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Abstract  

Introduction: Breast cancer is found to be the leading cancer in woman across the world. Ultrasound is 

safe and does not have radiation exposure. It is suitable for evaluating young breasts, pregnant, lactating 

woman. The objectives of our study were to find the accuracy of ultrasound in diagnosis of benign and 

malignant breast masses and to correlate the benign and malignant ultrasound features with tissue 

diagnosis.  

Materials and Methods: This study was a descriptive cross-sectional study which includes 60 female 

patients, of age ranging between 20-85 years with history of palpable breast masses referred to the 

Radiology department for ultrasound scan in the past 10 months. Initially USG was performed and then 

FNAC was done. Tissue diagnosis was done in all patients. The sonological findings and FNAC results 

were correlated with tissue diagnosis by statistical analysis.  

Results: The USG findings most predictive for a benign and malignant tissue diagnosis were identified. 

The sensitivity, specificity, PPV, NPV of ultrasound is 100%, 94.3%, 89.5%, 100% respectively. False 

positive and false negative rate of USG is 5.7% and 0% respectively. The specificity, sensitivity, NPV, 

PPV of FNAC is 100%, 85%, 92.9%, 100% respectively. False negative and false positive rate of FNAC 

is 7.1% and 0% respectively.  

Conclusion: Ultrasound and FNAC are supplementary to each other, thus when they are used together, 

majority of the lesions can be diagnosed. This helps in avoiding radiation exposure & decrease the 

number of biopsies performed for benign solid masses. 
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Introduction 

Breast cancer is found to be the leading cancer in woman in both developed and developing countries 

across the world. Cancer incidence in developing countries has been increased due to lack of awareness 

and detection in late stages. Detection of cancer in the early stage can improve the survival of patients 

and cancer control can be achieved.1 It is estimated that worldwide over 508000 women died in 2011 

due to breast cancer (“Global Health Estimates, WHO 2013”). Though breast cancer is thought to be a 

disease of developed countries, the 50% of cases and 58% of deaths occur in developing countries. 

According to 2014 statistics of WHO the rate of mortality of breast cancer in India was estimated to be 

21.5%. Age standardised cancer mortality trends was found highest for breast cancer when compared to 

all other cancers in India. Breast cancers usually presents as a lump or mass in the breast. It is a major 

concern to the patient and it need to be evaluated as early as possible
[1, 2]

. 

Breast Ultrasonography has evolved as an important complementary modality to mammography, and it is 

performed along with the mammography for diagnosis of lesions. Sono-mammography can differentiate 

solid and cystic masses
[3, 4]

.The image quality has improved the confidence in correct identification of 

benign lesions and malignant lesions
[5, 6]

. 

Although many studies had been conducted in the past, still breast cancer is poorly understood. There are 

various radiological methods for evaluation of breast. Most commonly employed methods are x-ray-

mammogram, sono-mammogram. Ultrasound has more advantages over mammography in diagnosing 

breast cancer. It has no radiation exposure so it is suitable for evaluating young breasts, pregnant, 

lactating woman. It helps in diagnosing lesions in dense breasts. The high frequency probes help in 

providing good lateral resolution. Real time imaging and panoramic views helps in better identification 

and delineation of the lesion
[7, 8]

. 

USG elastography has been evolved recently and the results are quite reliable
[9]

.Ultrasound is helpful in 
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evaluation of dense breast, even small cancers which were missed in mammography can be picked by 

ultrasound
[10]

. 

Recently “American College of Radiology” proposed a lexicon for characterization of breast masses. It is 

an accepted and assured system for characterising the lesions by Sono-Mammogram, mammogram and 

MRI
[11]

.It is important to recognise the ultrasound features which helps in characterization of breast 

lesions as it helps in early diagnosis of malignancy and by this unnecessary radiation exposure and 

invasive procedures can be avoided
[12, 13]

.BIRADS by ACR helps in practising a standardised reporting 

system all around the world in characterization of breast masses by Sono-mammogram and conventional 

mammogram
[14]

. 

The objectives of our study were to find the accuracy of ultrasound in diagnosis of benign and malignant 

breast masses and to correlate the benign and malignant ultrasound features with tissue diagnosis. 

