Sensitivity rate ____________________________ x 100 = 
 True Positive + False Negative 
 
 81 
 ____________________________ x 100 = 94.2% 
 81 + 5 
 
 True Negative 
Specificity rate ____________________________ x 100 
 True Negative + False Positive 
 
 153 
 ____________________________ x 100 = 93.3% 
 153 + 11 
 
 
 True Positive + True Negative 
Diagnostic Accuracy ____________________________ x 100  
 True Positive +True Negative + 
 False Positive + False Negative 
 
 
 81 + 153 
 ____________________________ x 100 = 93.6% 
 81+153+11+5 
 
 
 

Table 4: Positive predictive value and negative predictive value of Ultrasound 
 

 True Positive 
Predictive value of ____________________________ x 100 = 
Positive test True Positive + False Positive 
 
 81 
 ____________________________ x 100 = 88.0% 
 81 + 11 
 
 True Negative 
Predictive value of ____________________________ x 100  
Negative test True Negative + False Negative 
 
 153 
 ____________________________ x 100 = 96.8% 
 153 + 5 
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