 

Material and Methods  
This study was a descriptive cross-sectional study conducted in tertiary care hospital, which included 60 

female patients, of age ranging between 20-85 years with history of palpable breast masses referred to 

the Department of Radio- Diagnosis, for ultrasound scan in the past 10 months. Initially USG was 

performed and then FNAC was done. Tissue diagnosis results were obtained in all patients. The 

sonological findings and FNAC results were correlated with tissue diagnosis by statistical analysis. 

Institutional ethical committee clearance was obtained before the initiation of study. Informed written 

consent was obtained from each patient. 

 

Inclusion criteria 
All female patients within 20 to 85 years with palpable breast masses, who underwent FNAC and 

subsequent biopsy are included.  

 

Exclusion criteria 
Patients with breast implants. 

Benign breast cysts. 

Male patients. 

Woman who underwent mastectomy. 

 

Methodology/Procedure  

 Patients with breast lump were referred to our department for ultrasound breast. Initially 

diagnostic ultrasound was done with Mindray machine using high frequency probe of frequency 7to10 

MHzand then USG guided “Fine needle aspiration cytology” was done in all breast masses and sent for 

cytopathological examination. 

 Following FNAC, depending upon the advice of surgeon, core needle biopsy or excision biopsy 

was carried out and the tissue diagnosis results were collected.  

 Categorization of breast masses is done using Ultrasound Lexicon which was published by 

American college of Radiologyand previous studies in the literature.  

The Ultrasound findings were then correlated with “Fine needle aspiration cytology” findings. The 

Ultrasound and FNAC findings are correlated with histopathological findings, considering 

histopathology as the gold standard.  

 

Patients scanning technique 
Before the ultrasound examination a detailed clinical history and clinical examination was performed. 

Patients were examined in supine position. 

 

Observations with USG  
A thorough ultrasound examination was performed in sagittal plane, transverse plane and radial plane.  

Finally, the breast lesions were classified according to BIRADS provided by the “American College of 

Radiology” to indicate the probability of malignancy. And then each mass is further classified into 3 

main categories, Benign (Negative, benign, probably benign), Indeterminate (lesions showing a 

suspicious abnormality which could not be clearly delineated as benign or malignant), or malignant 

(Highly suggestive of malignancy).  

 

Observations with FNAC 

Technique of USG guided FNAC 
After explaining the procedure, under strict aseptic precautions the high frequency linear probe was 

placed over the mass and under sonographic guidance, the needle was inserted into the lesion after 

informing the patient about it. After the insertion, rapid back and firm strokes of the needle were made 

within the lesion. Aspiration was applied using 20cc syringe attached to the, a 23-gauge needle, for 

creating negative pressure and before withdrawing the needle, the negative pressure was released. The 
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material in the needle was expressed on clean slides and smeared using another clean slide. Slides were 

taken to the pathology laboratory and after obtaining the reports from pathologist, the results were 

grouped into 3 categories (Benign, malignant, indeterminate). 

 

Statistical analysis 
Data entered in excel sheet, statistical analysis done by SPSS 23 software using descriptive statistics and 

chi-square test for correlating ultrasound findings with FNAC and tissue diagnosis (histopathological 

examination) in case of breast masses, with 5% level of significance and 95% confidence interval.  

 

Results  
60 patients with palpable breast lumps underwent sono-mammogram, out of which 33 cases (55%) were 

reported as benign and 19 cases (31.7%) were reported as malignant and 8 cases were reported as 

indeterminate (can be either benign or malignant) by ultrasound. As indeterminate results are neither 

false positive or false negative, it recommends the further need of biopsy to rule out malignancy. These 

indeterminate cases were not included into calculation. 52 palpable lumps were included in the study. 

The specificity, sensitivity, negative predictive value, positive predictive value of ultrasound is 94.3%, 

100%, 100%, 89.5% respectively. False negative rate and false positive rate of USG is 0% and 5.7% 

respectively (Table 1). 

Fine Needle Aspiration Cytology was done for all 60 palpable masses and 42 cases were reported as 

benign (70%)and 17 cases (28.3%) were reported as malignant and in 1 case (1.7%) the result was 

indeterminate. As indeterminate result is neither false positive or false negative, it recommends the 

further need of biopsy to rule out malignancy. These indeterminate cases were not included into 

calculation. The sensitivity of FNAC was calculated for 59 lumps. The specificity, sensitivity, negative 

predictive value, positive predictive value of FNAC is 100%, 85%, 92.9%, 100% respectively. False 

negative and false positive rate of FNAC is 7.1% and 0% respectively (Table 1). Table 2 shows final 

histopathological diagnosis of benign masses and malignant breast masses. The most commonly 

diagnosed benign breast mass is fibroadenoma and the most common malignancy was infiltrating ductal 

carcinoma. 

The ultrasound features which were more predictive for a benign lesion (Figure 1) were oval, < 3 smooth 

macro lobulations (94.4% of masses with these features were diagnosed as benign), circumscribed 

margins (95% of masses with feature were benign), Width-to-AP ratio >1.4 (81.6% of masses with W/ 

A-P ratio > 1.4 were benign), pseudo capsule (96.2% of lesions with pseudo capsule were benign), edge 

refraction (82.4% lesions with edge refraction were benign). 100% of the lesions with round shape were 

benign but round shape was reported only in 5% of cases.  

The features which were more predictive for a malignant lesion (Figure 2) were irregular shape (85.7% 

of lesions with this feature were malignant), non-circumscribed (spiculated, angular, indistinct, micro 

lobulated) margins (90% of lesions with non-circumscribed margins were malignant), Width-to-AP ratio 

< 1.4 (100% of lesions with Width-to-AP ratio < 1.4 were malignant).  

 The USG imaging parameter which is not a good reliable factor in differentiation of masses is echo-

pattern as in our study 53.8% of masses with hypoechoic echo pattern were benign and 46.2% were 

malignant. Certain features showed very good correlation in categorization of benign and malignant 

lesions were too in frequent to be applicable generally. For example, a hyperechoic lesion is a very good 

predictor of a benign mass but it is seen in only 3% of the cases. 

  
 Table 1: Specificity, sensitivity, negative predictive value, positive predictive value, false negative and false 

positive results of ultrasound and FNAC 
  

Parameters USG (%) FNAC (%) 

Sensitivity 100 85 

Specificity 93.4 100 

Positive Predictive Value (PPV) 89.5 100 

Negative Predictive Value (NPV) 100 92.9 

False Positive (FP) 5.7 0 

False Negative (FN) 0 7.1 

 
 Table 2: Histopathological Diagnosis of Benign Masses and Malignant Breast Masses 

  

Histopathology Diagnosis Frequency Percentage 

Benign 

Breast abscess 2 1.73.3 

Fibroadenoma 30 50.0 

Galactocele 1 1.7 

Hamartoma 2 3.3 

Hematoma 1 1.7 

Phyllodes 3 1.7 

Lipoma 1 5.0 
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Malignant 

Invasive papillary carcinoma 1 1.7 

Lobular carcinoma 3 5.0 

Medullary CA 1 1.7 

Infiltrating ductal carcinoma 14 23 

Malignant phyllodes 1 1.7 

 Total 60 100.0 

 

 
 

Oval Well circumscribed wider than taller lesion 
 

 
 

< 3 Smooth macro lobulations Presence of posterior acoustic enhancement 
 

Fig1: Characteristics of a benign lesion 
 

 
 

Irregular and indistinct margins Spiculated margins 
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Angular margins Taller than wider lesion 
 

Fig 2: Characteristics of a malignant lesion 
 

Discussion 
In our study the sensitivity of sono-mammogram in the detection of malignant breast masses is found to 

be 100% for the 52 breast lumps excluding 8 indeterminate cases. The sensitivity of our study shows 

good correlation with the study conducted by Stavros et al. 
[12]

, were the sensitivity was found to be 

98.4%. The sensitivity of USG in the detection of malignant breast masses ranges between 67 to 98.4% 

in previous studies
[15, 16, 17]

.This wide range of difference in sensitivity is due to various reasons, such as 

different sample size, case selection criteria, ultrasound machine parameters like different resolution 

power and the skill of the Radiologist. Negative predictive value of ultrasonogram is 100%. This shows 

good correlation with a study by Soo & Rosen et al. 
[18]

 in which the NPV was found to be 99.8%. The 

sensitivity of ultrasound in diagnosing malignancy for 52 palpable breast masses included in our study is 

100%, this means that ultrasound identified all malignant lesions as malignant when compared with 

tissue diagnosis results. The specificity of ultrasound is 94.3%. This shows that ultrasound diagnosed 2 

benign lesions as malignant which was confirmed by tissue diagnosis. The positive predictive value was 

89.5%. In the present study ultrasound was able to categorize 86.6% of the total masses as either 

malignant or benign with a false positive rate of (5.7%) and false negative rate of (0%). This shows that 

ultrasound is good imaging modality for diagnosing malignant palpable breast masses. Ultrasound was 

giving indeterminate results in 13% cases. 

In the present study the calculated sensitivity of FNAC in the diagnosis of malignant breast lesions for 59 

cases is found to be 85%. FNAC result was indeterminate in one of the breast massesand so that case was 

excluded from the calculation as indeterminate results are neither false positive or false negative. The 

sensitivity of FNAC in the diagnosis of malignant breast masses in previous studies ranges between 68% 

to 97.4%
[15, 16, 17]

.Our result correlates well with previous studies. The wide variations in sensitivity of 

FNAC in previous studies is due to different inclusion parameters. The other factors that would be site of 

the lesion, size of the lesion, whether palpable or non-palpable, the varying echogenicity of the lesion 

and the experience of the pathologist interpreting the FNAC. The specificity of FNAC in present study is 

100%, that shows that FNAC diagnosed all benign lesions as benign. Positive predictive value is found to 

be (100%)and negative predictive value was found to be (92.9%). The false positive rate is 0%, false 

negative rate is 7.1%. This correlated well with previous studies.  

When we compare Ultrasound and FNAC findings, the sensitivity of ultrasound was found to be (100%), 

the sensitivity of FNAC was found to be (85%), the false negative rate of sono-mammogram was found 

to be (5.7%), the false negative rate of FNAC was found to be (7.1%). These results signify that 

ultrasound is a better modality for diagnosing malignant lesions. But the percentage of indeterminate 

results in ultrasound is high (13%) when compared to FNAC (1.6%). Percentage of indeterminate results 

were very less by FNAC. Out of the 20 malignant breast masses, FNAC was able to diagnose 

malignancy correctly in 17 cases (85%), in the rest of the 3 cases (15%) of malignancy was reported as 

benign by FNAC. The results of ultrasound in these 3 cases were compared with FNAC. In all 3 cases 

ultrasound has diagnosed malignancy correctly. And out of 60 cases FNAC showed indeterminate result 

in 1 case which turned to be phyllodes tumour in biopsy. The false negative rate of FNAC showed good 

correlation with study conducted by Day et al. 
[18]

 and Feichteret al. 
[19] 

USG was not able to accurately categorize benign and malignant lesions in 13% of the cases. In all these 

cases, FNAC was able to exactly identify benign lesions and malignant lesions which was further 

confirmed by histopathology. This states that in case of indeterminate reports by ultrasound further 

FNAC is needed to rule out or confirm malignancy. Thus, when both ultrasound and FNAC are used 

together, majority of the lesions can be diagnosed. In our study the agreement between ultrasound and 

FNAC is found to be 82.6%. Ultrasound was able to diagnose all the malignant cases missed by FNAC 

and in case of indeterminate reports by ultrasound, FNAC could diagnose benign and malignant lesions 

correctly. Thus, both these modalities are considered complementary to each other. When USG and 
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FNAC are applied together the need of surgical biopsy for benign lesions can be reduced. Another 

similar study was conducted by Reinikainenet al. 
[20]

, to evaluate the application of USG and FNAC in 

the assessment of palpable solid breast lesions. USG and mammography images of (84 palpable breast 

lesions) and 57 fine needle aspiration cytology results were analysed retrospectively. Comparison of both 

the modalities were done with histopathological diagnosis. The specificity and sensitivity of FNAC were 

83% and 92% respectively. They concluded that correct applications of these three modalities can reduce 

the number of biopsies of benign lesions
[21]

. 

Stavros et al conducted a study with 750 female patients with breast masses, NPV (Negative predictive 

value), sensitivity of FNAC of the study conducted by Stavros et al. was 98.4% and 99.5% respectively. 

This showed good correlation with the present study. The percentage of benign and malignant breast 

masses in study conducted by Stavros et al. was 67% and 33% respectively. Majority of the lesions were 

benign which well correlated with the study done by Stavros et al.
[12]

 The most commonly diagnosed 

benign lesion is fibroadenoma and the most commonly encountered malignancy is infiltrating ductal 

carcinoma. 

In our study 67% of lesions had circumscribed margins and 33% of lesions had non-circumscribed 

margins. When the lesions with circumscribed margins were analysed 95% of the lesions turned to be 

benign and 5% of lesions turned to be malignant. This shows that circumscribed margins are an 

important predictor of benign lesions. Out of the 33% of lesions which showed non-circumscribed 

margins, 90% were malignant and 10% were benign. This shows that non-circumscribed margins 

(Angular, spiculated, indistinct, micro lobulated) is an important predictor of malignancy. 2 cases (10%) 

each one with angular and spiculated margins respectively turned to be benign and the final diagnosis 

was chronic breast abscess. This shows that breast abscess can mimic malignancy. Chronic idiopathic 

granulomatous mastitis may manifest initially in the breast and mimic an infectious process or 

malignancy
[22]

. 

In our study we identified the 3 best reliable features for identification of benign and malignant lesions. 

These features were the margins, shape, ratio of width to AP dimension of the breast lump. These 

features show very good correlation with the previous studies. Stavros et al emphasized the importance 

of criteria which should be strictly applied for identification of malignant and benign lesions. 

We believe that our study has several strengths. First, such types of studies are done in a limited basis on 

Indian populations. So, our study will be very useful in reference to the Indian oriented studies. Second, 

our study strengthens the importance of sono-mammography in evaluation of breast masses which proves 

the results of previous studies results. Thirdly, the results were compared with gold standard 

histopathological diagnosis. For a valid study always the reference test which is evaluated must me gold 

standard. And the strong point in our study would be the Radiologist performing the Ultrasound guided 

FNAC and the cyto-pathologist interpreting the FNAC were blinded from each other’s observations. And 

both the diagnostic procedure was done in the same population this adds further strength to the study. 

First limitation of our study would be is the single observer interpretation. So, we did not assess 

interobserver difference in the assessment of these features and in the final assessments. Secondly, we 

excluded cystic lesions in our study as they were managed by aspiration and drainage and tissue 

diagnosis is not possible. This selectiveness of patients in the study may limit the generalisation of the 

findings in clinical practice.  

 

Conclusion 

Ultrasonography helps in early detection of breast malignancy in young and pregnant women. 

Importance of breast imaging is not to miss malignant lesion in early stage. In our study the agreement 

between ultrasound and FNAC is found to be 82.6%. Ultrasound was able to diagnose all the malignant 

cases missed by FNAC and in case of indeterminate reports by ultrasound FNAC was able to diagnose 

benign and malignant lesions accurately. Thus, both the modalities are considered complementary to 

each other. When Ultrasound and FNAC are used together in the diagnosis of benign and malignant 

breast lesions the need of surgical biopsy for benign lesions can be reduced. Factors which were more 

predictive of benign and malignant features were identified with ultrasound. These features have the 

potential to help decrease the number of biopsies performed for benign solid masses. Our study results 

were encouraging in that we were able to identify the important ultrasound features for differentiating 

malignant and benign masses. These features have the potential to help us to decrease the need for 

radiation exposure on mammography & the number of biopsies performed for benign solid masses. Thus, 

ultrasound is a useful supplement to FNAC/Biopsy in diagnosis of benign and malignant lesions.  
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